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ABSTRACT
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infrastructure, consumer devices and entertainment interfaces, technology and tools for
people with disabilities, nuclear power, robotic manufacturing and service, and
transportation; as well as HCI research infrastructure, education, and human resources.
Information sources for this study included a literature review; visits to 22 relevant sites in
Japan; and a review of the draft report by panelists, site visit hosts, and study sponsors. The
panel found that Japan lags the United States in HCI basic research and practice, CSCW
research, and network infrastructure research and practice. Japan leads in digital compression
technologies, HCI research and applications for people with disabilities, game platforms,
nuclear power plant control applications, and fuzzy logic applications.
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FOREWORD

The National Science Foundation (NSF) has been involved in funding technology
assessments comparing the United States and foreign countries since 1983. A sizable
proportion of this activity has been in the Japanese Technology Evaluation Center (JTEC)
and World Technology Evaluation Center (WTEC) programs. NSF has supported more
than thirty JTEC and WTEC studies over a wide range of technical topics.
As U.S. technological leadership is challenged in areas of previous dominance such as
aeronautics, space, and nuclear power, many governmental and private organizations seek
to set policies that will help maintain U.S. strengths. To do this effectively requires an
understanding of the relative position of the United States and its competitors. The
purpose of the JTEC/WTEC program is to assess research and development efforts in other
countries in specific areas of technology, to compare these efforts and their results to U.S.
research in the same areas, and to identify opportunities for international collaboration in
precompetitive research.
Many U.S. organizations support substantial data gathering and analysis efforts directed at
nations such as Japan. But often the results of these studies are not widely available. At
the same time, government and privately sponsored studies that are in the public domain
tend to be "input" studies; that is, they provide enumeration of inputs to the research and
development process, such as monetary expenditures, personnel data, and facilities, but do
not provide an assessment of the quality or quantity of the outputs obtained.
Studies of the outputs of the research and development process are more difficult to
perform because they require a subjective analysis performed by individuals who are
experts in the relevant technical fields. The NSF staff includes professionals with expertise
in a wide range of disciplines. These individuals provide the technical expertise needed to
assemble panels of experts that can perform competent, unbiased, technical reviews of
research and development activities.
Specific technologies, such as telecommunications, biotechnology, microelectromechanical
systems, and advanced materials, are selected for study by government agencies that have
an interest in obtaining the results of an assessment and are able to contribute to its
funding. A typical assessment is sponsored by two to four agencies. In the first few years
of the program, most of the studies focused on Japan, reflecting concern over Japan's
growing economic prowess. Studies were largely defined by a few federal mission
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agencies that contributed most of the funding, such as the Department of Commerce, the
Department of Defense, and the Department of Energy.
The early JTEC methodology involved assembling a team of U.S. experts (usually six
people from universities, industry, and government), reviewing the extant literature, and
writing a final report. Within a few years, the program began to evolve. First we added
site visits. Panels traveled to Japan for a week and visited twenty to thirty industrial and
research sites. Then, as interest in Japan increased, a larger number of agencies became
involved as cosponsors of studies. Over the ten-year history of the program, fifteen
separate branches in six agencies of the federal government (including NSF) have
supported JTEC and WTEC studies.
Beginning in 1990, we began to broaden the geographic focus of the studies. As interest in
the European Community (now the European Union) grew, we added Europe as area of
study. With the breakup of the former Soviet Union, we began organizing visits to previously
restricted research sites opening up there. These most recent WTEC studies have focused
on identifying opportunities for cooperation with researchers and institutes in Russia, the
Ukraine, and Belarus, rather than on assessing them from a competitive viewpoint.
In the past several years, we also have begun to substantially expand our efforts to
disseminate information. Attendance at JTEC/WTEC workshops (in which panels present
preliminary findings) has increased, especially industry participation. Representatives of
U.S. industry now routinely number 50 percent or more of the total attendance, with a
broad cross section of government and academic representatives making up the remainder.
JTEC and WTEC studies have also started to generate increased interest beyond the
science and technology community, with more workshop participation by policymakers
and better exposure in the general press (e.g., Wall Street Journal, New York Times).
Publications by JTEC and WTEC panel members based on our studies have increased, as
have the number of presentations by panelists at professional society meetings.
The JTEC/WTEC program will continue to evolve in response to changing conditions in the
years to come. NSF recently has authorized new JTEC/WTEC initiatives aimed at the
following objectives:
•

Disseminating the results of JTEC/WTEC studies via the Internet. Ten of the most
recent JTEC/WTEC final reports are now available on the World Wide Web
(http://itri.loyola.edu) or via anonymous FTP (loyola.edu, jtec_wtec directory).

•

Expanding opportunities for the larger science and technology community to help
define and organize studies.

•

Increasing industry sponsorship of JTEC and WTEC studies.
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The latter two objectives are now being served under the recently inaugurated
JTEC/WTEC Community-Initiated State-of-the-Art Reviews (CISAR) initiative. As of
this writing, JTEC/WTEC has formed partnerships with university-industry teams, with
partial funding from industry, to carry out two CISAR studies. These cover the Korean
semiconductor industry and electronics final assembly technologies in Pacific Rim
countries, respectively. Several other topics are under consideration. Further information
on the CISAR initiative is available on the JTEC/WTEC WWW server
(http://itri.loyola.edu /cisar.htm) or by contacting the JTEC/WTEC office.
In the end, all government-funded programs must answer the question, How has the
program benefited the nation? A few of the benefits of the JTEC/WTEC program follow:
•

JTEC studies have contributed significantly to U.S. benchmarking of the growing
prowess of Japan's technological enterprise. Some have estimated that JTEC has been
responsible for over half of the major Japanese technology benchmarking studies
conducted in the United States in the past decade. JTEC reports have also been widely
cited in various competitiveness studies.

•

These studies have provided important input to policymakers in federal mission
agencies. JTEC and WTEC panel chairs have given special briefings to senior officials
of the Department of Energy, to the National Aeronautics and Space Administration
(NASA) Administrator, and even to the President's Science Advisor.

•

Studies have been of keen interest to U.S. industry, providing managers with a sense of
the competitive environment internationally. Members of the recently completed study
on satellite communications have been involved in preliminary discussions concerning
the establishment of two separate industry/university consortia aimed at correcting the
technological imbalances identified by the panel in its report.

•

Information from JTEC and WTEC studies also has been valuable to both U.S. and
foreign researchers, suggesting a potential for new research topics and approaches, as
well as opportunities for international cooperation. One JTEC panelist was recently
told by his Japanese hosts that, as a result of his observations and suggestions, they
have recently made significant new advances in their research.

•

Not the least important is the educational benefit of the studies. Since 1983 over 200
scientists and engineers from all walks of life have participated as panelists in the
studies. As a result of their experiences, many have changed their viewpoints on the
significance and originality of foreign research. Some have also developed lasting
relationships and ongoing exchanges of information with their foreign hosts as a result
of their participation in these studies.

As we seek to refine the JTEC/WTEC program in the coming years, improving the
methodology and enhancing the impact, program organizers and participants will continue
to operate from the same basic premise that has been behind the program from its
inception: the United States can benefit from a better understanding of cutting-edge
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research that is being conducted outside its borders. Improved awareness of international
developments can significantly enhance the scope and effectiveness of international
collaboration and thus benefit all of the United States' international partners in
collaborative research and development efforts.

Paul J. Herer
National Science Foundation
Arlington, VA
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EXECUTIVE SUMMARY

INTRODUCTION
Human-Computer Interaction, often called HCI, is a sociotechnological discipline whose
goal is to bring the power of computer and communication systems to people in ways and
forms that are both accessible and useful in our working, learning, communicating, and
recreational lives.
Toward this end, technologies such as the graphical user interface, virtual environments,
speech recognition, gesture and handwriting recognition, multimedia presentation, and
cognitive models of human learning and understanding have been developed and applied as
part of HCI research agendas.
HCI is sociotechnological because it concerns how people, both as individuals and as
groups, use and are affected by computer and communication systems. As such, HCI
draws on computer science, computer and communications engineering, graphic design,
management, psychology, and sociology as it endeavors to make computer and
communications systems ever more usable in carrying out tasks as diverse as learning a
foreign language, analyzing the aerodynamics of a new airplane, planning surgery, playing
a computer game, accessing information on the World Wide Web, or programming a VCR.
Excellence in HCI is important for several reasons:
•

Quality of life. Important applications of computers in medicine are possible only if
they are both useful to and easy to use by doctors, nurses, and aides; similarly, use of
computers in education requires usability and usefulness for students and teachers.
Computers can assist disabled individuals; at the same time, special techniques are
needed to allow computers to be used by some who are disabled.

•

National competitiveness. Information technology is one of the drivers for increased
productivity. As more and more workers use computers in their jobs, training time and
ease and speed of use become economically more and more important.

•

Growth of the computer and communications industries. Powerful, interesting, and
usable applications are the fuel for continuing growth of these industries. The current
cycle of growth is the direct consequence of the graphical user interface developed by
Xerox and commercialized by Apple and Microsoft, and of the lower computer costs
made possible by the microprocessor. The resulting mass market supports commodity
pricing for both hardware and software. Future growth cycles will in part be driven by
current HCI research, which will lead to new and ever easier-to-use applications.
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xii
•

Computer-based command, control, communications, and
National security.
intelligence systems are at the heart of our military infrastructure. Interfaces between
operators and computers are found in cockpits, on the bridge, and in the field. To be
effective, these systems must have high-quality human-computer interfaces.

STUDY OBJECTIVES AND PROCESS
The basic purposes of this JTEC study were to investigate Japanese HCI research and
development and to compare current status and trends to similar work in the United States.
In particular, the sponsors of the study (the National Science Foundation, the Advanced
Research Projects Agency, the Office of Naval Research, and the Department of
Commerce) were interested in the following specific areas:
•
•

•
•

basic human-computer interaction research
research, development, and applications in
– computer-supported collaborative work (CSCW), information network services,
and information infrastructure
– consumer devices, games, and entertainment
– technologies and tools for people with disabilities
– nuclear power, robotic manufacturing and service, and transportation
research infrastructure
HCI education and human resources

The JTEC study panel visited 22 sites during its one-week visit to Japan May 22-26, 1995:
1 government center, 2 universities, 13 corporations, and 6 consortia (mostly sponsored by
Japan’s Ministry of International Trade and Industry, MITI).

CONCLUSIONS
The following sections present highlights of the JTEC panel’s conclusions drawn from its
site visits. Table ES.1 compares HCI activities in Japan and the United States.
Research Infrastructure (Chapter 1, p. 7)
•

Most HCI research is done in corporate labs, with university research playing a decidedly
secondary role. Government funding for HCI work is primarily from MITI to companies,
which sometimes involves universities. Universities are looked to by industry as a source
of trained staff much more than as a source of ideas or for research collaboration.

•

While these observations are true for the government-supported universities (8 of the
10 top schools are in this category), the few top-quality private universities are much
more involved with industry.

JTEC Panel on Human-Computer Interaction Technologies in Japan
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Table ES.1
Summary of Findings:
Comparison of HCI in Japan and the United States
Current Status of
Japan w/r to U.S.

Government funding of university HCI research
Industry funding of HCI in universities
Higher education focus on HCI
Practice of HCI in industry
National Information Infrastructure (NII) - use of WWW
NII infrastructure
Video on Demand (VOD) trials/technology
Basic HCI research
Research on emotional aspects of HCI
Computer-Supported Cooperative Work (CSCW)
Access for disabled
Speech/language
Digital compression
Home automation
Game platforms
Game software
Arcade games
Fuzzy logic applications
Fuzzy logic research
Nuclear power plant control applications
Nuclear power plant control research
Robotics research
Robotics applications
Home automation

+
+
ο
+
ο
+
ο
+
+
ο
+
ο
ο
ο

KEY

ο
+

Japan behind U.S.
Japan and U.S. even
Japan ahead of U.S.

⇓
⇒
⇑

Japan losing ground to U.S.
No change in trend
Japan gaining on U.S.

Trend

⇒
⇓
⇑

⇓

⇑?

⇓

⇑
⇒
⇑
⇒
⇒
⇒
⇒

xiv
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•

Relatively fewer PhD degrees are awarded in Japan. Researchers are hired with MS
degrees and are trained within the corporate lab environment.

•

On average, corporate research tends to be more evolutionary than in the United States.
There are exceptions, such as in CSCW and representations of human emotions.

•

Industry funding of research in universities seems to be lower than in the United States.

HCI Education and Human Resources (Chapter 1, p. 10)
•

HCI as a discipline is not as well established at Japanese universities as at U.S.
universities.

•

Japanese companies generally appreciate the importance of HCI but are hampered by a
lack of trained professionals.

Basic HCI Research (Chapter 2, p. 13)
•

Japan conducts considerably less basic research than do the United States and Europe.

•

Corporate investment in R&D in Japan is strong:
- 7 - 8% of sales is invested
- the best corporate labs are very similar to U.S. labs.
- Japanese and U.S. labs have a similar “feel”— ATR is like MCC, NTT is like Bell
Labs or Bellcore, and Sony CS Lab is like Xerox PARC.

•

Japan conducts little research on the cognitive science underpinnings of HCI.

•

Japan’s focus is on development activities rather than basic research.

•

A large percentage of basic research that the JTEC panel saw involves fuzzy logic.

•

The panel saw a considerable amount of work on speech recognition, although most
seems to be the application of existing techniques to the Japanese language.

•

In Japan there is more work on noncognitive aspects of interaction, such as emotive
expression, than in the United States or Europe.

•

The JTEC panel saw very limited empirical investigations of HCI systems.

•

The majority of Japanese systems development efforts focus on video, graphics, and
speech technologies.

JTEC Panel on Human-Computer Interaction Technologies in Japan
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Some research is beginning to be influenced by work on situated cognition and
participatory design.

CSCW, Information Network Services, and Information Infrastructure
(Chapter 3, p. 23)
•

Japan is behind the United States in depth and breath of CSCW research. Current
research focuses heavily on video telepathy applications, which many consider to be a
low-payoff topic, at least in the realm of business communication.

•

In the area of video telephony, there is innovative research in Japan on ways to
represent shared work spaces.

•

The most obvious gap in CSCW research involves empirical research on the ways that
groups operate and on the impact of CSCW technology on group performance and
process. No theory is being developed in Japan to help guide CSCW development.
Data on experience with CSCW technology is not fed back to refine the technology itself.

•

The United States is ahead of Japan in national information infrastructure research and
commercial practice. The Internet and home computers are driving HCI development
in both countries, but because of the differences in infrastructure, they are driving
development more in the United States than in Japan.

Consumer Devices, Games, and Entertainment (Chapter 4, p. 37)
•

In general, Japanese and U.S. manufacturers have very similar attitudes towards the
design and development of HCI for consumer products.

•

The Japanese, being culturally very homogenous, have widely shared customs and
norms that strongly influence their product designs. They believe that such is also the
case for the U.S. market, but the more heterogeneous U.S. culture does not necessarily
support shared design assumptions.

•

In terms of the video game industry, as well as other fields, Japan is a culture based on
manufacturing. It is no coincidence that the most successful game platforms in the
United States are Japanese in origin, while the software that runs on them is primarily
from the United States; however, if the personal computer becomes the platform of
choice for game players, this may change.

Technologies and Tools for People with Disabilities (Chapter 5, p. 53)
•

More R&D projects are underway in Japan than in the United States to help people
with disabilities use computers.

xvi
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•

Much of the work the JTEC panel saw was explicitly product-oriented and was quite
good. Exciting innovations in relevant technologies lie “just around the corner” in
Japan, whereas few product breakthroughs are imminent in the United States.

•

HCI advances in Japan will eventually have a marked and positive impact on disabled
users. Voice recognition and synthesis work will help those who are blind and will
affect the quality of hearing aids as well.

Nuclear Power, Robotic Manufacturing and Service, and Transportation
(Chapter 6, p. 69)
•

The Japanese nuclear power industry has embraced computers to a greater extent than
has the United States, while maintaining a better safety and availability record, even
though its original designs and procedures were licensed from the United States.

•

The human factors research program in nuclear power is very similar to that in the
United States.

•

The Japanese have a love affair with robots, and their engineers delight in making
steady improvements in mechanism design. Of late they are emphasizing robots that
are gentle, interact easily with ordinary people (especially the elderly or handicapped),
and can be commanded by speech or gesture.

•

The rail industry in Japan is very healthy, and while not leading the way in computer
usage, it is gradually adapting computers for train operations and driver training.

•

The Japanese are actively exploiting fuzzy logic for many applications in both
consumer and domestic products. The fact that fuzzy logic is more compatible with
Japanese culture than with Western culture has led to more rapid appreciation and
adoption of this technology in Japan.

1

CHAPTER 1

INTRODUCTION
James D. Foley

HUMAN-COMPUTER INTERACTION
Human-Computer Interaction, often called HCI, is a sociotechnological discipline whose
goal is to bring the power of computers and communications systems to people in ways and
forms that are both accessible and useful in our working, learning, communicating, and
recreational lives.
Toward this end, technologies such as the graphical user interface, virtual environments,
speech recognition, gesture and handwriting recognition, multimedia presentation, and
cognitive models of human learning and understanding are developed and applied as part
of HCI research agendas.
HCI is sociotechnological because it concerns how people, both as individuals and as
groups, use and are affected by computer and communication systems. As such, HCI
draws on computer science, computer and communications engineering, graphic design,
management, psychology, and sociology as it endeavors to make computer and
communications systems ever more usable in carrying out tasks as diverse as learning a
foreign language, analyzing the aerodynamics of a new airplane, planning surgery, playing
a computer game, accessing information on the World Wide Web, or programming a VCR.
Excellence in HCI is important for several reasons:
•

Quality of life. Important applications of computers in medicine are possible only if
they are both useful and easy to use by doctors, nurses, and aides; similarly, use of
computers in education requires that they be both useful and easy to use by students
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and teachers. Computers can assist disabled individuals; at the same time, special
techniques are needed to allow computers to be used by some who are disabled.
•

National competitiveness. Information technology is one of the drivers for increased
productivity. As more and more workers use computers in their jobs, training time and
ease-of-use issues become economically more and more important.

•

Growth of the computer and communications industries. Powerful, interesting, and
usable applications are the fuel for continuing growth of these industries. The current
growth cycle is the direct consequence of the graphical user interface developed by Xerox
and commercialized by Apple and Microsoft, and of the lower computer costs made
possible by the microprocessor. The resulting mass market supports commodity pricing
for both hardware and software. Future growth cycles will in part be driven by current
HCI research, which will lead to new applications that are increasingly easy to use.

•

National security.
Computer-based command, control, communications, and
intelligence systems are at the heart of our military infrastructure. Interfaces between
operators and computers are found in cockpits, on the bridge, and in the field. To be
effective, these systems must have high-quality human-computer interfaces.

The world is in revolution. The only point of disagreement is the name used to describe the
revolution: the computer/communications revolution, the information technology revolution,
or convergence. Whatever the name, the revolution is fueled by the low cost of massproduced computer processor and memory chips and by the inexpensive, high-bandwidth
digital communications capabilities of the emerging national information infrastructure (NII).
The computer/communications revolution in which we are all participating both enables
and requires advances in human-computer interaction.
The revolution enables HCI because the low cost of processors and memory means that the
graphical user interface is now affordable by millions of people. Without a mass market to
sell to, software developers could not afford the substantial investment in the plethora of
applications and CD-ROMs now available on the market. Intel expects to sell 100 million
Pentium and Pentium Pro chips in 1996. Many or most will run Windows 3.1 or Windows
95 and will further broaden the market for usable software. The coming of age in the next
few years of smart set top boxes, mobile digital communications devices, personal digital
assistants, information appliances, and so forth, provides new and exciting opportunities,
but with the necessary condition that their user interfaces suit their users.
On the other hand, the revolution requires advances in HCI in order that the sophistication
and power of computers be made widely available for use by the millions of people who
simply want to do their jobs or play computer games or explore the World Wide Web
without having to be computer experts. The continuing growth of the computer and
communications industries will be moderated without further developments in HCI to
create more useful and usable applications.
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STUDY METHODOLOGY AND OBJECTIVES
This and other JTEC studies are formulated initially by the sponsoring agencies. The
sponsors of this study are the National Science Foundation (NSF), the Advanced Research
Projects Agency (ARPA)1, the Office of Naval Research (ONR), and the Department of
Commerce (DOC). Sponsors and the study chair identify potential panel members and
refine the study goals. After the panel is formed, panelists meet with the sponsors to
discuss goals, enumerate the questions to be asked, and identify potential research labs to
visit. A JTEC representative in Japan arranges visits and the itinerary.
The following individuals participated in the HCI panel’s site visits in Japan:
Panelists
James D. Foley, Georgia Institute of Technology (Panel Chair)
Ephraim P. Glinert, Rensselaer Polytechnic Institute
James D. Hollan, University of New Mexico
Robert E. Kraut, Carnegie Mellon University
Thomas B. Sheridan, Massachusetts Institute of Technology
Tim Skelly, Microsoft Corporation
Other Team Members
Susan Chipman, Office of Naval Research (sponsor representative)
Michael J. DeHaemer, Loyola College, JTEC/WTEC Director
Gene Gregory, Consultant, InterMan Japan
Scope
The following list indicates the multiple foci of the study, along with the names of the
panel members with primary responsibility for the respective areas:
•
•
•
•

1

Research infrastructure (James Foley)
HCI education and human resources (James Foley)
Basic human-computer interaction research (James Hollan)
Research, development, and applications in
– computer-supported cooperative work (CSCW) and network services and
information infrastructure (Robert Kraut)
– consumer devices, games, and entertainment (Tim Skelly)
– technologies and tools for people with disabilities (Ephraim Glinert)
– nuclear power, robotic manufacturing and service, and transportation
(Thomas Sheridan)
Renamed DARPA, Defense Advanced Research Projects Agency, as of March 1996
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The following more precisely defines the focus of each of the areas of interest. Each of
these topics is addressed in a chapter in this report.
Research infrastructure, HCI education, and human resources (James Foley, Chapter 1)
Beyond the actual research projects and their status, the infrastructure and milieu
surrounding the research shape attitudes, perceptions, and directions. Hence, the JTEC
panel is interested in how research is funded; the research-reward structure; the interactions
between universities, companies, and government; and technology transfer mechanisms.
The educational pipeline that produces HCI researchers is of relevance, as is the general
application of HCI principles by industry as new products and user interfaces are developed.
Fundamental HCI research (James Hollan, Chapter 2)
Improvements in human-computer interaction have resulted from research on new
hardware and software technologies as well as new ways of thinking about interactions
between people and computers and about interactions between people that are mediated by
computers. As computers become ubiquitous and play an increasing role in our lives, the
importance of human-computer interaction research is highlighted. The development of
novel kinds of work materials, electronic communities, and new computationally-based
media has begun. Still, most current user interfaces employ computation primarily to
mimic mechanisms of older media. While there are important cognitive, cultural, and
engineering reasons to exploit earlier successful representations, imitating the mechanisms
of an old medium strains and underutilizes the new. Fundamental research is required to
effectively exploit computation and ensure that it plays a productive role in our lives. The
JTEC panel’s goal was to summarize research across the broad range of areas involved in
human-computer interaction, as well as to highlight issues that would most benefit from
increased research activity.
Telecommunications and networking (Robert Kraut, Chapter 3)
Computing and telecommunications are rapidly converging. Electronic mail, groupware,
teleconferencing, and more recently, the World Wide Web, are changing how groups
operate in business and education. But the manners in which groups use these applications
and the impact of these applications are still open issues. User interfaces for multi-user
applications are still primitive, with few established design principles. Methods for
designing and introducing multi-user applications are different from those for singleapplications ones. In this area, the JTEC team was interested in identifying innovative
multi-user applications and interfaces, learning how these applications are being used in
Japanese workplaces, and understanding the ways that language, attitudes towards groups,
and other national differences might influence the value and design of these applications.
At the consumer level, the potential mass deployment of interactive, on-line services,
including communication, information, and entertainment services, raises human factors
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issues of usability and social impact. It will be a human factors challenge to make the
variety and complexity of a national information infrastructure available to the very wide
range of consumers who will need to access it. And if a national information infrastructure
becomes widely available, understanding its impact on the lives of average citizens will be
a priority for both business and policy planning. In this area, the JTEC HCI panel was
interested in learning motivations for and barriers to using on-line services and about
efforts to understand their social impact.
Consumer devices, games, and entertainment (Tim Skelly, Chapter 4)
Computers have become ubiquitous features in the landscape of everyday objects. Mostly,
they are hidden from the people who use them, embedded in other machines, as in the case
of automobiles. These computers provide service without any extraordinary or even visible
interface with the user. However, as power and flexibility become cheaper, the options for
control offered by even the most trivial consumer device can quickly overwhelm the users
and designers of these products. This, and the possibilities for interconnection between
devices, create a situation where the ordinary consumer is placed in the position of
becoming, at least part-time, a programmer/technician. This has become a regular,
unpleasant surprise for most people buying electronic goods. Consumers rightfully expect
the tools and entertainment equipment they purchase to ease their lives, not make them
more complex. The success of the consumer electronics industry is based on shortening
the distance between users and their desires. The JTEC HCI panel’s goal was to determine
what strategies, novel and conventional, technical and psychological, are being developed
to shorten that immeasurable distance.
Access to computers for people with disabilities (Ephraim Glinert, Chapter 5)
Disabilities can be of many different kinds, some physical, others cognitive. People with
physical disabilities may be affected in just a single sensory modality, or in multiple modalities.
Disabilities can be congenital, the sudden result of an accident, or an evolutionary
consequence of disease or unavoidable processes such as aging. If we live long enough,
almost all of us will either experience a disability of some kind ourselves or watch friends
or family members become affected. Advances in computer technology, and especially
interface technology, can be both a blessing and a curse in this regard. On the positive side,
the flexibility and power of software, coupled with the almost endless variety of I/O
devices designed for computers, should be able to open the door to rich and productive
lives for people with many kinds of disabilities. On the negative side, the explosive growth
in use of multimedia technology, for example, threatens to relegate large groups of people
(such as those with hearing impairments), who were previously able to fully utilize
computers, to the ranks of second class citizens. The challenge, then, is to design and build
systems that afford access, where required, to the same tools everybody else is using,
especially in the workplace, while providing facilities, where possible, to accommodate
special needs. During its trip to Japan, the JTEC panel sought to learn about the current
status of people with disabilities in general and in the workplace in particular, about current
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access-related projects and products available to this community for a variety of application
domains, and about plans to deal with these issues more effectively in the future.
Human-computer interaction in manufacturing, process control, telerobotics, and
transportation (Thomas Sheridan, Chapter 6)
Unlike human-computer interaction in business and many other applications where the
human can take a work break at his or her own discretion, in applications such as
manufacturing, process industries, telerobotics, and transportation, there is a dynamic
system that is ongoing and cannot arbitrarily be stopped to take a break. All such systems
are becoming more automated, and the human operator is being relegated to the role of
programmer, on-line monitor and supervisor, and after-the-fact, off-line evaluator. This
change in the human role makes large changes in the human-computer relationship,
requiring much more of artificial sensors, actuators, and the computer, reducing the
sensory-motor load on the operator, and also increasing the cognitive demands on the
operator. In this area, the JTEC panel looked for such changes in human operator tasks and
new technical approaches to handling these changes in a safe and efficient manner.
Site Visits
The panel visited twenty-two visits in Japan. In some cases, the entire panel visited a
company, while in other cases, the panel divided into separate groups of 1 to 5 persons.
Site reports for each lab are included as Appendix C to this report. The following list
indicates the sites visited and the team member with primary responsibility for writing the
site report:
ATR International (Foley)
Canon Research, Corporate Welfare Division, Tokyo (Glinert)
Central Research Institute of Electric Power — CRIEPI (Kraut and Sheridan)
Digital Vision Labs (Skelly)
East Japan Rail (Sheridan)
Electro-Technical Lab (Sheridan)
Fujitsu Personal Systems Lab, Akashi (Skelly)
Graphics Communications Lab, Tokyo (Skelly)
Hitachi Research, Hitachi City (Foley)
IBM Human Factors Lab (Chipman/DeHaemer)
Matsushita (Sheridan)
Mitsubishi Electric Computer and Information Systems Labs (Foley)
National Center for Science Information Systems — NCSIS (Glinert)
NEC C&C Research Labs, Kawasaki (Glinert)
NTT Advanced Technology Corp., Human Interface Testing Center, Yokohama (Hollan)
NTT Human Interface Labs, Kanagawa (Kraut)
OMRON, Kyoto (Hollan)
PNGS – Association for Promotion of New Generation Services, Kyoto (Kraut)
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Sony Computer Science Lab, Tokyo (Skelly)
Tokyo Institute of Technology/LIFE (Foley)
Toshiba (Sheridan)
TRON Project, University of Tokyo (Hollan)
The JTEC panel members presented a briefing on their visit and conclusions in
Washington, D.C., on July 7, 1995. The discussions and feedback from that full-day
session have been helpful in refining this final report.

RESEARCH INFRASTRUCTURE
To understand the state of HCI research in Japan and prospects for the future, it is
necessary to understand the Japanese style of conducting research, which is considerably
different from the American style. The essential difference is that research in Japan is
centered in large corporate research labs, not in universities. A number of causes and
effects surround this phenomenon; it is not always clear which are the causes and which
are the effects. The following endeavors to explain some of them.
Most researchers in Japan are hired by corporate research labs after graduating with MS
degrees. Ninety percent of corporate researchers are hired after they earn their MS degrees;
the other 10% are more or less evenly split between having BS and PhD degrees. At some
companies, a slight increase in PhD hiring is occurring. The companies provide further
research training as part of the until-now traditional life-long employment in large Japanese
corporations. Researchers typically remain in the lab for 5 to 15 years and then move on to
development groups. In some cases, a researcher will go to a development lab for 2 or 3
years, then return to research for a time before making a permanent return to development.
This overall pattern is a very effective technology transfer strategy for two reasons: First,
people transfer technology much more effectively than do papers and reports. Second,
relationships the transferred researchers have developed with younger researchers still in
the lab ensure good continuing communication between research and product development.
Japanese companies look to universities more for graduates than for ideas. In general,
corporations do not fund university research. Large companies fund some universities,
generally at low levels, mostly to maintain relationships with well-known professors.
Several of the JTEC team’s contacts indicated that this is fairly common. Also, panelists
were told that tax laws do not permit deducting university research support that has specific
deliverables to the company; so funding that is provided is for general support of programs.
There appear to be exceptions, such as the TRON project at the University of Tokyo, which
has had considerable corporate support (see TRON site report in Appendix C).
Professors at Japanese publicly-supported schools are not allowed to accept salary or
consulting fees from companies. As full-time public servants, faculty are paid for twelve
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months, so other support for summer salary is not needed. Unlike the situation for faculty
at U.S. schools, being paid for consulting is also forbidden. Eight of the ten top schools in
Japan are publicly supported, so this policy greatly diminishes the financial incentive for
faculty to seek corporate support, and it decreases the opportunity for companies to
discover the professors’ innovative research ideas.
In contrast to the situation at public schools, professors at private schools (such as Keio and
Waseda Universities, which are the strongest and in the top ten), do work with companies,
and indeed are expected to seek outside support. At least one senior faculty member from
one of these schools is also head of the computer science lab of a major corporation and
has successfully transferred ideas from the university to the company.
Professors at publicly supported schools in Japan do not have sabbatical leaves. This
removes one means for professors to become more familiar with industrial needs: it is
quite common for a U.S. professor to spend all or part of a sabbatical, or a summer, in a
corporate research lab or development group.
Direct Japanese government funding of university research is modest. There is no
Japanese equivalent to the combination of the U.S. Air Force Office of Scientific Research
(AFOSR), the Army Research Office (ARO), ARPA, the Department of Energy (DOE), the
National Aeronautics and Space Administration (NASA), NSF, and ONR to invest billions
of dollars in university research. Japan’s Ministry of Education does provide some
research funding to a limited number of prominent universities. Japan’s Ministry of
International Trade and Industry (MITI) research funding goes to corporate coalitions, and
the bulk of the funding goes to corporate labs or to the Advanced Telecommunications
Research Institute (ATR) (see ATR site report in Appendix C). The coalitions do
sometimes pass some funding on to universities.
On the other hand, a recent Japanese government program is injecting major research funds
into universities, apparently as a way to help the weak economy. For instance, Hokkaido
University is receiving funds to build a large HCI research center.
The consequence of this research environment is, on the average, a focus in Japan on the
relatively short-term and on incremental improvements. Product evolution is often valued
over product revolution. Research is conducted in a structured, corporate-driven
environment. Contrast this to the longer-term, more adventuresome, less inhibited, perhaps
more creative style of research found in U.S. university labs, where groups of graduate
students have the freedom to pursue ideas and take pride in being different. Industryfounding ideas have emerged from such environments. SGI and Sun are prominent
examples.
While the above is true on average, the JTEC panel did see some longer-term, far-reaching
projects and some impressive creativity, as exemplified by the Phin project at Fujitsu (see
Chapter 4) and some of the work at Sony’s Computer Science Lab.
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Perhaps as a consequence of Japan’s corporate-centered research, the percentage of annual
revenues spent on research and development tends to be higher than for many U.S.
companies. JTEC panelists were consistently shown graphs indicating that 7-8% of gross
revenues are being reinvested in R&D in Japanese companies. This contrasts with the
following recently published figures for U.S. companies’ R&D investment percentages
(Business Week 1995):
•
•
•

Electrical and electronics
Telecommunications
Office equipment and services

5.7%
3.3%
7.1%

Comparisons of this sort must be viewed with great caution: the methods by which these
figures are derived in Japan and the United States may differ greatly. Since corporate cost
allocation methodologies probably differ in the two countries, it would not be appropriate
to make a big issue of this observation.
Comparing government R&D funding in Japan and the United States is even more
difficult. For example, government R&D funding figures for Japan often do not include
salaries, which are paid separately by either companies or the Ministry of Education.
Conversely, U.S. government R&D funding projects often do include salaries as 50% or
more of total budgets. Furthermore, official government funding levels in Japan are
supplemented through semiofficial channels (e.g., the Bicycle Racing Association of Japan,
which has been known to contribute proceeds from racing events to government-sponsored
R&D projects!).
The Japanese cultural emphasis on consensus and uniformity and seniority limits the
adventurous and creative thinking that is part of research. The JTEC panelists were told
of the Japanese saying, “The nail which stands out is pounded down.” Risk-taking in
Japan tends to be discouraged. As well, the emphasis on seniority in the research labs,
recently changing in at least one lab, the Sony Computer Science Lab (see Sony site report
in Appendix C), makes it hard for bright young researchers to challenge the “conventional
wisdom” of their elders and introduce radical new ideas.
Not taking risks has another effect. In the United States, numerous start-up companies
have been established by recent university graduates, sometimes with their professors, to
commercialize promising innovations. Venture capital firms are eager to help launch
promising companies. In Japan, there are neither the venture capital firms nor the desire to
take the risk of starting a company. Again, there are exceptions. JTEC panelists met with
Kazuo Nishi, President of the ASCII Corporation, a company that Nishi started ten to
fifteen years ago that today has sales of about $400 million.
Finally, since most new researchers in Japan have experienced neither a Japanese
university research lab (recall that most researchers go to work after earning their MS
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degrees) nor a U.S. lab, they do not have the frame of reference and the set of expectations
that graduate students in the United States develop.
Readers are cautioned not to take any of these statements as absolutes. There are always
exceptions. Also, readers should recognize that the JTEC study team spent only 9 days in
Japan, so that the collage presented here is undoubtedly incomplete. However, more
knowledgeable individuals who have reviewed this material state that it is generally
accurate. More detail on many of these issues can be found in an informative article by
Notkin and Schlichting (1993).

HCI EDUCATION AND PRACTICE
HCI education is not yet as well developed in Japan as it is in the United States. While the
JTEC panel did not obtain quantitative information, several important points became quite
obvious from discussions with the panel’s Japanese hosts:
•

University education in HCI in Japan lags that of the United States by perhaps 5-10
years. The number of HCI courses and HCI students at Japanese universities is lower
than in United States, and the discipline of HCI is not as well established in Japanese
universities, although this is changing.

•

Cognitive science is not as well developed in Japan as in the United States.

•

Japanese universities have very little interdisciplinary HCI teaching and research of the
type found at a number of U.S. schools, typically involving teams of faculty from
departments such as Computer Science, Industrial Engineering, Information Design,
Management, Psychology, and Sociology.
This is in part due to greater
compartmentalization in universities, and, presumably, to the risk aversion mentioned
in the preceding section. HCI, even in the United States, is still looked at suspiciously
in some departments. It has not been championed here by risk-averse individuals.
Whatever the reasons, the lack of interactions between faculty from different
disciplines hurts HCI education, which is inherently multidisciplinary.

•

One measure of the acceptance of HCI into mainstream computer science in the United
States is that the department chairs of two substantial computer science departments are
psychologists whose research is HCI. A similar level of acceptance does not yet exist
in Japan.

•

In terms of the application of HCI principles and methodologies to the design of
interactive computer systems, the JTEC panel found that
− Most companies that the panel visited recognized the importance of HCI and
understood the value of including both technological and behavioral sciences
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expertise in design teams. On the other hand, few of the companies seemed to be
doing it, at least not on the scale of many U.S. companies. The reason often given
for this was the shortage of trained HCI professionals.
− Most companies are using some form of methodological HCI design process.
− Usability labs are much less prominent in companies in Japan than in the United
States.
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CHAPTER 2

FUNDAMENTAL HCI RESEARCH
James D. Hollan

INTRODUCTION
Popular discussion about the national information infrastructure envisions the development
of an information marketplace that can enrich people’s economic, social, cultural, and
political lives. While there are crucial research issues that must be addressed before such
an information marketplace can be successful, computation, clearly, will be increasingly
involved in our professional and personal lives.
One trend in the development of computationally-based systems is a shifting focus from
hardware to software, and particularly to human-computer interaction. As society
approaches the time of commodity hardware and operating systems, the field of humancomputer interaction is of growing significance. Companies, for example, now realize that
one of the major ways they can distinguish themselves in the marketplace is via more
effective interfaces. Consider also that from a user’s perspective, the interface is the
system. From an implementation perspective, the interface now comprises more than half
of the code of most applications, which shows how central the interface is becoming. The
interface is clearly the gating function for delivering new functionality to users.
At the same time that the interface is becoming of vital importance, a variety of factors are
conspiring to make the development of interfaces more difficult than in the past. One
dimension of this increased difficulty is the disappearance of boundaries. This includes the
boundaries between applications for supporting people’s real tasks; between machines in
the move to distributed computing; between media as interfaces expand to include video,
sound, graphics, and communications facilities; and between people as interface designers
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realize the importance of supporting organizational and group activities. All of this results
in the increasing complexity of interface design.
Today’s interface design needs to be informed by multiple disciplines. No longer can
design teams be made up only of computer scientists. To be effective, they require
members with knowledge about cognition, organizational structure, dynamic media, group
dynamics, graphic design, and a host of other domains. In addition, the users of systems
have to be more actively involved in the design of the systems that will influence the way
their activities are structured.
Deep understanding of human-computer interaction and the many disciplines upon which it
is based will be needed to effectively exploit computation. Much research needs to be
done, but the importance of that work and of taking a user-centered design approach is now
widely recognized. Still, much human-computer interaction research is small in scale,
fragmented, and very poorly coordinated. Human-computer interaction, which is crucial to
the effective development of a national information infrastructure and central to the spread
of computation into virtually every sphere of life, is a big science problem that our society
has been approaching in small science ways. The United States needs to develop a national
strategy to direct research activities. Such a strategy needs to be informed by
understanding research developments in other countries.
The JTEC panel visited 22 research sites in the short period of a week. The willingness of
the panel’s hosts to share information and their warmth and generosity combined to make
the brief visits pleasant and productive. This rapid visit did not allow the panel members
to explore specific research projects in depth, but it provided general impressions of
Japanese research activities that are summarized in this report.
This author’s charge was to focus on fundamental research; relevant questions to be explored
(these were shared with the panel’s Japanese hosts before the visit) covered the following:
Fundamental Research
•
•
•
•
•

key issues facing the field
issues each organization is addressing
the most interesting activities in the labs
advances made by the individual labs
important advances made by others

Theory
•
•

theoretical formulations and interface metaphors involved in each lab’s research
new interface and organizational metaphors being considering (e.g., computersupported cooperative work, electronic communities, mobile computing, World Wide
Web, agents, etc.)
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Systems
•
•
•
•
•

hardware platforms and software environments
immersive or augmented environments
languages (system, application, scripting, end users)
software engineering tools
supporting and transitioning interfaces into use

HCI IN JAPAN
The JTEC panel did not expect to answer all of these questions or have opportunities to
discuss many of these issues in depth during its brief visit to Japan. However, the panel
was able to visit a very diverse collection of research labs to obtain an overall impression
of the types of HCI research in progress and develop a feel for the general directions of
research and the areas of interest.
Although there is an increase in HCI research activities at Japanese universities, most
research takes place in industrial labs. Government support for university-based HCI
research is growing, and the top universities are receiving significant amounts of these
government funds. As an example, one university was reported to have received the
equivalent of $50 million, and another was provided with funds to equip a large HCI
research center.
Strong corporate investment in HCI research and development is expected to continue. At
most sites visited, the Japanese reported investments in R&D of 7-8% of sales. The best
corporate labs are very similar to corporate research labs in the United States but are not
experiencing the same downsizing as their U.S. counterparts. Overall, the Japanese labs
visited had a similar feel to labs in the United States. For example, NTT is quite similar in
a number of respects to Bell Labs or Bellcore, and ATR is similar to MCC in its earlier days.
The JTEC team saw projects that were similar to projects underway in the United States.
At most sites the team saw a standard suite of demonstration projects. They were
comparable in focus, approach, and execution to projects that visitors would see in most
U.S. HCI labs. In addition, the hardware and the software development environments that
the team saw were also quite similar to those employed in the United States.
While the character, focus, and general style of research was similar to current U.S. work,
there was considerably more activity in the areas of speech recognition, applications of
fuzzy logic, and facial animation than there is in U.S. labs. The former no doubt is
explained by the difficult interface problem that the Japanese language presents interface
designers, especially in a world market in which Roman alphabet interfaces are so
dominant. One can conjecture that the success of fuzzy logic in control applications in a
host of Japanese products, and the general importance of developing more adaptive
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interfaces, are reasons for the quite extensive Japanese fuzzy logic research activities. The
much greater interest in facial animation may arise from the same source as the
considerable recent interest in Japan in what is termed kansei engineering: it deals with all
of the noncognitive aspects of human experience with a view of how they might be
represented in a computer.
Work in Japan also parallels U.S. research activities in investing more in hardware than in
empirical investigations or software development environments. For example, as in the
United States, there are very expensive video-on-demand trials underway. The JTEC panel
visited one project that started in July 1994 and is to cost ¥10 billion (about $100 million)
over a three-year trial. Like similar U.S. projects, this effort could benefit from
incorporating a more user-centered design approach and more carefully planned empirical
evaluations. On the other hand, while it is not yet as strong as in the United States, there is
certainly a growing focus in Japan on cognitive science research and an appreciation of its
import for human-computer interaction. Cognitive science activities are particularly strong
at a few universities such as Chukyo, Hokkaido, and Keio, and at several industrial
research labs, especially NTT.
A final overall impression is of the importance of general corporate philosophies and the
key role given to human-computer interaction as a component of those philosophies.
Table 2.1 includes some examples.

Table 2.1
Corporate Philosophies
Omron

“To the machine, the work of the machine; to man, the thrill of future creation.”

NTT HIT Center

“A harmony of people, information, and technology.”

Fujitsu

“What mankind can dream, technology can achieve.”

PUBLICATIONS
One measure of HCI research activities is publication in the annual Human Factors in
Computing Systems Conference (CHI). Table 2.2 lists all the publications of researchers
from Japan since 1990. The majority of these papers are systems-oriented, most notably in
the area of graphics and video, and almost 80% of the work is from industrial research labs.
CHI publication statistics for Japan, Europe and North America are summarized in
Figure 2.1.
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Table 2.2
Japanese HCI Publications
YEAR
1990
1991

AUTHORS
Takaya Endo and Hiroshi Ishii, NTT
Kouichi Murakami and Hitomi Taguchi, Fujitsu
Kosuke Tatsukawa, NEC
Hirotada Ueda, Takafumi Miyatake, and Satoshi
Yoshizawa, Hitachi

1992

Hajime Nonogaki and Hirotada Ueda, Friend21
Research Center
Kyoichi Arai, Teruo Yokoyama, and Yutaka
Matsushita, Keio University
Hiroshi Ishii and Minoru Kobayashi, NTT
Hideaki Kuzuoka, University of Tokyo

1993

1994

1995

Yoshinobu Tonomura, Akihito Akutsu, Kiyotaka
Otsuji, and Toru Sadakata, NTT
Hirotada Ueda, Takafumi Miyatake, Shigeo
Sumino, and Akio Nagasaka, Hitachi
Akikazu Takeuchi and Katashi Nagao, Sony
Higaki Seiichi, Taninaka Hiroshi, and Moriya
Shinji, Tokyo Denki University
Masayuki Tani, Masato Horita, Kimiya Yamaashi,
Koichiro Tanikoshi, and Masayasu Futakawa,
Hitachi
Toshiyuki Masui and Ken Nakayama, Sharp and
University of Tokyo
Tomotsu Murakami, Kazuhiko Hayashi, Kasuhiro
Oikawa, and Naomasa Nakajima, University of
Tokyo
Toshifumi Arai, Kimiyoshi Machii, Soshiro
Kuzunuki, and Hiroshi Shojima, Hitachi
Toshiuki Masui, Kouichi Kashiwagi, and George
Borden, Sharp
Hajime Nonogaki and Hirotada Ueda, Fujitsu and
Hitachi
Minako Hashimoto and Masatomo Togasi,
Ochanomizu University
Shinji Nabeshima, Shinichirou Yamamoto,
Kiyoshi Agusa, and Toshio Tagushi, Nagoya
University and Yashima Electric
Masaki Kurosu and Kaori Kashimura, Hitachi

INSTITUTION
NTT Human Interface Laboratories
Gesture Recognition Using Recurrent Neural
Networks
Graphical Toolkit Approach To User Interface
Description
IMPACT: An Interactive Natural-MotionPicture Dedicated Multimedia Authoring
System
FRIEND21 Project: A Construction of 21st
Century Human Interface
A Window System with Leafing Through
Mode: Bookwindow
ClearBoard: A Seamless Medium for Shared
Drawing and Conversation with Eye Contact
Spatial
Workspace
Collaboration:
A
Sharedview Video Support System for Remote
Collaboration Capability
VideoMAP and VideoSpace: Tools for
Anatomizing Video Content
Automatic Structure Visualization for Video
Editing
Communicative Facial Display as a New
Conversational Modality
A Telewriting System on a LAN Using a Penbased Computer as Terminal
Courtyard: Integrating Shared Overview on a
Large Screen and Per-user Detail on Individual
Screens
Repeat and Predict: Two Keys to Efficient Text
Editing
DO-IT: Deformable Objects as Input Tools

InteractiveDESK: A Computer-Augmented Desk
Which Responds to Operations on Real Objects
Elastic Graphical Interfaces for Precise Data
Manipulation
FRIEND21 Project: Two-Tiered Architecture
for 21st-Century Human Interfaces
A Virtual Oval Keyboard and a Vector Input
Method for Pen-Based Input
MEMO-PEN: A New Input Device

Apparent Usability vs. Inherent Usability:
Experimental Analysis on the Determinants of
the Apparent Usability
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Fig. 2.1. CHI publications from Japan, Europe, and North America.

Figure 2.2 shows comparable data for HCI-related publications in ACM’s Symposium on
User Interface Software and Technology (UIST) in the five-year period 1990-1994,
submitted by researchers in Japan, Europe, and North America.

100
90
80

% of total

70
60

Japan

50

Europe

40

North America

30
20
10
0
90

91

92

93

94

Year

Fig. 2.2. UIST publications from Japan, Europe, and North America.
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SELECTED HCI PROJECTS
Descriptions of projects at two companies, NTT and Sony, help convey the state of HCI
research in Japan. NTT has one of the largest and most mature HCI efforts that the panel
saw. Sony has a relatively new lab that is different in character from most of the other labs
the panel visited. It was established in 1988 as a computer science research lab with a
strong emphasis on human-computer interaction. One project in each lab was chosen to
demonstrate novel hardware and software developments. The final result is an interesting
example of a laboratory organized to better integrate human-computer interaction work
within the overall framework of a large company.
ClearBoard Project (NTT)
NTT’s ClearBoard project is well known to the HCI community. It is a striking example of
excellent work with an innovative approach to the new area of computer-supported
cooperative work. The goals of the project are to explore new uses of video
communication technologies, maintain a continuity with existing work practice, and
provide a smooth transition between functional spaces. It began as the development of a
team workstation and has evolved through four prototypes to provide shared interpersonal
work spaces.
The ClearBoard (see Chapter 3, Fig. 3.3) uses a translucent video overlay technique to
create a panel through which distant participants can interact via a clear work surface.
Through the ClearBoard they can see each other as if they were on opposite sides of a glass
partition. The joint work is overlaid on this work surface and creates the collaboration
media. Sketches done by one person are reversed as they are transmitted so they appear
normally to each participant.
Navicam (Sony)
Sony’s Navicam is an example of an area that is becoming known as augmented reality.
Rather than an immersive approach such as that taken in artificial reality, in which users
are removed from the world to be placed in artificial worlds, this approach augments the
existing world. Researchers at Sony are developing a novel device that employs a camcorder
connected to a computer system that does real-time image processing. What this allows is
recognition of objects and the general location associated with the view in the camcorder.
Even without general object recognition, one can place easily recognized identification
(ID) tags in the world. The computing system, based on information associated with the ID
tags, can selectively place other information in the view that a user sees. For example, one
might use such augmented facilities to aid people in navigating through a space. The
system could paint directional arrows into the view that can be used to direct users to the
particular location they are seeking. With more advanced image processing techniques,
one can imagine a host of very useful applications. This general notion of augmenting the
real world via computation seems extremely powerful and interesting.
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HIT Laboratory (NTT)
The Human Information Technology (HIT) Lab is chartered to bring human interface
development to bear in the implementation of NTT’s products and operations systems. In
contrast to other HCI labs the panel visited, the HIT lab appears to have a much broader
view of human-computer interaction, a view that encompasses both organizational and
social issues in the use of computing. This idea is captured in the goal of constructing
macro and micro interface structures. The approach is related both to the situated
cognition approach in the United States and to the European approach of participatory
design. The goal is to aid in the design of work processes as well as the information
systems that are embedded in the overall organizational work context. HIT management
sees three main stages in developing a project: clarification and development of shared
understanding of problems, making plans for solving the problems, and execution of the
project.
As part of their design approach, HCI researchers view users as coparticipants in the design
process.
Through interviews, questionnaires, and observation, they develop an
understanding of what their clients’ main tasks are, what are problematic tasks and their
priority, and what are the political and social constraints on the potential solutions. Rapid
prototyping then provides concrete images for discussion between clients and system
designers and serves as a basis for negotiation and iteration.

SUMMARY
It appears that HCI research in Japan is very similar to work in the United States and
Europe. Although the difficulty of supporting the Japanese language in the interface,
particularly for input, has obviously had an impact, the best research work is competitive
with work going on anywhere.
As a percentage of total research effort, there seems to be much less basic research in Japan
than in the United States or Europe. In addition, there is a surprising lack of empirical
investigations of HCI systems. The major focus of activity is on development projects
(especially in the areas of video, graphics, and speech technologies) rather than basic
research. The JTEC panel saw basic research activities mainly in the area of fuzzy logic.
While there is vigorous activity in speech recognition, most work appears to consist of
application of existing techniques to the Japanese language. In contrast to the United
States and Europe, there is more activity in the area of noncognitive interactions such as
emotive expression. Finally, while Japan lags behind the United States and Europe, there
is a growing interest in situated cognition and participatory design approaches to HCI.
At present there seems to be a growing realization of the importance of HCI by Japanese
industrial labs, universities, and research funding organizations. Because the Japanese
culture is highly integrated in terms of education, industrial cooperation, and funding, it is
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likely that a shared perception of the importance of HCI will lead to rapid and dramatic
results.
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CHAPTER 3

NETWORK-BASED HUMAN-COMPUTER INTERACTION
Robert E. Kraut

This chapter describes some major differences in network-based human-computer
interaction research in Japan and the United States. It considers the use of computers as
communications devices among people, in support of both small groups and a networked
nation. It concludes that the United States is leading Japan in both domains.

COMPUTER-SUPPORTED COOPERATIVE WORK
Human-computer interaction involves the use of computers to support not just individuals
but also groups. Computer-supported cooperative work (CSCW) is the research domain
investigating the use of computers as if they were telecommunications devices to support
small-group, human-to-human communication. Research on this topic is important
because groups are a major mechanism that organizations use to get work accomplished.
The importance of groups and computer technology to support them is growing in response
to two organizational trends. One is the spatial distribution of organizations; the wide
geographic distribution of much research and development is typical of this trend. During
the 1980s, for example, software development at AT&T often involved system engineering
and requirements analysis performed by professionals in New Jersey who would send their
specification documents 2,000 miles away to Colorado for software engineers to code. The
success of the software development process depended on the success of communication
between those groups, as they tried to set priorities and resolve ambiguities in the
specifications (cf. Curtis, Krasner, and Iscoe 1988). Software development that is split
between the United States and India illustrates a need to coordinate communication across
time zones as well as space.
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The other major social change that is occurring is a disaggregation of organizations at
many levels. Downsizing, out-sourcing, and using temporary workers or professional
service firms are all examples of the trend. These trends accentuate the need to coordinate
communication across organizational boundaries as well as within them. In addition, they
place a special demand on organizations to better capture organizational memory — the
knowledge, procedures, and skills that organizations routinely accumulate as they go about
their business. This knowledge can be as mundane as knowing whom to call to have a
purchase order expedited or as critical to the mission as knowing why particular
development projects have failed in the past. During a time in which workers are only
loosely tied to their employers, organizations should not want their important information
to reside solely in the heads of workers who may not be with them for very long.
Most computer-supported cooperative work applications are designed to improve human
communication or to capture organizational memory. The Japanese are conducting little
research on CSCW, at least research that is visible to Western eyes. Figure 3.1 is a graph
of the number of publications in the major international conferences on CSCW over time.
In the early days, for example 1986, North American authors did virtually all the published
research. By the 1994 conference, that contribution had dropped to about 60% of the
published research. The percentage of research articles by European authors is increasing,
up to about 35%. In the most recent CSCW conference, Japanese authors published only
4% of the research articles. This disparity in publication occurs even though the Japanese
represented a sizable minority of the attendees at this conference.
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Fig. 3.1. The country of origin of articles published in the ACM’s Conference on
Computer-Supported Cooperative Work.

1994
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In comparing Japanese and American progress in computer-supported cooperative work
research, it is helpful to differentiate approaches to the research and also to differentiate
types of CSCW applications. One can identify two basic research approaches: empirical
studies and prototype development. Empirical studies investigate how groups actually
work with or without computers. They rely upon both quantitative and qualitative
empirical data collection and analysis methodologies derived from psychology, sociology,
anthropology, and other social sciences. The second approach to CSCW research is
prototype development, that is, making hardware and software applications to support
groups. The focus is improving the state of the art in applications or identifying
applications that serve new functions in supporting groups. Intermediate between the
empirical studies and prototype development are formative evaluations of CSCW
applications. The goal is to identify the features and the applications that are successful or
need improvement. These formative evaluations feed back into the redesign of the
computer application.
CSCW applications differ in two dimensions. The first is whether they support delayed or
real-time communication. Most people are familiar with delayed or asynchronous
communication applications, like voice mail, electronic mail, or computer bulletin boards,
which store messages. These can be contrasted with real-time or synchronous conferences,
chat-rooms, or MUDs (Multiuser Dimensions), which are virtual spaces in which people
can send messages back and forth to each other in almost real time (i.e., delay is measured
in fractions of a second). Many asynchronous and synchronous applications, such as
electronic mail, are designed for unrestricted communication, and they structure the
communication very little. They just let people type at or talk to each other.
CSCW applications also differ in the extent to which they structure human contact
(Galegher and Kraut 1990). In contrast to e-mail and MUDs, group memory systems, work
flow systems, and group decision support systems do not just use computing as a message
channel; they also use computer processing to impose structure on the communication. For
example, the Coordinator™ (Flores et al. 1988) was an electronic mail system that forced
users to classify their messages into categories such as “request” and “refusal of request.”
This categorization allowed the computer to identify if an answer to a request was overdue
and to take remedial action. Some Group Decision Support Systems (Nunamaker et al.
1991) provide a module for stakeholder analysis, a procedure that encourages groups to
consider the costs and benefits of a decision for a variety of stakeholders, some of whom
might not be represented among the decision makers. A popular module in Group
Decision Support Systems helps automate a decision technique known as policy capturing.
The module aids groups in breaking down a global decision into underlying criteria,
requiring them to rate decision alternatives against the criteria, and it then algebraically
combines their ratings to help them reach a global decision. The mechanisms make
decision makers more aware of the factors influencing their decision, and help them
systematically apply their decision criteria.
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Of the CSCW research conducted in Japan, virtually none adopts the empirical approach;
almost all of the research that does exist is in prototype development. Much of the
prototype development focuses on real-time communication rather than delayed
communication, and virtually none focuses on the use of computing to structure
communications. Virtually all of the Japanese research reported in the West is on videotelephony or video-conferencing of one sort or another.
Research on video-telephony — transmitting pictures of people in conversation along with
their voices — originated with AT&T Bell Labs in 1929 (Ives 1930). In the almost seven
decades since then, the goal of much of the research and development has been to improve
technology so that higher-quality images could be transmitted under limited bandwidth and
costs. Unfortunately, most behavioral research suggests that being able to see another
person in a conversation is not very important. There is a twenty-five year tradition of
research showing that communication is about the same, in terms of both process and
effectiveness, whether or not people can see their conversational partners (e.g., Chapanis et
al. 1972; Fish et al. 1993; Short, Williams, and Christie 1976). The irrelevance of a visual
channel is especially true when people in conversation are simply exchanging information.
Better quality images do not change this basic conclusion.
Even face-to-face
communication and telephone communication are very similar and accomplish the same
things.
While it is not very important to see the person you are talking to, especially for many
information-oriented, business conversations, it is very important to see what you are
talking about. To have a discussion about a document, for example, it helps for all parties
to have the document in front of them and to be able to easily identify what any speaker is
referring to or pointing at during the course of the conversation. The requirement is that
participants in a conversation share not only the document itself, but changes in the
document generated during the course of a meeting. In addition, it is very useful if they
can share pointing and other gestures over it. Currently, several computer applications are
commercially available to allow people to share computer-based documents of many types
(e.g., Farallon Computing 1988).
There are no good commercial products for sharing noncomputer-based artifacts at a
distance. Many of the CSCW video-conferencing prototypes coming out of Japanese labs
demonstrate innovative ways to solve this problem. Some of the best research in this genre
comes from Hiroshi Ishii’s lab at NTT, the giant Japanese telecommunications company.
The research labs of NTT are essentially indistinguishable from those of the major U.S.
telecommunications companies in terms of the breadth and depth of the research portfolio.
Ishii’s lab has designed and tested a series of related video-conferencing prototypes over
the past six years. The fundamental goal in Ishii’s program of research is to determine how
to seamlessly merge different streams of data onto a single frame or screen so that people
who are conversing with each other at a distance have all of them available. The streams
include the facial displays of the people with whom they are conversing, much as they
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would have in a traditional video-teleconferencing or video-telepathy format, and a shared
workspace for discussion or manipulation. In the first stages of this work, known as Team
Workstation (see Fig. 3.2), the shared workspace came from a camera focused on pieces of
paper. Using a system of transparent overlays, people in a conversation could see the
hands of their partners as they wrote or drew, and also saw the residue of the ink that they
left behind. Using this procedure, two people could draw on paper simultaneously. One of
the participants would write directly on the paper and the second would write on a
transparent overlay, superimposed on the paper. There were three major problems with
Ishii’s technique of using video for a shared workspace: (1) the resolution was insufficient
for most document-oriented work; (2) the video consumed substantially more bandwidth
than necessary; and (3) the shared workspace never existed except as a temporary overlay,
and therefore disappeared as soon as the telecommunication session was over.

Fig. 3.2. Team workstation.

In later iterations of this work, known as Clearboard (see Fig. 3.3), video images of the
participants in a conversation are overlaid with bitmaps of shared computer workspaces.
The effect is of two people conversing through a window or, more accurately, the glass on
the computer monitor; they can see and talk through the window, but also draw or type
over each other’s image (and each see all images and text in the appropriate spatial
orientation). Studies suggest that people use the system with more whimsy than they do
many other computer-supported work applications, for example by drawing mustaches and
beards over the faces of their partners. People use the facial overlay to remain aware of
what their partner is attending to. This gaze awareness is useful for managing turn-taking
and references to topics of conversation. While this solution solves the three problems
discussed previously, it is limited to the sharing of computer-based documents.
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Fig. 3.3. Clearboard application with systems architecture.
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The ATR virtual video-teleconferencing project is another prototype designed to allow
people in a conversation to share the artifacts that are the focus of their conversation. ATR
is a research consortium on telecommunication founded after the privatization of NTT and
funded by both industry and government. It conducts advanced research relevant to the
telecommunications industry. The ATR virtual video-teleconferencing project attempts to
use virtual reality as a way of transmitting information about both the faces of the people in
a conversation and the 3-dimensional objects they are talking about. Imagine engineers
and designers in several parts of the world discussing a model of a new automotive part, or
several chemists in a multinational corporation collaborating on synthesizing a new
molecule by trying to determine whether a chemical fragment fits into the already formed
framework of the molecule. In these cases, the participants in a teleconference would want
to see, touch, and manipulate 3-dimensional objects or synthesized models of them.
Figure 3.4 shows the ATR prototype in operation: A man is talking to a simulated head on
the conferencing screen. Each party is wearing virtual reality garb (glasses and a data
glove). Although the two parties are in different locations, they are jointly manipulating a
model of an aircraft at the same time as they are discussing it. The goal of researchers at
the ATR labs is to substitute computer cycles for telecommunications bandwidth. Rather
than transmit a video image of people and the object that they are discussing, the system
transmits commands that allow computers at each remote location to render the objects in
their current states. By having the participants interact with a virtual reality model of an
object, individuals from multiple sites can simultaneously operate the object.

Fig. 3.4. Virtual teleconferencing at ATR Laboratories.
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Another way to share 3-dimensional objects is to use video cameras to show them. This
differs from traditional video conferencing primarily by pointing the camera in a new
direction; rather than showing the speaker, the camera points it at the object being
discussed. A prototype from the University of Tokyo (Kuzuoka 1992) implements this
idea by having a field worker at a remote location wear a helmet mounted with a small
display and small camera. The output from the camera goes to a screen at another location;
a person at this location interacts with the screen, and that image is transmitted back to the
small head-mounted display. This type of arrangement could be valuable, for example,
among field technicians getting advice from office-based experts. Imagine a telephone
craftsperson on top of a telephone pole having trouble with forty-year-old parts. She might
call a supervisor at the garage who has had more experience. They can both see and point
to the equipment on the pole as they trade advice (Fig. 3.5).

Fig. 3.5. SharedView head-mounted camera and display.

The user interface for camera positioning in this early prototype was head movement. The
camera followed what the person wearing it was looking at. This reduced the effort that
the person controlling the camera had to expend in pointing it. However, there are many
conditions under which it would be useful for the remote party to have telecontrol of the
camera (e.g., for the remote party to search the periphery, while the person wearing the
camera was concentrating on a task). Telecontrol would allow the remote participant in the
conversation to have direct control of his or her visual environment. A later iteration,
called the GestureCam, provides this teleoperation (Kuzuoka, Kosuge, and Tanaka 1994).
The GestureCam is shown in Figure 3.6.
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Fig. 3.6. Telecontrol in GestureCam.

If these innovative video-telephony prototypes characterize the Japanese style of CSCW
research, they are as instructive for what they reveal about Japan’s deficits in this domain
as its research strengths. There are substantial subareas of CSCW research where the
Japanese have no presence. Consider research on group decision support systems, a CSCW
application for structuring group meetings that is common in business schools in North
America. Discussions with Japanese researchers and reading of annual reports from Japanese
firms show that Japanese are using group decision support systems as part of their business
practices, especially in software development (e.g., Fig. 3.7). However, the JTEC panel
uncovered no Japanese research programs to improve the state of the art in this domain.

Fig. 3.7. Use of a group decision support facility at NTT.
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A bigger lack is in basic research on human communication processes that provides the
theoretical understanding on which applied research projects are grounded. In the United
States, for example, work by Herbert Clark and his students (Clark 1992) attempts to articulate
the rules that people use to coordinate conversation. This research has been highly
influential in providing design guidelines to determine when different communication
modalities will be useful (e.g., Clark and Brennan 1991) and in understanding the failures
of new communication systems to improve communication (e.g., Whittaker and O’Conaill
1995). Our impression of Japanese research, in contrast, is that Japan’s communication
scholars are not in the forefront of the discipline, and that prototype development is
relatively uninfluenced by communications theory from either Japan or the West.

NATIONAL INFORMATION INFRASTRUCTURE
There are also distinct differences in the national information and global information
infrastructures in Japan and the United States. In the United States, changes in the national
telecommunications and information infrastructure are providing significant challenges for
human-computer interaction research and driving many of its advances.
The spread of home computing and the growth of the Internet and on-line services have
increased the heterogeneity of the population that needs to be served. No longer is the
typical computer user an educated, white-collar worker. Once computers move from the
workplace to home, they are used by a greater diversity of people doing a greater diversity
of tasks, from preschool children playing games and drawing, to non-English speakers
running a home business, to old people sending electronic mail and doing household
chores. Increases in the size of hard disks and the rise of the World Wide Web mean that
finding particular documents, distinguishing valuable information from rubbish, or organizing
information within the vast amount of communication and information that is available, are
daunting tasks. The size of the information space and the heterogeneity of the population
has accentuated problems of filtering and display for very different kinds of people. The
challenge of electronic commerce raises the problems of ensuring security and conducting
transactions in ways that people will find understandable and tolerable. Human-computer
interaction challenges are magnified when one is trying to achieve a networked nation.
Use of the Internet and on-line commercial services is less developed in Japan than in the
United States and, as a result, seems to be driving human-computer interaction research
less. Although the Japanese are making advances in developing a national information
infrastructure, the gap between the United States and Japan seems to be widening, rather
than narrowing, because sales of home computers and commercial activity involving the
Internet and on-line services are developing more rapidly in the United States than in Japan.
Moreover, the technological infrastructure on which the national information network is
based is less well developed in Japan than in the United States. Fewer households in Japan
than in the United States have personal computers. In 1994, fewer than 25% of Japanese
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households had a personal computer, compared to 37% in the United States (DentsuSouken 1995). Subscription to cable TV was substantially lower, with 26% of households
subscribing in Japan in 1994, versus 65% in the United States. Subscription to commercial
on-line services is substantially less and is growing less rapidly in Japan than in the United
States. Figure 3.8 shows that the growth in the major on-line services (like CompuServe,
Prodigy, and America On-Line) in the United States is faster than the growth in the major
Japanese on-line services, sponsored by NEC and Fujitsu.
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Fig. 3.8. Growth in on-line services in Japan and the United States (Dentsu-Souken 1995).

The major area where Japan is leading the United States is the deployment of ISDN, the
narrow-band digital network that has been available in Japan for several years, but is only
now being tariffed in the United States for residential customers. In 1994, Japan had over
200,000 ISDN lines available.
Although Internet activity in Japan is lagging behind that in the United States, it is
accelerating, and changes are occurring rapidly. The 1994 MITI budget (Ministry of
International Trade and Industry 1994), for example, focuses on national infrastructure
applications as a major area of investment. And the rationale MITI uses to justify this
investment is the gap between the Japanese and U.S. practice. English language World
Wide Web sites to monitor Internet activities in Japan include NTT’s web site
(http://www.ntt.jp/) and the Japanese Window project at Stanford University, the goal of
which is to provide an electronic window into technological and commercial activity in
Japan (http://jw.nttam.com/HOME/index.shtml).
One disincentive for individuals and organizations in Japan to use the Internet is the
extremely high cost of on-line access (as well as the cost of telecommunications generally).
Figure 3.9 is an advertisement from the Tokyo Internet Company, which claims rates 50%
cheaper than other commercial Internet providers in the Tokyo area. Yet its prices in July
1995 were ¥19,000 per month (or approximately $220.00 at the then-current exchange rate
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of ¥86 to $1) for dial-up Internet access, plus a $350.00 sign-up charge.1 In contrast, in New
York City virtually unlimited Internet access is available for approximately $25 per month.
Twenty to fifty dollars per month for dial-up Internet access is a typical U.S. price range.

Fig. 3.9. English-language advertisement for TokyoNet Internet access, July 1995.

Japan, like the United States, is sponsoring a number of commercial broadband network
trials. (See Chapter 4 for an overview of the broadband trials.) Like similar trials in the
United States, the Japanese trials have both a technology and a market research component.
NTT and other service providers want to know how to deliver broadband applications and
also want to understand what the consumer would be willing to pay for.
The broadband trial in the Seika-Nishikizu area of Japan is typical. The Association for the
Promotion of New Generation Services has the mission to run a field trial of broadband
telecommunications network services to the home. The trial, called Pilot Model Project
for New Generation Communications Network, connects 300 cable-TV subscribers who
were given optical fiber connections to their homes. The trial started in July 1994 and is
scheduled to continue for three years. The project provides 31-channel cable-TV
(including two high-definition channels); video on demand; image-based information
services, including department-store catalogs and transportation information; video game
delivery; and video telephone service. Other broadband services, including distance
education and home karaoke, are planned for the future.
1

JTEC/WTEC Staff Note: As of March 1996, Internet access fees in Japan have fallen substantially: the February 1996
issue of Intanetto Magajin (“Internet Magazine,” Impress Corp., No. 13, p. 286-287) lists prices as low as ¥10,000
(~$100.00) per year for unlimited analog (28.8 Kbps) service with no membership fee. Typical charges for high-quality
(i.e., unlimited ISDN, no membership fee) service are on the order of $50/mo. However, local phone charges for access
to internet providers remain high: installation of an ISDN phone line can cost as much as $1,000 (plus ~$130/mo. in
service charges).
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Unlike the comparable United States trials, which are funded exclusively by private
industry, the Japanese broadband trials have a substantial government subsidy. For
example, the Seika-Nishikizu trial is budgeted for approximately $150 million over its
three-year life, and is funded approximately 70% by the Communications Research
Laboratory of the Ministry of Posts and Telecommunications, with other funding coming
from NTT and a large number of information providers (e.g., Sega) and
telecommunications equipment providers (e.g., AT&T Japan). In contrast, U.S. government
subsidies have concentrated on computer and data networking trials, ranging from the
original ARPAnet research and development initiative to the more recent support for the
NSFnet and the High-Performance Computing and Communications (HPCC) initiatives. It
is likely that this differential allocation of government resources helps explain the relative
maturity of Internet infrastructure and use in the United States compared to Japan.

CONCLUSIONS
In the area of CSCW — using computers to support small group communication — Japan
is behind the United States in both the depth and breath of research. The research that does
exist focuses heavily on video-telephony applications, which many consider to be a lowpayoff topic, at least in the realm of business communication. Within the area of video
telephony, there is innovative research on ways to represent shared workspaces. In Japan,
research on asynchronous communication and on applications that structure
communication is much less evident than in the United States.
The most obvious gap in the Japanese research portfolio on CSCW involves empirical
research on the ways that groups operate and on the impact of CSCW technology on group
performance and process. Approximately one-third of U.S. research published in CSCW
conferences and journals is empirical. (A much larger proportion is empirical if one
includes basic research on communication, groups, and organizational processes conducted
in U.S. universities without any concern for its technological implications.) The Japanese
are not developing theory to help guide CSCW development. Nor do they have a tradition
of research that feeds back systematically collected data on the user’s experience with new
group technology to refine the technology itself. This failure to rely upon empirical studies
probably reflects the human-resource base for doing HCI research, which Professor Foley
refers to in Chapter 1. Japanese industry has not drawn upon cognitive and social
scientists, and Japanese academics have not been as concerned with applied questions as
have comparable social scientists in the United States.
In terms of a national information infrastructure, the United States is ahead of Japan in both
research and commercial practice. Growth in use of the Internet and the spread of home
computers are driving HCI development in both countries, but because of the differences in
infrastructure, they are driving development more in the United States than in Japan.
However, all indications are that Internet activity in Japan is accelerating.
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CHAPTER 4

CONSUMER DEVICES

AND

ENTERTAINMENT INTERFACES

Tim Skelly

DEEP BACKGROUND AND THE BIG PICTURE
Computers have become ubiquitous features in the landscape of everyday objects. Mostly,
they are hidden from the people who use them, embedded in other machines, as in the case
of automobiles. These computers provide service without any extraordinary or even visible
interface with the user. However, as power and flexibility become cheaper, the options for
control offered by even the most trivial consumer device can quickly overwhelm users and
the designers of these products. This, and the possibilities for interconnection between
devices, creates a situation where the ordinary consumer is placed in the position of
becoming, at least part-time, a programmer/technician. This has become a regular,
unpleasant surprise for most people buying electronic goods. Consumers rightfully expect
the tools and amusement activities they purchase to ease their lives, not make them more
complex. The success of the consumer electronics industry is based upon shortening the
distance between users and their desires. My goal was to determine what strategies, novel
and conventional, technical and psychological, are being developed in Japan to shorten that
immeasurable distance.
Before we left for Japan, the panel was asked to prepare a list of questions for our Japanese
hosts so that they could prepare themselves for our visit and tailor their presentations to our
interests. My questions, in accord with my opening comments, were these:
1. What factors do you feel you must take into account for international consumers?
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2. With consumer products becoming increasingly sophisticated and flexible, some
consumers feel many devices are too difficult to operate beyond a few simple functions.
Are you developing any strategies to deal with this problem of overload?
3. Is your work leading you towards user interfaces that are standardized across different
products, or do you find that the design solution for each product needs to be unique?
4. Do you believe that there are technologies (manufacturing, hardware, or software) not
yet available that will significantly affect how your products are designed in the future?
5. What role does product testing have in your work? Focus groups? Human factors?
6. In the context of HCI, how do you balance the number of features and capabilities of
your products against their eventual cost?
7. What HCI features do you consider to be the most important to the consumer?
8. Do the customs and habits of your users play a role in your design work? Do you feel it
is important to preserve cultural knowledge of how things are supposed to work and
behave?
Good questions, I thought, but I received few good answers.
Why?
Because Japanese industries are altogether too much like U.S. industries. That is,
technology comes first, industrial design second, and HCI gets squeezed in there
somewhere, usually in focus groups beforehand and user testing after the product is nearly
ready to go to market. This is an old rant of the HCI community, that HCI is not given an
important enough role in product development. I agree with this, but my opinion is
tempered by the verity of the consumer market — keep the cost down. Effective HCI is
cost-effective in the long run, in that it results in a better, and thus more popular, product.
However, in the short run, the costs associated with making products comprehensible and
easy to use are not cheap. For instance, today nearly half of the code in a modern personal
computer operating system is devoted either to help functions or to making the computer
handle technical chores that were once left to the user. It wasn’t until these operating
systems began to be judged by their ease of use that developers were willing to pay the
price required for a good HCI to be competitive.
In a volatile market such as personal electronics, products are rushed to market as cheaply
and as quickly as possible. There are two reasonable and pragmatic reasons for this. The
first reason is simple: the first person into a new market has an advantage. The second
reason for speed and extreme economy in production is that most consumer technologies
are novel. Who knows what people want in a personal digital assistant or on their
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interactive television? Why waste money adding and refining features when it isn’t even
known if consumers will pay for these devices at all?
Ironically, if a new product fails to succeed in its intended market, possibly because of poor
human factors or interface problems, the product is simply scrapped, and no postmortem is
performed to determine the cause of failure. As a result, no compelling reason is ever
discovered to argue for increased research and development in the area of HCI.
The process of product development, in the United States and Japan, usually breaks down
as follows:
1. A new technology appears.
2. Someone (usually with heavy marketing input) conceives of a product that can use, or
is improved by, the new technology.
3. Prototypes are mocked up by industrial designers, either foreign or domestic, and tested
with consumers for “appeal.” (They are not often tested for usability or ease of use,
because at this stage there are probably no working prototypes available.) Industrial
design in Japan, while very well done, does not differ significantly from that done
worldwide. You need only walk the aisles of the semiannual Consumer Electronics
Show to see proof of this.
4. After some testing for major problems, they build it, ship it, and cross their fingers.
Now, if a consumer product is successful, manufacturers and developers may begin to
listen to feedback from their customers and fix (or attempt to fix) problems that are
reported. But sometimes the fix is worse than the original problem, or features are added
simply because they are possible. Good HCI design is still regarded as an unnecessary luxury.
So, as I likely would have found in the United States, I received very little direct response
in Japan to my questions — probably because no one had ever bothered to consciously ask
or answer them before. The following are the answers I either perceived, received, or
inferred from prior experience. These are only my personal opinions, but I’ve seen, heard
about, and experienced much consumer product manufacturing and development.
1. What factors do you feel you must take into account for international consumers?
UNITED STATES: Make sure it’s in the right language and that the name of the
product isn’t insulting or stupid in that language.
JAPAN: Get people in the target country to design their version of the product.
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2. With consumer products becoming increasingly sophisticated and flexible, some
consumers feel many devices are too difficult to operate beyond a few simple functions.
Are you developing any strategies to deal with this problem of overload?
UNITED STATES: No, we haven’t given it much thought.
JAPAN: Same.
3. Is your work leading you towards user interfaces that are standardized across different
products, or do you find that the design solution for each product needs to be unique?
UNITED STATES: Mixed response. It depends if a product is original or a variation
on an established product. For instance, we want our product to operate similarly to
other established products of its kind, but better.
JAPAN: Same.
4. Do you believe that there are technologies (manufacturing, hardware, or software) not
yet available that will significantly affect how your products are designed in the future?
UNITED STATES: No, we don’t give it much thought beyond our next product.
JAPAN: Same.
5. What role does product testing have in your work? Focus groups? Human factors?
UNITED STATES: Again, a mixed result, depending on whether or not there already
exists a proven demand for the product.
JAPAN: Virtually unheard of [but with good reason — see below].
6. In the context of HCI, how do you balance the number of features and capabilities of
your products against their eventual cost?
UNITED STATES: No contest — make it as cheaply as possible.
JAPAN: Same.
7. What HCI features do you consider to be the most important to the consumer?
UNITED STATES: Whatever we think is important, unless they tell us, and then it
varies, product to product.
JAPAN: Same.
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8. Do the customs and habits of your users play a role in your design work? Do you feel it
is important to preserve cultural knowledge of how things are supposed to work and
behave?
UNITED STATES: Not very, if at all.
JAPAN: Yes, it is very important!!!
Over the last several years, the United States has been lagging seriously behind Japan in
one specific area of the entertainment market. Despite years of R&D, product design, and
testing, the United States appears to have gained little ground in its efforts to catch up to its
Japanese competitors. Rumor has it that this could have an effect upon trade relations with
Japan that is more serious than the automobile or Kodak furors, yet it is the United States’
own fault that we have yet to close THE KARAOKE GAP!
Ha, ha... Just joking, just joking. Why was karaoke developed and popularized in Japan
and not in the United States? Ask someone Japanese, I wouldn’t know. Why is it popular
in the United States? Karaoke is a cultural FLUKE! A lucky accident. But then, there are
plenty of examples like that in the United States. Maybe not as bizarre, but plenty.
Why is that? Two simple statements:
The United States has a heterogeneous culture. Japan has a homogeneous culture.
This isn’t to say that all individuals in Japan think and act alike — they don’t. Artists are
very unlike salarymen, salarymen are very unlike rural Japanese, and so on. But all three
groups understand and are embedded in Japanese cultural tradition and environment. The
people(s) of the United States do not all share a common heritage, nor is a single cultural
norm enforced (though some might disagree with the latter). This explains the few
differences in the answers to the questions I provided above:
Difference 1: What factors do you feel you must take into account for international
consumers?
UNITED STATES: Make sure it’s in the right language and that the name of the
product isn’t insulting or stupid in that language.
JAPAN: Get people in the target country to design their version of the product.
I was a part of the video game industry when it was still a solely American phenomenon.
That monopoly didn’t last long, of course, and the Japanese quickly began developing and
exporting excellent products, many of which became highly successful in the United
States. Little things like “Space Invaders” and “Pac-Man” were licensed and built by U.S.
companies but designed in Japan for the Japanese market. Despite their many successes,
Japanese video game companies, from the beginning to this day, have created American
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design groups in the United States to design products for the American market. This has
always puzzled me. Why go to the trouble? Having to manage a group of (young and
immature) Americans from halfway around the globe seems to be much trouble for not
much return — and, in fact, there never has been much return from these endeavors.
Over the years I have taken every possible occasion to ask many Japanese in the game
industry to explain this to me. Their answer has always been the same, “We want our
games for the American market to have the American...” feel, flavor, personality, you name
it. “But why?” I would ask. “Your games do just fine over here as is.” The people I
questioned would not (or could not) give me an answer.
American video game developers have always found it difficult to create games that are
successful on Japanese soil. This failure certainly has not been due to lack of effort on the
part of American developers to target that market, nor has it been due to restrictions, tariffs,
or any other trade barrier. Sega, for instance, established just after World War II, was until
very recently an American-owned company with all principal operations in Japan. When I
worked for a U.S.-based, Sega-owned game company, we still found it difficult to create
games that would appeal to the Japanese. And that was the problem. It wasn’t that we
couldn’t sell our product into the Japanese market; it was that we, Americans, were not
Japanese. The dense, complex, and ancient Japanese culture was (and is) something that
the Japanese believe you have to be born into to truly be a member of.
This isn’t to say that the Japanese have not found much of American culture to their liking.
For example, see the promotional image (Fig. 4.1) for the Sony Playstation entertainment
titled 1950 American Dreams — which features cartoon iconography from not one but
several American decades. No, for Americans to purposely and consciously design a product
that will appeal to the Japanese is as futile as designing artwork for bears — how could
U.S. designers possibly know what would entertain Japanese consumers? Again, refer to
1950 American Dreams. Does it amuse you, and if so, are you amused for the reason intended
by its designers? If you do not read Japanese, can you even guess the purpose of this product?
It is a hard idea for Americans to grasp, given that we have no singular culture and we still
somehow manage to produce goods and amusements that have universal appeal. But it is
the only possible explanation for why Japanese game companies find it essential to have
Americans design games for the American market.
I understand that some people may have reservations about this hypothesis, and I could be
misinterpreting events as I have viewed them. However, I have one (of many) concrete
examples to back up my theory. When Sega of Japan developed the game Sonic the
Hedgehog, the parent company in Japan did not want it distributed and sold in the United
States because they felt it was “too Japanese.” Luckily, the head of Sega of America
disagreed, and Sonic and his spin-offs have earned, mostly in the United States, nearly two
billion dollars.
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Fig. 4.1. 1950 American Dreams (Sony).

In short, since the Japanese feel that no outsider can design consumer products specifically
for them, they also believe that they need the assistance of developers within their targeted
country to develop the product for that country. Not a bad idea, but a bit overdone, in my
opinion.
One last example taken directly from the JTEC panel’s experiences in Japan: On a visit to
IBM in Japan, members of our group observed (but were not officially shown) a very small
IBM laptop computer — one much smaller than models available in the United States.
When asked if the laptop was about to be introduced in the United States, our group was
told that the machine was intended for the Japanese market only, because the keyboard was
too small for Americans. Our hosts seemed unmoved by the argument (made by a female
member of the JTEC team) that many American women have small fingers.
Difference 2: What role does product testing have in your work? Focus groups?
Human factors?
UNITED STATES: Again, a mixed result depending on whether or not there already
exists a proven demand for the product.
JAPAN: Virtually unheard of, but with good reason.
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The Japanese appear to feel that if you are truly Japanese (born into the culture), then you
are like other Japanese at a fundamental level. Therefore, if the product being developed
feels right and is satisfactory to the Japanese who are developing it, then most Japanese
will feel the same way. This appears to be true, certainly to a much larger degree than what
one would experience in other countries.
Difference 3: Do the customs and habits of your users play a role in your design
work? Do you feel it is important to preserve cultural knowledge of how things are
supposed to work and behave?
UNITED STATES: Not very, if at all.
JAPAN: Yes, it is very important!!!
I believe I have already said more than enough on this topic. But let me give you an
example of how living in Japan can affect consumer product design: Earlier I mentioned
environment as a cultural factor in Japan. One reason for this is that there is an extreme
(by American standards) lack of personal space in Japan. It affects the lives of the
Japanese in many significant ways — for instance, in the cost of goods and housing, the
necessity for social order, and the desire for cleanliness (if for no other reason than the
even more extreme close personal proximity of other travelers on some Japanese commuter
trains.)
Late one evening as the panel passed through a Tokyo district known as a hangout for
teenagers, we were interested to note the large number of neatly dressed young women and
young men and the mild atmosphere of “see and be seen.” We asked Dr. Gene Gregory
(our guide and personal trainer) if it was unusual for young women to hang out at this late
hour. He informed us that due to the small size of family quarters in Tokyo, the children,
once a certain age, are encouraged to go out in the evenings so that the parents can enjoy
some relative peace and extra space. The streets in Tokyo are quite safe in the evenings, so
this social solution (not regarded as a good practice for American families) to a spatial
problem is quite reasonable.
The tight quarters of Tokyo has also led to another cultural phenomena. For families with
younger children who must stay home in the evenings, the Nintendo game console has
proved to be a great boon. The Nintendo and later, Sega home game units have given
small children an activity they can enjoy in a limited space without making an undo
amount of noise. I had this theory confirmed for me one evening when the panel was being
entertained by employees of Japanese Rail. Hoping to make some cultural connection, I
mentioned to one young man that I had been the art director for Sonic the Hedgehog II. His
reaction was quite surprising to me — he claimed never to have heard of Sonic (despite the
fact that his image is plastered across Sega entertainment centers across Japan) and
informed me that home video games were “for the small child.”
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As I have alluded to earlier, analysis becomes guesswork when an American probes
Japanese culture. However, our panel did observe one trend in HCI design that several
Japanese corporations shared, and with far greater emphasis than is found in the United
States. At Microsoft, we call it “the social interface,” as illustrated by Peedy the Parrot
(Fig. 4.2), the star of Microsoft Research’s Persona project, and the recently released
Microsoft BOB. The Japanese embrace a more all-encompassing design philosophy
known as kansai. Broadly, this means taking a more human-oriented approach to HCI
design. But specifically, whatever name one chooses to use, the fundamental idea behind
the work we observed is to make computers behave as humans would, obeying social rules
and communicating with emotional feedback.

Fig. 4.2. “Peedy the Parrot” (Microsoft).

For example, Dr. Shuzo Morita, Deputy General Manager of Fujitsu Laboratories Ltd.,
presented a video of his work with artificial creatures (Fig. 4.3). An “immersion” effect
was achieved for the audience with a very large screen rather than head-mounted displays,
allowing multiple users to participate. As Dr. Morita is fundamentally interested in
exploring the emotional side of human-computer interaction, his creatures did not speak
(though they did sing) and behaved rather like playful pets. Another experiment with these
creatures, which incorporated broadcast video and phone-in callers, produced an
entertaining example of “interactive television.”
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Fig. 4.3. Artificial creatures (Fujitsu).

Probably the most captivating demonstration, though, was an entertainment product
currently under development. Called “Teo, another Earth,” it featured an extremely wellexecuted refinement of Dr. Morita’s artificial creatures. “Phink” (renamed “Phin” for
English-speaking audiences), the featured character in this product, is a dolphin-shaped
bird that sings, eats, and generally behaves like a shy wild creature that gradually befriends
the user (Fig. 4.4). It was very charming, and while designed for entertainment purposes, it
nonetheless points the way to more emotionally engaging (and supportive) computer
interfaces. Fujitsu has taken the project quite seriously, using the talents of several inhouse programmers and a full animation team of about twenty-five.
Another demonstration of the use of emotional “gesture” took place at Sony. Senior
Researcher at Sony Computer Science Laboratory Inc., Dr. Akikazu Takeuchi, is doing
research focused on facial expressions, voice tones, and gestures, and how they express
emotions and feelings. The SCSL staff believe that this research will help to introduce
emotional factors into human-computer interactions. As Dr. Takeuchi put it, “In the future,
a virtual human, which can interact emotionally with a real human through a display and a
video camera, may be a reality.”
Dr. Takeuchi showed video tapes of two examples of his system in trials. The first
presented the face of his son (mapped onto a 3-D model) answering questions about new
Sony products (Fig. 4.5).
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Fig. 4.4. Fujitsu’s “Phin” (formerly “Phink”).

Fig. 4.5. Virtual human expressions (Sony).
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This version of the system uses speech recognition and synthesis, syntactic and semantic
analysis, plan recognition, response generation, and most interestingly, correspondence
between conversational situations and facial displays. In the demonstration, the user asked
questions of the boy’s image on the computer screen. The system then interpreted the
question, planned an appropriate response and animated the boy’s image with both lip
movement and emotional facial responses.
Dr. Takeuchi’s second system involved two users playing a card game. The cards were
displayed upon the screen, along with a woman’s face. Through various facial gestures the
computer attempted to give hints and encouragement to one of the players. A video camera
was used as input to detect the position of the players.
Dr. Shigeru Akamatsu of ATR Human Information Processing Research Laboratories
heads a group of researchers studying different aspects of the human face, primarily to
advance telecommunications. One extremely interesting off-shoot of the work we saw was
a system that could combine facial images to produce the “ideal” image for representing a
certain emotion or communicative attitude — for example, “gentle” or “fierce” (Fig. 4.6).
This is a system quite wider in range than the Facial Action Coding System developed by
Ekman and Friesen. That study attempted to identify facial positions that were recognized
as representing the same emotions in all cultures. The resulting collection was a mere
seven faces, hardly the full catalogue of human facial communication. The ATR system,
based on a database of thousands of images of Japanese faces, appears to be capable of
synthesizing a much broader range of human emotion.

Fig. 4.6. “Gentle” and “Fierce” (ATR).

Again, this is a system strongly rooted in Japanese culture. But at least in this instance, the
same technique could be used with some certainty to identify and synthesize comparable
facial “words” for other cultures as well.
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GAMES!
The panel members did not visit the R&D labs of Sega, Nintendo, or any other Japanese
game company. This was because, due to our over-crowded schedule, I volunteered to pass up
these visits. I was already quite familiar with the Sega R&D labs and its director,
Mr. Suzuki. As for the other sites, I knew from personal experience in the highly secretive
game industry that we would be shown little or nothing of product development at those
locations. Indeed, at one of our visits a scheduled presentation on a game system was canceled.
On another visit, when it was mentioned that chips made by the host company were used in a
particular game system, we were asked later not to mention the relationship in our report.
Despite this lack of direct contact, I will still comment on the relative positions of the
United States and Japan in the current video game market.
Others in our group and outside of it have stated that Japan’s industries are based primarily
on manufacturing. Even if this were not true, it certainly could be said of the Japanese
game business. Even though, as I have described in detail, the Japanese do develop game
software, it is in the area of hardware development and distribution that they excel.
Sega has always specialized in large-scale coin-operated amusement devices. Today, its
huge entertainment centers feature eight-player Indy car racing simulators with full-sized
car bodies mounted on motion platforms, two-person motion-based simulator rides, and
rides that twirl a video game player in 360 degrees on three axes. The meat and potatoes of
Sega’s business remains coin-operated video games, but even these have grown in size and
complexity.
Nintendo, also a participant in the early days of coin-operated video games, revived the
moribund home console game business when it introduced its platform in the early 1980s.
With millions of old Atari, Coleco, and Mattel machines gathering dust in closets across
the United States, American toy distributors were adamant about not carrying yet another
game machine. Nintendo skirted this problem by attaching a toy robot to its system and
selling it as an “interactive robot” that just happened to play video games with the user as a
side benefit. Needless to say, it may have been the robot that got the consoles into toy
stores, but it was the game machine that kept it there.
What kept Nintendo itself in the clover was the way that it dealt with its software
developers. A potential developer was originally required to put up a large sum of money
simply for the privilege of becoming a licensed developer. It was then up to Nintendo,
based on the company’s own whims, to decide if it would sell proprietary encoded chips
and cartridges to the developer, who was responsible for all marketing and advertising. It
just got worse from there. Several game developers made millions; many more went
bankrupt because either Nintendo would not sell them enough chips or, worse, Nintendo
decided to sell them none at all. This was especially disastrous because the licensing
agreement prohibited the developer from porting the game to any other platform.
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Competition from Sega has since forced Nintendo to enter into more liberal agreements
with its developers, but fundamentally, Nintendo is not in the game business, it is in the
cartridge-and-chip manufacturing and sales business.
In the United States, attempts to compete in the home game hardware arena have been
failures. Both the much-hyped 3DO machine and the Atari Jaguar appear to be on their
way to extinction. The 3DO business model was an especially bad idea. The company
licensed the rights to build and sell the game platforms (the razor) while retaining the rights
to license and collect royalties from software developers (the razor blades). What Sega and
Nintendo already knew was that profits from the software subsidizes the hardware. The
3DO model prevented the hardware licensees from dropping the price of the player to
competitive levels. As for the Atari Jaguar, probably it just didn’t offer much more to the
player than existing platforms and had too few games that ran on it.
While at least one American coin-operated video game developer, Williams
Electronics/Bally Midway (the original developer of the infamous and extremely popular
Mortal Kombat), is doing quite well, the Japanese now maintain dominance in the
coin-operated game market.
It now appears that the best hope for American game developers is the personal computer.
During the time when the JTEC panel was in Japan, there was a platform war heating up.
Sega was introducing its “Saturn” machine, with Sony going toe-to-toe with its Playstation
(Fig. 4.7). Both machines are much superior to the current Nintendo Super NES, but
Nintendo, as of this writing, is making a go of it by offering quite good games, such as
Donkey Kong Country (Fig. 4.8), that do not require players to buy a new hardware
platform. Even so, also as of this writing, initial sales of the Sega Saturn have been
disappointing and there is little information about the sales of the Sony Playstation. But if
the Saturn isn’t flying off the shelves, then there is little reason to believe the Playstation
will fare much better.
But American personal computers, running American operating systems, are now
becoming capable of offering superior game play on a platform that continues to grow in
popularity, largely because it is usually purchased for many purposes other than just
playing games. Only time will tell how this competition in the interactive entertainment
market will develop, but it looks good for the personal computer.

Tim Skelly

Fig. 4.7. Sony’s Playstation.

Fig. 4.8. Nintendo’s Donkey Kong Country.
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CONCLUSION
I haven’t written much about our visits to individual sites, mainly because we were shown
little that related directly to my topic. However, I did come away with some observations
about the Japanese attitude towards consumers.
Adult Americans seem to have a fear of being perceived as liking things considered by our
culture to be “for children.” For instance, in Japan and Europe comic books, graphic
novels or manga, whatever they are called, are considered to be fit reading material for
adults. In the United States reading comic books is considered by the bulk of the populace
to be embarrassingly child-like. The American culture, such as it is, likes to take itself
seriously. This may be our inherited sense of inferiority to our European ancestors, but the
Japanese do not suffer from this. They use cartoon-like iconography on street signs and
have a love of bright colors and all things playful. This was especially visible in our trip to
Fujitsu, where we saw demonstrations of colorful imaginary characters interacting with
adults and children alike. I cannot even begin to comment on the content of Japanese
television, which must be seen to be believed.
Perhaps what impressed me most was that the Japanese appear to be less interested in
making more money (although they certainly are competitive in that area) than they are in
creating a superior culture and quality of life for themselves. I believe Americans could
use a little more of that attitude.
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CHAPTER 5

TECHNOLOGY AND TOOLS
FOR PEOPLE WITH DISABILITIES
Ephraim P. Glinert

INTRODUCTION
The power and affordability of today's computers, coupled with the flexibility of modern
software, and further augmented by an almost endless variety of input/output devices, have
the potential to unlock the door to rich and productive lives for people with disabilities of
all kinds, whether their impairments are physical or cognitive, whether congenital or a
consequence of chronic disease, whether due to unfortunate accident or the inevitable
outcome of the natural aging process. Most of those lucky enough to live long will either
experience a disability of some kind themselves, or watch friends or family members
become so affected.
But progress can be a two-edged sword! If advances in computer technology, and
especially interface technology, can herald a blessing, they can equally well harbor a curse.
Explosive growth in the use of multimedia, for example, now threatens to relegate large
communities of people (e.g., those with hearing impairments), who were in the past able to
fully utilize computers, to the ranks of second-class citizens, much as happened to blind
people with the proliferation of graphical user interfaces (GUIs). The challenge, then, is to
design and build systems that afford access for people with disabilities to the same tools
everybody else is using, especially in the workplace. Experience has shown that it is not
just a matter of the right thing to do; in the end, the additional facilities developed to
accommodate special needs will likely turn out to be of value to the general user
community as well.
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Several Japanese hosts told the JTEC panel that there are an estimated 350,000 visually
impaired people in Japan today, about 20% of whom are actually blind. Statistics
regarding the incidence of other disabilities were not provided. Developments related to
computer technology in general will, as in the past, undoubtedly have a marked impact on
these communities. New voice input/output (I/O) technology evolving at many of the sites
that the panel visited will inevitably prove highly beneficial to people who are blind, while
the algorithms that support the technology will lead to even more sophisticated hearing
aids. Research into mechanisms for direct brain-to-machine communication, a topic that
turned out to be of interest to teams at a couple of sites, will, when and if successful, be a
boon for people who suffer from severe motor and speech impairments. The predictability
of such indirect effects notwithstanding, this chapter reports primarily on efforts that are
specifically classified by the researchers involved as assistive technology. The survey of
individual projects in the following section is arranged in alphabetical order, according to
the name of the organization involved.

RESEARCH PROJECTS AT INDIVIDUAL SITES
ATR (Advanced Telecommunications Research Institute International)
This organization has no projects in progress directly aimed at helping people with
disabilities as such, nor are any currently planned, but a virtual reality system is being
designed to allow elderly people who lack mobility to “go” outside.
Canon
Since 1977 Canon has manufactured products of its own design for people with
disabilities, in addition to offering customized versions for the local market of products
developed by TeleSensory Corporation (see Fig. 5.1). It also provides seminars and
training courses for users and special education teachers, some of which are partly funded
by the Japanese government. The Corporate Welfare Division, which is in charge of all
these activities, currently consists of about 20 staff members in 4 departments: planning,
R&D, marketing and sales, and technical services. The unit is now beginning a push for
“universal design” to assure accessibility of all future company products.
A
height-adjustable photocopier is currently available, but is just a first step, according to
company representatives. Documents on this topic were, at the time of the JTEC visit, in
press for planned June 1995 release and internal distribution; the panelists were told that
these would be updated and issued thereafter on a quarterly basis. Some of Canon’s
current products are listed below.
Canon/TeleSensory Optacon II System
Originally introduced in the early 1970s, this is a portable reading device for people who
are blind that does not rely on a knowledge of Braille. It consists of a tiny camera tethered
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Fig. 5.1. History of Canon’s welfare activities.
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to a tactile array of 5 x 20 pins covering an area approximately 1 inch long by 0.5 inches
wide. As the user moves the camera over the surface on which the information is printed or
displayed, the scanned image is converted into a vibrating tactile form which the user can
sense with his/her fingertip. The device can also effectively convey simple graphics (e.g.,
straight lines) as well as text. When reading kanji (Japanese pictographic characters), it
isn't always possible to display an entire character at once, in which case the user must scan
the left and right halves separately.
Canon/TeleSensory PowerBraille 40 and BrailleMate 2 or 2+2
These products are Braille output and input devices, respectively, for personal computers
and laptops. Both have been adapted by Canon for the Japanese market. In the
PowerBraille 40, for example, special software has been developed to allow use of two or
even three Braille cells to represent a single kanji character when required.
Canon/TeleSensory Aladdin
This product is a closed-circuit TV reading device for people with low vision. Material to
be read is placed on a platform under a camera, which displays a highly magnified image
on a screen positioned so that it is at eye level and easily accessible. Four simple switches
and dials control all functionality: on/off, focus, magnification (4x – 20x), and display
mode (normal black on white versus reverse video, high contrast versus gray scale).
Aladdin costs approximately ¥150,000 (about $1,500) less than older units with similar
capabilities.
Canon Communicator CC-7S/CC-7P
A portable augmentative communication device, the Canon Communicator is about the size
of a postcard, and is for people with speech impairments. Text is typed in by the user on a
QWERTY-style keyboard that responds to very light touch and never requires simultaneous
depression of multiple keys (sequential key presses suffice to accomplish all functions);
this is in recognition of the fact that potential users include people who have suffered
traumatic head injuries, or who have diseases such as multiple sclerosis or cerebral palsy,
where motor control of the hands is adversely affected in conjunction with loss of speech.
The unit comes with a built-in memory to store frequently needed words and phrases. It
can record and play back voice and generate printed output, as desired, the latter on a thin
tape (a compromise selected to allow use of existing reliable and cheap technology).
Optional accessories include an LCD display and a wheelchair bracket. A single large
button/switch can be attached as a supplementary input device, to accommodate people
with severe motor impairments, and the system can then be set to automatically and
repeatedly cycle through all row/column key combinations (marked by small illuminated
indicator LEDs at the edges of the unit) so the user can select what to say.
This device is not an adaptation of a TeleSensory product. See Figure 5.2.
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Fig. 5.2. Canon CC-7S -- “Communication Aid for People with Speech Disorders.”

As explained in the Canon site report (see Appendix C), Canon expects to lose money on
the Welfare Group's activities, despite heavy government subsidies available to qualified
purchasers of its products.
ETL (MITI’s Electrotechnical Laboratory)
ETL has a group led by Dr. Fumiaki Tomita that is developing a system to support
acquisition of visual information by the blind (Fig. 5.3). The prototype hardware and
software have to date cost ¥8 million (about $80,000), and includes a pair of video cameras
for stereo image capture (bottom center of Fig. 5.3), a computer (upper left of Fig. 5.3), and
a custom-built 16 x 16 pin (175 mm x 175 mm) display in which each of the touchsensitive pins can be positioned by a stepper motor within a range of 0-6 mm above the
base plate in increments of 1 mm (center and right of Fig. 5.3). The software currently
supports three kinds of tactile images:
•
•
•

a single raised pin indicating the relative location of each object in a multiobject scene
the outline of a single object
a three-dimensional image of the front portion of an object
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Fig. 5.3. Components of ETL’s visual information system.

In the future, Dr. Tomita’s group intends to add voice output and to associate some system
functionality with pin presses so that, for example, the user will be able to learn which
object is located where by pressing the single pin that represents it in the multiobject image.
Fujitsu
The Personal Systems Laboratory, one of five research laboratories maintained by Fujitsu,
is especially interested in medical applications. It is to be commended for not shying away
from investigating even the most speculative ideas for new I/O devices. One effort in this
category involves attaching sensors to the various parts of the hand. The user then merely
tenses appropriate muscles to control cursor movement on the screen. Initial experiments
with two and three sensors have had some success; although subjects report the effort
required to be “very tiring” they were able to correctly, albeit slowly, select digits using
two sensors and letters using three. These results have led the team to design a more
ambitious, and as yet untested, bipedal robot walking chair in which the user tenses various
posterior muscles to control motion. Although in the early stages, projects such as these
have clear and fascinating implications for people with motor impairments.
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Matsushita
Matsushita has an extremely strong commitment to research related to speech and hearing
technology. It maintains the Panasonic Speech Technology Laboratory (STL) in Santa
Barbara, California, and had at the time of the JTEC visit organized and sponsored two
international symposia on the speech and hearing sciences in Osaka, the first in 1991 and
the second in 1994. Research projects often have a ten-year time line, whereas the norm in
Japan is five years. Two subareas where the company has achieved substantial and significant
accomplishments are hearing aid technology and training profoundly deaf children to
speak. In all cases, the emphasis is on affordable solutions. Drs. Yoshinori Yamada and
Yoshiyuki Yoshizumi, along with other members of their teams, presented some of this
work to the JTEC panel in a soundproof room located in their research laboratories.
Hearing aid technology
Investigation of techniques to improve hearing aids began about five years ago, and has
been supported by MITI. About twenty researchers in Japan and twenty more at STL are
involved. The algorithms developed process the input stream in four stages:
•
•
•
•

suppression of impulsive sounds (e.g., a door slamming) that may otherwise mask speech
three-channel compression
consonant enhancement
spectral shaping to enhance higher frequencies (work in progress)

All the electronics fit on a small card about 2 inches square, and the entire product is
attractively designed and small enough (59 x 63 x 26 mm) and light enough (just 98 grams)
to easily fit into any pocket. Plans are to include an EPROM in a future model to store
individual user parameters.
In addition to hearing aids, devices of potential benefit to blind users as well as to people
with other types of disabilities have been developed based on the company's speech input
technology. Examples include a voice-activated VCR controller which was marketed
about four years ago but was a commercial failure because consumers were unwilling to
pay the extra $20-$30, and a prototype speaker-independent ticket vending machine
currently installed at the Japan Rail Shinagawa Station, which employs word spotter
algorithms to identify the user's destination.
Computer-Integrated Speech Training Aid (CISTA)
Matsushita developed CISTA to help train profoundly deaf people to speak. Sensors
monitor the subject's nose, neck, tongue, and airflow (Fig. 5.4). The tongue sensor
contains 63 electrodes to support high-precision modeling of the contact pattern between
the tongue and hard palate. A total of about 10 parameters (Fig. 5.5) are extracted as the
subject attempts to speak into a microphone; on-screen graphical feedback then allows the
subject to improve performance on future trials (Fig. 5.6).
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Fig. 5.4. CISTA sensors worn by a student (Matsushita).

Fig. 5.5. Block Diagram of CISTA (Matsushita).
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Fig. 5.6. Example of speech training program for Japanese syllables (Matsushita).

Many of the displays are designed especially to hold the interest of children (e.g., the height
to which a basketball bounces indicates the strength of airflow, a turtle's shell lights up to
show actual versus desired tongue position, etc.).
The first version of CISTA was made commercially available in Japan about five years
ago, and 108 schools for the deaf throughout the country purchased over 200 units. Reports
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indicate that with sufficient training, the system enables subjects to improve their speaking
abilities on their own as well as, or even significantly better than, would be the case if a
human teacher were present. A special version of the system is available for teachers for
the deaf; an English-language version is currently being developed in collaboration with
STL. A rather old (and cheap) IBM PC was used to run the demo, but panelists were told
that the newer models would be designed on a more modern IBM laptop platform.
NEC
Osamu Iseki described some of the research underway at the Kansai laboratories, with
emphasis on work related to barrier-free interfaces for the elderly and for people with
disabilities. A particular focus was an auditory touchscreen display for blind users. The
prototype system provides feedback as the cursor is moved across screen entities such as
icons and windows, or hits borders (see Fig. 5.7). At present, text or voice output only is
generated, in response to user touch or action, but Braille and image pin enhancements are
planned for the future. In initial tests, blind subjects said they did not think the current
version would be a good I/O device for daily use, because it was difficult for them to
search on a surface without system guidance.

Fig. 5.7. Auditory touchscreen display (NEC).

Ephraim P. Glinert

63

This work is part of a recently-begun joint effort by NEC, IBM/Japan, and Hitachi to develop
an adaptive multimedia barrier-free interface for the elderly and for differently-abled users
(NEC terminology). The five year effort will run through 1998, and is being funded by
MITI through NEDO (the New Energy and Industrial Technology Development
Organization) at a level of ¥500 million in total. NEC, the managing company for the
consortium, is responsible for providing nonvisual access to the GUI, while IBM/Japan is
developing a graphics reader and Hitachi is working on spatial sound displays.
NTT
Nippon Telegraph and Telephone (NTT) has developed a system for evaluating hearing
disabilities. The system measures the exact level of hearing, the differences between the
left and right ears, and which sounds are difficult to hear. Company researchers are now
trying to develop technology for a new generation of hearing aids that can amplify the
human voice while ignoring other sounds.
Omron
Omron produces a special version of its banking ATM for people with disabilities, which is
situated lower than the regular version to accommodate people in wheelchairs, and which
provides voice output as well. Omron’s digital readout thermometers and blood pressure
monitors, although not intended specifically for people with disabilities, are useful to those
with low vision. The company now places great emphasis on research related to fuzzy logic,
with products belonging to this family (e.g., a module for color photocopiers to detect and
defeat efforts to reproduce banknotes) currently accounting for approximately 25% of
annual sales. A project in progress that uses fuzzy logic technology with the goal of
helping people with disabilities is an image-understanding system that is intended to form
the core of a navigation support system for the blind. Figure 5.8 shows a system diagram.
The prototype of Omron’s navigational support system runs on a SPARC 20 with Datacell
frame grabber and Verbex Speech Commander speech recognition system. Voice I/O is
supported. In response to user queries such as:
“Where is the telephone?”
the system generates output like the following within a couple of seconds:
“Something like a telephone is around left on the desk.”
“A chair is slightly left of the desk.”
“Something greenish about the size of a clock is around the middle of the desk.”
There are currently about a dozen items in the database, all of which might typically be
found in an office environment. Just three parameters are recognized for each object:
color, size, and position. Training for new objects is carried out by selecting parameter
values from menus, and is claimed to be fast.
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Fig. 5.8. Image understanding for a navigation support system (M. Kawade, N. Tabata, Omron).

TRON
The director of TRON, Dr. Ken Sakamura of the University of Tokyo, and his team of
about thirty researchers have, since 1984, been pursuing their vision of ubiquitous
computing that is usable by everybody, including people with disabilities, for whom special
“enable-ware” is to be designed and built into the various TRON subsystems, as required.
The model TK1 ergonomically designed input device, for example, incorporates a split and
tilted kanji keyboard, together with a writing tablet and electronic stylus (Fig. 5.9). It is
available from Personal Media Corporation of Tokyo. The TRON project is noteworthy in
that it is, for Japan, a rare university effort, funded by a consortium of industrial partners
(at the time of the JTEC visit they numbered 69), and having no government support.
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Fig. 5.9. TRON TK1 input device (Personal Media Corp.).

DISCUSSION
Japanese society has a tradition of caring for those with disabilities. JTEC panelists were
told by their guide that already in the time of the Shoguns certain occupations related to
what might be termed chiropractic medicine (e.g., acupuncture and massage) were reserved
for blind people. Traffic lights at busy intersections in modern Tokyo issue “bird calls” to
signal blind pedestrians when it is safe to cross the street; both street corners and subway
stations are equipped with inlaid strips of bumpy, bright yellow material to safely guide
those who are blind or have low vision to the edge of the curb or platform.
On the other hand, it is clear that people in wheelchairs would find it difficult to get around
independently. The Tokyo subway and rail systems, for example, would for all practical
purposes be completely inaccessible to them, as would numerous shops and restaurants.
Thus, concern for the disabled does not in Japan always equate with integration into
mainstream society, which is nowadays the goal in the United States.
While progress in assisting people with disabilities may not be uniform, it seemed to this
writer that at about half of the sites visited, the JTEC panel’s hosts were extraordinarily
proud of their accomplishments in helping people with disabilities — a much higher
proportion than one would expect to find in the United States. One explanation suggested
by the panel’s guide is that Japanese companies feel a need to prove that they are of value to
society as a whole and do not merely exist in order to make money. This altruistic view was
explicitly supported by our hosts at Canon and, where applicable, is certainly to be
applauded.
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An intriguing alternative explanation arose in an enjoyable conversation during a leisurely
afternoon stop at NACSIS (National Center for Science Information Systems) that was a
pleasant departure from some of the other, too-hurried site visits. Dr. Hisao Yamada, the
deputy director, told JTEC panelists how he has long been concerned by Japan's low office
productivity due to problems associated with text processing. Typically, users must type in
katakana (phonetic) symbols; software then generates the appropriate kanji. But office
workers must read kanji as they type katakana, and often they don't know how to properly
pronounce the former because they haven't learned to read and write the scholarly kanji
well! Furthermore, there are often multiple words that sound the same, so software has
difficulty finding the correct kanji for the given katakana. Thus, one might in a certain
sense conclude that Japan is “print disabled” with regard to its own language. Several of
the panel’s hosts attributed the relatively low penetration of PCs into Japanese homes to
similar I/O problems.
Whatever the reason, the almost universal interest in systems to help the disabled is
remarkable and praiseworthy. In participating in this study panel, this writer’s personal
objectives were to acquire familiarity with currently available access-related products and
to learn about on-going or planned research that may lead to better solutions for the future,
and about which information is unfortunately hard to come by in the United States. The
many systems (both research prototypes and products) panelists were shown or told about
during the brief tour are summarized and classified in Table 5.1.

Table 5.1
Japanese Systems to Help the Disabled: Summary of Research and Products
DISABILITY

# OF SITES

WHERE BEING CARRIED OUT

Blind

6

Elderly
Hearing
Low vision
Motor
Speech

2
2
2
4
2

Canon, ETL, IBM/Japan, Matsushita,
NEC, Omron
ATR, NEC
Matsushita, NTT
Canon, Omron
Canon, Fujitsu, Omron, TRON
Canon, Matsushita

Dr. Yamada sounded a cautionary note with regard to the great deal of work currently
under way throughout Japan on voice input, in the hope of circumventing the problems
associated with keyboards. Yamada noted that the problems that make it hard for software
to automatically translate from katakana to kanji also make voice input a much more
challenging task than some researchers would like to admit. Yet another problem here is
that the human voice changes during extended work sessions, as the speaker becomes tired
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or bored. While these are certainly valid points, in the panel’s assessment, so many
resources are being directed towards voice I/O technology that significant strides are and
will continue to be made (as the demos that panel members heard corroborate), to the
benefit of the general public and also of people who suffer from visual and hearing
impairments.
Indeed, it seems that redirection of the target goal, or the merging of efforts by two teams at
different sites, could in some cases result in key breakthroughs within the short term. To
give just one example, researchers everywhere have for years been struggling with the
problem of how to make the GUI accessible to people who are blind and easier to use by
people with low vision. If the software for ETL's raised-pin output device were slightly
modified, and the system reprogrammed to accept input from a GUI driver rather than from
a pair of cameras, the results could be dramatic even at the current low resolution. It might
be similarly advantageous for the NEC-IBM/Japan-Hitachi consortium to consider ways to
incorporate the ETL technology into their system.
Much of the work that the JTEC panel saw was explicitly product-oriented and based on
extensions to existing concepts rather than radically new ideas. But meticulous and
painstaking attention to the development component of R&D is essential if the research
component is eventually to yield useful products, and the dividing line between the two is
in any case often fuzzy rather than crisp. The enthusiasm and dedication of the Japanese
researchers pursuing the various projects that the panel saw, the overall high quality of the
work, and perhaps most importantly, the sheer number of efforts underway, make it likely
that exciting innovations in relevant technologies lie “just around the corner” at some of
these labs.
In conclusion, it was an honor and a pleasure for the author to visit the various sites
referred to in this report, and in this chapter in particular. It is the hope of the JTEC HCI
panel that its “outsider's” perspective may prove of value not only to those in the United
States who wish to know more about Japan, but also to the teams directly involved in the
research efforts discussed.
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CHAPTER 6

HCI

NUCLEAR POWER, ROBOTIC
AND SERVICE, AND TRANSPORTATION
SECTORS

IN THE

MANUFACTURING

Thomas B. Sheridan

INTRODUCTION
HCI investigations in this category were not quite true to the original study goals. This was
at least in part because the JTEC panel was unable to arrange meetings with meaningful
numbers of Japanese companies applying HCI in industrial and transportation industries.
The panel did not investigate human-computer aspects of manufacturing to any significant
extent, although there are a number of things about Japanese robotics to report that relate to
manufacturing. The only process control industry that the panel sampled was the nuclear
industry. In the transportation sector, panelists spoke only to East Japan Rail. On the other
hand, there are some relevant human-computer developments that apply, in a sense, to all
of these. Fuzzy logic is an example discussed extensively below.
This chapter, therefore, reviews four topics: (1) human-machine research in nuclear power,
(2) industrial robotics and telerobotics in manufacturing and service industries, (3)
human-computer interaction in rail transportation, and (4) fuzzy logic and the influences of
culture.
An important qualitative difference between human-computer interaction in business and
game applications and HCI in industrial and transportation applications is that in the
former case, the temporal pacing is at the convenience of the user. The user can arbitrarily
stop for a break. In the latter case, the system of interest has its own time constants and
continuity requirements; human attention cannot be stopped at the whim of the user.
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Examples of the latter are nuclear or fossil fuel electrical generating plants, chemical or
other industrial processes, discrete parts manufacturing, and rail or highway transportation.
In such systems, arbitrary work stoppage at the convenience of the user is just not possible.
The computer, in effect, is only a mediator between the human operator and a myriad of
other machines and people. This makes the nature of the HCI quite different in the two
cases, though the displays and software may have very similar features otherwise.

HUMAN-MACHINE RESEARCH IN NUCLEAR POWER
Since Japan has poor energy resources, it has vigorously pursued nuclear power. For
obvious reasons, Japan is as sensitive as any nation to the perils of nuclear power and has
always imposed rigorous safety measures. Toshiba and Hitachi licensed the designs for
boiling water reactors (BWRs) from the United States, built a number of them for the
Japanese market, and gradually evolved their own plant designs and operating practices.
Mitsubishi Heavy Industries similarly licensed Westinghouse designs. Now Japanese
companies are actively competing for BWR and pressurized water reactor (PWR)
construction across the Pacific Rim.
Japan has never faltered on introducing computers into nuclear power plants for
monitoring, diagnosis, and control. The United States, in stark contrast to Japan (as well as
Canada, France, and Germany), has been very reluctant to entrust the regulation of any
important functions to computers. The writer believes this is partly due to several bad
experiences that U.S. power companies had with computers very early on; partly due to
conservative regulatory agency and other political pressures following the Three Mile
Island accident; and partly due to the fact that the operating philosophy of the U.S. nuclear
power industry grew out of a relatively low-technology perspective of fossil fuel power
generation using operating personnel who have military but not formal technical training
(except in the field of nuclear physics). Somehow, unlike that other highly regulated
industry, commercial aviation, the computer community was never invited in. Japan seems
not to have been restrained by such a history.
Notions of human supervisory control, wherein a human operator programs and monitors
the automatic computer-execution of a process, were developed in Western countries
primarily in space and commercial aviation, and to a lesser extent in the chemical and
pharmaceutical industries. In contrast, the Japanese have seen the obvious applications of
these ideas to nuclear as well as other process control and manufacturing, and they use
operating personnel with formal engineering training. For the last decade, no new nuclear
plants have been built in the United States, and the U.S. nuclear service industry is not
healthy. The computer-controlled, high-technology plants have remained on the drawing
boards. Japan, in contrast, has moved steadily ahead in applying computers and artificial
intelligence (AI) to plant design, system monitoring and failure diagnosis, fuel
management, and on-line plant control.
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The Japanese established the multisite Central Research Institute of the Electric Power
Industry (CRIEPI) in 1951, and in 1987 CRIEPI founded its Human Factors Research
Center (HFRC) near Tokyo. The research agenda of this organization seems to be closely
modeled on the human factors research program of the U.S. Electric Power Research
Institute (EPRI) in Palo Alto; the head of the HFRC spent a year at EPRI several years ago.
The JTEC team visit to CRIEPI revealed a strong effort to study the behavior of control
room operators in teams. A rule-based cognitive model is being developed there in
conjunction with simulator-based experiments to characterize how operators deal with
emergency procedures. While U.S. systems engineers tend to engage in cognitive
modeling with some reserve and trepidation regarding their ability to validate the various
cognitive components (e.g., perception, short-term memory, long-term memory,
decision-making, speech communication, and motor action), Japanese researchers seem to
accept these psychological ideas as applied to the very practical problems of predicting
errors and refining procedures.
The JTEC team also visited Toshiba, which has adopted with relish the popular qualitative
ideas of Professor Jens Rasmussen on ecological design of human-machine interfaces.
“Ecology” in this sense refers to the word’s original meaning of interdependence and
integration of human and machine functions. Analysis according to Rasmussen’s
skill-based, rule-based, and knowledge-based levels of interaction is established policy at
Toshiba.
Toshiba is also employing “virtual reality” simulation (computer-graphic portrayal of
human operators interacting with the control boards) as a tool for reviewing procedures and
for training.

INDUSTRIAL ROBOTICS AND TELEROBOTICS IN MANUFACTURING AND
SERVICE INDUSTRIES
It is commonly recognized that Japan is the epitome of a manufacturing economy. The
country’s energy and other natural resources are sparse, and it is dependent on its ability to
sell manufactured goods to the rest of the world. Japan’s industrialists listened to the
American statistician and industrial engineer Edward Deming earlier in this century when
he preached new approaches to work organization. (Deming’s own countrymen, to their
discredit and ultimate economic disadvantage, ignored him.) The Japanese were quick to
adapt Deming’s ideas of quality circles and other work methods involving all levels of the
work force being self-conscious and self-critical about their own work methods, discussing
among themselves on a regular basis how to improve, and exercising close vertical
coordination in making those improvements. This fits well with the Japanese industrial
culture, where the worker in effect marries the company for life, and sees hard work, work
organization improvement, and close cooperation as natural. Labor and management are
on the same team, and one’s personal family welfare and security are bound to the welfare
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and security of one’s firm. Uniforms and lapel pins are de rigueur. In the Japanese
language there is allegedly no word for “employee” in the Western sense.
Japanese manufacturing firms have been quick to adapt computers, artificial sensors, and
automatic control processes for industry. Though initially they contributed little to modern
control theory, artificial intelligence, neural nets, and so forth, at the theoretical level, they
were eager to understand from the Western literature that these ideas could be adapted to
manufacturing. The Japanese were among the first to move forward in “mechatronics,”
wherein computer chips and electromagnetic sensors and actuators are closely integrated
with precision machinery. Japan had academic departments and subjects of instruction in
mechatronics in its technical universities before the United States did. All the evidence
the JTEC team saw indicates that Japan is continuing this preeminence in the application of
computers to manufacturing and other industrial applications.
Robotics is a special and very important type of human-computer interaction — an
interaction that involves not only the computer but also mechanical actuators and sensors.
Japan is in love with robots. From the beginning, Japan has sought to apply robots to
industrial and other tasks. Japan seems to have as many robot exhibitions, conferences,
and articles in popular magazines and newspapers, video programs, and so forth, as the
United States; on a per-capita basis, Japan has many more. MITI’s Mechanical
Engineering and Electrotechnical Labs in Tsukuba industrial city have had ongoing robot
research for many years. What the Japanese seem to call basic research is really
engineering development of devices for walking, climbing walls, and manipulating at
smaller and smaller scale, for example. Their robot research is very device-oriented.
Types of Robots
It is important to distinguish between industrial robots, service robots, telerobots, and
medical robots. An industrial robot is a machine that can be programmed to perform a
well-defined task with high autonomy in a carefully controlled environment on a repeated
basis. It usually is installed in a factory on a production line. A service robot, by contrast,
is a device programmed or controlled more or less continuously by a human to perform
what is usually a continually changing, not repeatable, task in a minimally controlled and
unpredictable environment. Examples are robots used for cleaning windows and floors of
buildings, placing and retrieving packages in warehouses, and delivering mail. A telerobot
is a subclass of service robot that operates in an environment remote from the human
operator and typically hazardous to humans. Examples are telerobotic manipulators on
space vehicles, planetary rovers, deep ocean exploration vehicles and manipulators, and
similar devices for operating inside radioactive or chemically toxic environments.
Industrial robots
Japan initially bought and installed U.S. (e.g., Unimate, Cincinnati Milacron) and
European (e.g., ASEA) industrial robots for welding, paint spraying, and simple assembly
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operations. The Japanese quickly learned how to make their own, and in many cases
bought the U.S. and European robot companies. Today, Japan appears to be the largest
user of industrial robots. When queried about the attitude of the production workers
toward the use of robots, Japanese managers are quick to point out the differences between
Japanese and U.S. workers. In Japan, the company has obligations to the worker for life,
and the workers have a great deal of influence over how the robots are used. Furthermore,
the workers are not ignorant of the mathematics and engineering of how the robots work
and how to program them; Japanese workers have better technical education than their U.S.
counterparts. Finally, robots are much more accepted in Japanese culture than in the
United States.
Service robots
Japan seems to be developing service robots at about the same pace as is the United States,
but presumably because the robots require continual human reprogramming and keyboard
communication is difficult for the Japanese, one is not so likely to see the same number of
computer graphic interfaces for robots. Further, because the U.S. space program and
undersea robotic activities got a head start, the United States is somewhat ahead in these
areas. The Japanese, however, now have an active space robotics program, originally
intended to operate from a special Japanese module on the U.S. Space Station Freedom;
under current political circumstances, the module may be slated to be launched by Japanese
boosters several years later than the original schedule. The future of Japanese space
robotics is not currently clear, primarily because the U.S. program is unreliable.
Medical robots
Endoscopic surgery (e.g., laparoscopic removal of gall bladders, arthroscopic repair of knee
and shoulder joints, colonoscopic removal of polyps, and neurosurgical removal of brain
tumors) has much in common with telerobotics, as does use of programmed robots for
orthopedic machining of bone during hip replacements. Robotic ideas have been used
since the 1960s in designing prosthetic arms and legs and powered orthoses (braces fitted
around existing but nonfunctioning limbs). In combination, these latter three have become
a new class called medical robots. Only the industrial robots tend to operate autonomously
for significant periods of time. All the others tend to be intimately coupled to human
operators. The degree of sophistication of the computer involvement can range from the
simplest functions of reading shaft encoders or providing simple feedback control, through
matrix inversion as part of kinematic transformations, to the most exotic AI or neural net
operations for perception, decision making, or learning.
As part of the JTEC survey, the writer attended the International Workshop on Biorobotics
and Human-Robot Symbiosis at Tsukuba on May 18-19, 1995. Papers were presented on
service robots, telerobots, and medical robots. The Japanese have made extensive
contributions to robot conferences internationally for many years, particularly in clever
sensor and device design. Therefore what was not surprising at this conference was the
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continuing Japanese reports on projects to build robot devices that are smaller and smarter.
What was more interesting was the great variety of Japanese papers on robots and related
subjects: robots to assist the elderly, social robots, robots that “mimic gentle animal-like
action,” the Bridgestone (tire company) “soft arm” robot, a code of conduct for humanrobot coexistence, artificial will, and the like — all demonstrating a keen interest in
creating soft, gentle, flexible, adaptable interaction between robots and humans. This
seemed to echo the emphasis that the JTEC panel saw in Japanese developments in
human-computer interaction.

HUMAN-COMPUTER INTERACTION IN RAIL TRANSPORTATION
About a decade ago, Japan decided to privatize and break its state-owned and -controlled
Japanese National Railroad Company into about six parts. Honshu Island is served by two
of these: East Japan Rail, which serves all of the Tokyo area and the east and north of the
island, and Central Japan Rail, which serves the areas from Tokyo south, including the
industrial areas of Osaka, Nagoya, and Kyoto. The other parts of Japan are served by other
lines.
Along with the French TGV (Train Grand Vitesse) and the German ICE (Inter-City
Express), the Japanese shinkansen (“bullet trains”) are far superior to what is available in
the United States. Trains are fast (routinely 250 km per hour), dependable and precisely on
time, well-maintained, and luxurious. The writer arranged several head-end rides in
locomotive cabs and observed the increased use of computers in this conservative industry
(conservative because of the tremendous capital investment in property, track, and rolling
stock). While the rail companies’ R&D budgets are much smaller than those of a
consumer product manufacturer, they are gradually employing computers: computers are
used in train operations for in-cab signaling (as contrasted to looking out of the window at
wayside lights and other signaling devices, which at high speeds simply go by too quickly
to see); computers are used in the centralized control centers for train monitoring and
dispatching; computer-generated scenes and computer-based dynamic models are used for
engineering development and training drivers; and computer-aided instruction (CAI) is
beginning to be used, as well. The JTEC team visited the safety research lab of East Japan
Rail (see site report, Appendix C) and observed the human-in-the-loop simulator and the
CAI research activities.
It is interesting to contrast the dress of the train drivers of the shinkansen with that of
drivers of the French TGV, the German ICE, and the best of the U.S. Amtrak. The U.S.
drivers wear blue jeans and sport shirts, the French and German drivers wear
semi-uniforms or at least shirts and ties, while the Japanese drivers wear crisp blue-gray
uniforms with hats and white gloves, all of which they wear even during extended runs
alone in the cab. This contrast in work attire points to a distinct organizational psychology
in Japan.
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FUZZY LOGIC AND THE INFLUENCES OF CULTURE
The straightforward efforts of Japan to commercialize fuzzy logic are striking compared to
the disconnected U.S. efforts. Before discussing the Japanese use of fuzzy logic, a brief
explanation of what fuzzy logic is and is not is in order. Professor Lotfi Zadeh of the
University of California, Berkeley, is credited with “inventing” fuzzy logic, usually traced
to his 1965 paper. Fuzzy logic is to be distinguished from crisp logic, where given items
are either members of a given set or they are not (objects or events fall into some category
or they do not). In fuzzy logic, an item (object or event) can have any degree of
membership m (possibility, degree of relative truth) from 0 to 1 in a fuzzy set, that is, a
fuzzy variable, category, or term like TALL: for example, a person may be 0.3, meaning
“not very,” or 0.7, meaning “quite,” TALL.
It is fundamental to distinguish fuzzy membership from probability, where before the fact
the chance of an occurrence can fall anywhere between 0 and 1, but after the fact, the
occurrence either happened or it did not. By contrast, in fuzzy logic membership remains
between 0 and 1 (a table is always a chair with, say m = 0.4, if it can be sat upon). The
transformation from a continuous or discontinuous variable to a fuzzy (categorical) variable
is the membership function, which resembles a probability density function, but is not.
In applying fuzzy logic, one maps the particular values in physical variables of some real
object or event, say the height and speed of a person, to memberships on corresponding
fuzzy variables. In addition, one must have a set of rules (e.g., if TALL and FAST, then
GOOD AT BASKETBALL), where the conjunction “and” calls for the minimum
membership of the person being considered in the separate sets for TALL and for FAST
(the conjunction “or” calls for the maximum). Thus, for any given person, application of
every rule about GOOD AT BASKETBALL (there may be other rules about experience,
etc.) yields an output membership value, and in the end, these outputs can be averaged to
determine whether to sign that person up for the team. The attractiveness of fuzzy logic is
that it allows the use of heuristics couched in the natural language or fuzzy terms of real
people. Few basketball scouts know about differential equations!
Fuzzification (transformation from the crisp logic domain to the fuzzy one and back again
to yield a real-world decision) is in order to make use of the fuzzy rules that characterize
real world knowledge. Recent work (some by this author) has shown how crisp and fuzzy
knowledge can be combined to provide better answers than by using only one or the other.
For example, if deterministic algebraic rules or probabilistic properties are known, then linear
programming or Bayesian inference can and should be used to the extent that they can.
Zadeh’s term “fuzzy” was unfortunate for the West and fortunate for the East. In the West
it had an inhibiting effect; government agencies and technical firms alike found Zadeh’s
ideas humorous and ridiculed him. One research funder told the writer that no project of
his would ever be intentionally “fuzzy.” In Japan and China, in stark contrast, the ideas
caught on immediately and were taken quite seriously; “fuzzy” is comfortable there and fit
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the culture. After a little research, it was also shown that fuzzy logic adapts well to control
of nonlinear systems and systems with unmodeled parameters, which have long proved
unstable when attempts were made to control them by continuous linear controllers.
Both Matsushita and Omron, for example, were quick to adapt fuzzy controllers to cameras,
washing machines, and other consumer devices, and they proudly advertise the fact. Japan
is already marketing a variety of fuzzy computer chips capable of handling transformations
for large sets of fuzzy rules (many simple parallel computations) at blazing speed.
While Western researchers have finally appreciated the potential of fuzzy logic (IEEE now
has a transactions on fuzzy systems), the semantic reaction is still taking its toll on
adoption of fuzzy ideas in Western industry. This is truly an instance where deep cultural
factors have determined the speed of adoption of a new technology.

CONCLUSIONS
This chapter is not a comprehensive review of Japanese developments of human-computer
interaction in process control, manufacturing, or other industrial applications. It is rather a
discussion of Japan’s human-computer research in several selected areas where the JTEC
team had the opportunity to gather some evidence and draw some inferences:
1. The nuclear power industry in Japan has embraced computers to a greater extent than
that in the United States. Japan has also maintained a better safety and availability
record, even though Japan’s original plant designs and procedures were licensed from
the United States. The human factors research program in nuclear power is very
similar to that in the United States.
2. The Japanese have a love affair with robots, and their engineers delight in making
steady improvements in mechanism design. Of late they are emphasizing robots that
are gentle, interact easily with ordinary people (especially the elderly or handicapped),
and can be commanded by speech or gesture.
3. The rail industry in Japan is very healthy, and while not leading the way in computer
usage, it is gradually adapting computers for train operations and driver training.
4. The Japanese are actively exploiting fuzzy logic for many applications, in both
consumer and domestic products.
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PROFESSIONAL EXPERIENCE OF PANEL MEMBERS

James D. Foley (Panel Chair)
James D. Foley is currently Professor of Computer Science, Professor of Electrical and
Computer Engineering, and Director of the Graphics, Visualization & Usability (GVU)
Center at the Georgia Institute of Technology
Dr. Foley earned a BS degree in Electrical Engineering (EE) from Lehigh University in
1964, an MS in EE from the University of Michigan in 1964, and a PhD in Computer,
Information, and Control Engineering from the University of Michigan in 1969. Prior to
joining Georgia Tech in 1991, he served on the faculties of the University of North
Carolina and the George Washington University, where he was most recently Chairman of
the Department of Electrical Engineering and Computer Science. At Georgia Tech, he is
Founding Director of the GVU Center, which brings together over 30 faculty and 100
students from 10 different colleges, schools, and departments for interdisciplinary research,
teaching, and service. In June 1996, he will become Executive Vice President of
Mitsubishi Electric Research Laboratories and Director of its Cambridge (MA) Research
Center.
Foley is coauthor of three books: Fundamentals of Interactive Computer Graphics,
Computer Graphics: Principles and Practice, and Introduction to Computer Graphics. He
is a Fellow of the IEEE, and a member of ACM, the Human Factors Society, Phi Beta
Kappa, Tau Beta Pi, and Sigma Xi. He was Editor-in-Chief of ACM Transactions on
Graphics from 1991 to 1995, serves on the editorial boards of Computers and Graphics
and Presence, and consults regularly for governmental and industrial organizations.
Foley’s research interests include user interfaces and interactive computer graphics. His
current work focuses on UIDE, one of the first model-based user interface development
tools, and graphical tools for navigating the World Wide Web. His recent research work
has been sponsored by ARPA, NSF, Siemens, Sun, USWest, DEC, and Schlumberger.
Other interests are using multimedia in HCI applications and the automated generation of
information displays from underlying data models and data. Earlier work included queuing
analysis of distributed computer graphics systems, dynamic process visualization, and
graphics support software.
The GVU home page on the World Wide Web is http://www.cc.gatech.edu
/gvu/gvutop.html.
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Ephraim P. Glinert
Dr. Glinert is an Associate Professor in the Department of Computer Science at Rensselaer
Polytechnic Institute, which he joined in September 1985. Glinert’s research interests
include multimodal and multimedia human-computer interfaces (e.g., sonic enhancement
of 2-D graphic displays, multimodal widgets, and calligraphic user interfaces);
computer-based assistive technology for people with disabilities (e.g., X windows tools for
users with low vision); graphics in the programming environment (e.g., visual tools for
generating iconic systems, and the visualization of parallel computation); multilanguage
and multiparadigm computing environments (e.g., automatic type mapping approaches);
and interactive learning (e.g., groupware and special furniture to support close teamwork).
Together with his graduate students at RPI, Glinert has designed and implemented
numerous tools and environments for a variety of user communities and applications
domains. He is currently Coprincipal Investigator on two NSF-funded projects. One of
these seeks to enhance the power of second generation multimedia environments through
incorporation of metawidgets (multimodal widgets), while the goal of the second is to
improve education in software engineering through pervasive use of object-oriented
techniques and interactive, computer-assisted collaboration. Previous projects have been
supported by NSF, DARPA, IBM, and Xerox.
In the spring of 1995, Glinert was elected to a second four-year term as Chair of the
ACM’s Special Interest Group for Computers and the Physically Handicapped
(SIGCAPH). He is a member of the ACM Committee on Disability Issues. He was
Program Cochair for the 1993 IEEE Symposium on Visual Languages (VL ‘93) in Bergen
(Norway), General Chair for the 1994 IEEE Symposium on Visual Languages (VL ‘94) in
St. Louis, Program Chair for the First ACM/SIGCAPH International Conference on
Assistive Technologies (ASSETS ‘94) in Marina del Rey (CA), Courses Chair for the
Second ACM International Conference on Multimedia (MULTIMEDIA ‘94) in San
Francisco, and Workshops Chair for MULTIMEDIA ‘95. He is currently serving as
General Chair for ASSETS ‘96, scheduled for April 1996 in Vancouver, Canada.

James D. Hollan
Professor James D. Hollan is chair of the Computer Science Department at the University
of New Mexico. After completing his PhD at the University of Florida, he was a
postdoctoral fellow at Stanford University. Subsequently he was on the faculty of the
University of California at San Diego (UCSD) for a decade. At UCSD he established the
Intelligent Systems group, led an influential early effort (Steamer) to develop tools for
supporting the creation of interactive graphical interfaces, and helped originate the
User-Centered System Design approach to HCI associated with UCSD.
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Professor Hollan has also been Director of the Human Interface Laboratory at MCC and
established the Computer Graphics and Interactive Media Research Group at Bellcore. His
primary research interest is the exploration of new interaction mechanisms that employ
computation to mediate richer, more productive interactions for individuals and groups.
More information and research publications are available on the World Wide Web (URL:
http://www.cs.unm.edu). Details about his current work on Pad++, a zooming graphical
interface for exploring alternate interface physics, can also be obtained on the WWW
(URL: http://www.cs.unm.edu/pad++).

Robert E. Kraut
Robert E. Kraut is Professor of Social Psychology and Human-Computer Interaction at
Carnegie Mellon University. Until 1993, he was Distinguished Member of Technical Staff
and Director of the Interpersonal Communications Research Program at Bell
Communications Research (Bellcore), the research arm of the regional telephone
companies.
His research has concentrated on the design of new technology for group work and
empirical studies of the impacts of information technologies on individual and
organizational performance. Topics include collaborative work, office automation and
employment quality, technology and home-based employment, the communications needs
of collaborating scientists, the design of information technology for small-group
intellectual work, and the impact of national information networks on firm performance
and industrial structure. He is one of the principal investigators on Carnegie Mellon
University’s HomeNet project studying the impact of the national information
infrastructure on the average family.
He chairs the National Research Council’s panel on Technology and Home-based
Employment, and he has served on its Committee on Women’s Employment and Related
Social Issues on its Panel on Technology and Women’s Employment, and on the Office of
Technology Assessment’s advisory panel on Information Networks in Research. He is an
Associate Editor of Information Systems Research, is on the editorial board of HumanComputer Interaction, and was the program chair for the ACM Conference on ComputerSupported Cooperative Work in 1992.
Professor Kraut has published widely in such respected journals as Communications of the
ACM, Information Systems Research, Human-Computer Interaction, and IEEE
Communications Magazine.
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Thomas B. Sheridan
Dr. Sheridan received a BS degree from Purdue University, an MS degree from the
University of California at Los Angeles, an ScD degree from Massachusetts Institute of
Technology, and a Doctorate (honorary) from Delft University of Technology, Netherlands.
For most of his professional career he has remained at MIT, where he is Ford Professor of
Engineering and Applied Psychology in the Departments of Mechanical Engineering and
Aeronautics and Astronautics, and Director of the Human-Machine Systems Laboratory.
His research interests are in experimentation, modeling, and design of human-machine
systems in aviation, rail and highway transportation, space and undersea robotics, process
control, and medicine.
He is coauthor of Man-Machine Systems (MIT Press 1974, 1981; USSR, 1981), coeditor of
Monitoring Behavior and Supervisory Control (Plenum, 1976), and author of Telerobotics,
Automation, and Human Supervisory Control (MIT Press, 1992). He is currently Senior
Editor of the MIT Press journal Presence: Teleoperators and Virtual Environments, and he
serves on a number of editorial boards. He chaired the National Research Council’s
Committee on Human Factors and has served on numerous government and industrial
advisory committees.
Dr. Sheridan was President of the IEEE Systems, Man and Cybernetics Society, Editor of
IEEE Transactions on Man-Machine Systems, received their Norbert Wiener and Joseph
Wahl awards, and is an IEEE Fellow and Centennial Medalist. He is also a Fellow of the
Human Factors and Ergonomics Society (HFES), recipient of their Paul M. Fitts Award for
contributions to education, and was President of HFES. He is a member of the National
Academy of Engineering.

Tim Skelly
Before becoming a researcher with Microsoft Advanced Technology Research group, Tim
Skelly spent fifteen years in the video game business. After graduating from Northwestern
University in 1973, he filled the time preceding the invention of the personal computer by
producing and directing for film and television. Skelly’s career shifted directions when in
1977 he opened what was probably the world’s first computer gaming center. Using the
experience he had gained programming and designing games for personal computers, he
went on to create a series of more than a dozen successful arcade video games for
Cinematronics, Sega, and Mylstar Electronics. These included Armor Attack, Star Castle,
Reactor, and the very first cooperative two-player video game, Rip-Off.
Later, after the crash of the video arcade market in 1983, Skelly branched off into
screenwriting and the design of interactive laser disc programs. He returned to the game
business in 1985, when he cofounded Incredible Technologies (IT), a company that
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designed, developed, built, and sold a broad range of interactive software. Besides IT’s
high output of computer- and cartridge-based games, projects included interfaces for
medical equipment, animatronic devices for a Japanese location-based entertainment
center, and all software and hardware for the original BattleTech (now Virtual Worlds)
Centers. Clients included Williams Electronics/Bally Midway and CAPCOM. During this
time, Skelly conducted a personal study of the appeal of video games. This later became
the basis for his successful series of “Seductive Interfaces” tutorials given at several ACM
SIGCHI conferences — tutorials designed to enable UI designers to apply the engaging
aspects of video games to nonentertainment products.
Recognized for his extensive video game experience, Skelly was recruited by the Sega
Technical Institute, where he advised on game design and served as Art Director for Sonic
the Hedgehog 2. A short time after the completion of Sonic 2, he was asked to join the
newly formed Research Division at Microsoft Corporation. He is currently exploring
future computer-human and computer-mediated human-human interfaces and strategies.
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Susan Chipman
Dr. Susan Chipman is a cognitive psychologist who manages the Cognitive
Science Program at the U.S. Office of Naval Research (ONR). The Cognitive Science
Program at ONR aims to provide understanding of the human learner and performer of
complex skills, such as those required by naval jobs. In addition, the program supports
research on the nature of expertise, into the processes of learning that result in such
expertise, into theory-based automated methods of training to foster such learning, and into
diagnostic methods for testing knowledge and skill. Throughout, the program emphasizes
the expression of relevant psychological theories in precise computational terms. The
program aims at applications in naval training and — more recently — in the design of
effective human-system interaction for advanced naval systems.
Before joining ONR, Dr. Chipman was Assistant Director of the U.S. National Institute of
Education.
There she was responsible for research in cognitive development,
mathematics learning, applications of computers to education, and research on social
influences on learning and development. As a result of her work there, she has maintained
a continuing involvement in research on the participation of women and minorities in
mathematics, science, and technology. She is also on the advisory board of the James S.
McDonnell Foundation’s program of research on the applications of cognitive science to
educational practice.
Dr. Chipman earned an AB in Mathematics, an MBA in Managerial Economics,
Decision, and Control and an AM and a PhD in Experimental Psychology from Harvard
University.
She is a Fellow of the American Psychological Association, and has edited several books
related to the research programs she has managed: Thinking and Learning Skills; Women
and Mathematics: Balancing the Equation; Knowledge Acquisition; and Cognitively
Diagnostic Assessment.

Michael J. DeHaemer
Michael J. DeHaemer is the Director of the World Technology Evaluation Center and the
Japanese Technology Evaluation Center at Loyola College, Baltimore, Maryland.
Dr. DeHaemer is Founder and Director of the Lattanze Human-Computer Interface
Laboratory and is a specialist in the applications of synthesized speech and automated
voice recognition systems as computer interface output and input. On the faculty of the
Sellinger School of Business and Management at Loyola College, he is the Chairman of the
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Information Systems and Decision Sciences Department and currently teaches Information
Technology and Strategy, the Human-Computer Interface, Applications of Expert Systems
and Neural Networks, and Decision Support Systems. Dr. DeHaemer has research interests
in business applications of artificial intelligence and the methodology of technology
assessment. He is a former Captain and Submarine Commander in the U.S. Navy.
Dr. DeHaemer received his Bachelor’s degree in Physics from the University of Notre
Dame, his Master’s degree in Operations Research from the Naval Postgraduate School,
and his Master’s degrees in Business Administration and Industrial Engineering and his
PhD in Management Information Systems from Rensselaer Polytechnic Institute.

Gene Gregory
Gene Gregory, Executive Director of the Institute of International Management in Tokyo,
has had a long and distinguished career in executive education for managing East Asian
operations.
After receiving a BS from Georgetown University’s School of Foreign Service and an MA
from Johns Hopkins School of Advanced International Studies, he pursued advanced
studies in Southeast Asian Studies at Cornell University; the Institut des Hautes Études
Internationales in Geneva, Switzerland; in Southeast Asia as a Ford Foundation Fellow;
and in Japan as a Japan Foundation Fellow.
As a diplomat, Professor Gregory served in the U.S. Embassy in Vietnam and on the Policy
Planning Staff of the U.S. Information Agency. Professor Gregory served as Associate
editor of U.S. News & World Report, and was later Editor and Publisher of The Times of
Vietnam, and Editor of Business Europe. He has been a long-time contributor to the Far
Eastern Economic Review, and publishes widely in scientific and professional journals
throughout the world. As a industrialist, he was a pioneer of the electronics industry in
Southeast Asia, and developed a number of other industrial operations involving the
transfer of technology from Japan, the United States, and Europe. Professor Gregory
lectured at leading European management schools on Asian business before joining the
faculty of Sophia University as a Visiting Professor in 1977 and as Professor of
International Business in 1981. From 1987-89, he served as Chairman of the Department
of Comparative Culture.
He is author or editor of numerous books and monographs, including Britain 1967-70
(1966); Doing Business in Eastern Europe (1967); The Japanese Challenge in Europe
(1972); The Japanese Electronics Industry (1981); The Logic of Japanese Enterprise
(1982); The Japanese Propensity for Innovation: Electronics (1982); Japanese Electronics
Technology: Enterprise and Innovation (1985), Rev. Ed. (1986); and The Canon
Production System (1988).
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Site:

Advanced Telecommunications Research
Institute International
2-2 Hikaridai Seika-cho
Kyoto 619-02, Japan
Tel.: 81 774 95 1112
Fax: 81 774 95 1109

Date Visited:

May 22, 1995

Report Author:

J. Foley

ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Sheridan
T. Skelly
Hosts:
Dr. Kohei Habara
Dr. Yasuhiro Yamazaki

Dr. Jun Ohya

Dr. Shigeru Akamatsu

Dr. Thomas Ray

Executive Vice President for Research, ATR
habara@ctr.atr.co.jp
President, ATR Interpreting Telecommunications
Research Laboratories
yamazaki@iti.atr.co.jp
Supervisor, Artificial Intelligence Department
ATR Communication Systems Research Labs
ohya@atr-sw.atr.co.jp
Head, Department 2, ATR Human Information
Processing Laboratories
akamatsu@hip.atr.co.jp
Evolutionary Systems Department
ATR Human Information Processing Laboratories
ray@hip.atr.co.jp
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BACKGROUND
ATR was founded in 1986 with support from industry, academia, and government, to serve
as a major center of basic and creative telecommunications R&D. The government
provides 70% of the annual budget; 141 companies provide the remaining 30%.
Government supervision is by the Ministry of International Trade and Industries (MITI)
and the Ministry of Posts and Telecommunications (MPT); with government funding
coming from dividends on its shares in the partially privatized Nippon Telephone and
Telegraph (NTT).
Within ATR are five active research programs, each with a defined life-time:
ATR Communications Systems Research Laboratories (1986 - 1996)
This research program covers teleconferencing with realistic sensations, human image
processing in facial recognition, recognition and synthesis of human motion, 3-D image
databases, retrieval and manipulation of information using language and gesture, hand
gesture recognition, gaze detection, facial expression detection, secure communications
systems, and automatic generation of communications software.
ATR Interpreting Telecommunications Research Laboratories (1993 - 2000)
Program components include speaker-independent speech recognition, processing prosody,
acoustic models of speech, example-based natural language translation, intention
understanding, integration of speech and language processing, human interfaces for
multimodal communications, use of massively parallel machines for speech processing,
and speech and language databases.
ATR Human Information Processing Research Laboratories (1992 - 2001)
Issues addressed by this research program are speech production mechanisms, neural
information processing in speech perception, image formation process, neural information
processing of visual patterns, visual information generating mechanisms, human
integration of motor control and vision, and evolutionary systems.
ATR Optical and Radio Communications Research Laboratories (1986 - 1996)
Optical intersatellite communications, mobile communications technologies, and optical
and electronic devices comprise this research program.
ATR Media Integration and Communication Laboratories (1995 - 2002)
This lab is just being established. Its basic charter is to develop next-generation
teleconferencing capabilities using technologies such as virtual environments, computer
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graphics, 3-D vision, 3-D audio, and tactile feedback. This lab is in some sense the
successor to the Communications Systems Research Lab, the charter of which expires in
1996.
ATR’s 230 staff members come primarily from member companies, which assign
employees to ATR for an average stay of 3 years. About 50 of the researchers are from
abroad. Since founding, about 500 Japanese and 200 international researchers have
worked there.
The ATR Human Information Processing Research Lab had 69 staff members as of
September 1994: 41 had engineering backgrounds, and 28 had science backgrounds. The
majority of those with science backgrounds were in the fields of psychology, cognitive
science, and linguistics.
Each lab has a Board of Directors and President. The JTEC team’s host, Dr. Habara,
serves as Chairman of the Board of all of the labs, and as Executive Vice President of ATR
International, which is the holding company for the labs.

RESEARCH AND DEVELOPMENT ACTIVITIES
ATR Human Information Processing Research Laboratories
Dr. Tom Ray of the Evolutionary Systems Department is studying evolution in the medium
of digital computers. In his system, machine language programs (as digital creatures) get
CPU time as an “energy” resource and memory as a “material” resource. Mutation
generates new forms, and evolution proceeds by natural selection as different genotypes
compete for CPU and memory space. His system starts with a creature that has an 80-byte
machine language program. Then diverse ecological communities quickly emerge.
Parasites appear, then their hosts evolve immunity, then parasites evolve to circumvent the
immunity. Hosts evolve the means to exploit parasites by stealing their energy resources.
Social organisms evolve that can only replicate through cooperation, and creatures evolve
to take advantage of this cooperation. Dramatic optimizations result, producing fourfold
reduction in the size of code (to 22 bytes) while maintaining the same functionality as the
original 80-byte program. In another case, a digital creature that is capable of unrolling the
copy loop was produced. This indicates that Dr. Ray’s system has an ability to create a
complex optimization technique that is designed to be very clever.
Future directions include first doing an SIMD-type parallelism, then MIMD by having
explicit fork-and-join and message-passing primitives included in the set of primitives that
can be genetically introduced.
Dr. Shigeru Akamatsu heads a group of researchers studying different aspects of the human
face. The research agenda is three-fold: (1) to use the face as a source of information, that
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is, to recognize facial features in order to identify people and to understand what they are
expressing with their motions, their emotions, and their words; (2) to model the face’s
shape and textures; and (3) to use the facial models to convey information to viewers. The
overall purpose of the research agenda is to support human to human communications via
computer/telecommunications-based collaboration.
With regard to studying the face as a source of multimodal information, Dr. Akamatsu
described studies of the “McGurk Effect.” When a subject is presented with a face whose
lips are speaking one sound while at the subject simultaneously hears a different sound, the
subject perceives a third sound that is a mixture of the visually-presented and acousticallypresented sound. Dr. Akamatsu did not describe how to exploit the effect for
teleconferencing.
ATR hosts described a study of face recognition from different orientations, similar to the
Shepherd-Metzler mental rotation experiments: “In the real world we have to process faces
despite variations in the viewpoint from which they are seen. Strong viewpoint
dependence was observed when subjects were required to generalize from a single view,
but very different patterns of generalization were observed for the three learned views. For
full face, generalization fell with increasing angle of rotation; for three-quarter, the
opposite was readily recognized. Profile generalization was equally poor to all unlearned
views. The opposite view advantage for three-quarter but not profile may be because a
virtual view can only be generated for the three-quarter, but the necessary symmetric
feature points occlude each other in profile. The results suggest that, while no one
viewpoint is inherently better, different views provide different information for
generalization.”
Under the direction of Masaomi Oda a study was conducted of how well human judgment
of face similarities correlate with a mathematical representation of faces. If two faces that
are close together in the mathematical representation are also close together as perceived by
viewers, then the mathematical representation could be used for face identification (Oda,
Akamatsu, and Fukamachi 1994). The conclusion is that there is good correspondence,
and that 20 to 50 degrees of freedom (dimensions) in the mathematical representation are
needed.
The Facial Image Retrieval System (Oda and Kato 1993) is another way to study perceived
similarity in faces is using line-drawn schematic faces, as shown in Figure ATR.1. In one
experiment, subjects are asked to select from a database of 60,000 such faces a set of faces
that match a target face; in another experiment, subjects are asked to pick a set of their
favorite faces. The study found that face shape, eyebrow tilt, and eye shape were more
important in matching faces than the other features.
A system has been developed to morph a face to change its expression, to convey different
emotions such as gentle and fierce (see Fig. 4.6, p. 48).
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Fig. ATR.1. Examples of line-drawn faces (Oda and Kato 1993).

ATR Communications Systems Research Laboratories
Dr. Jun Ohya presented the Virtual Space Teleconferencing System (Ohya 1995). The
objective of the system is to support computer conferencing with multiple parties in which
each participant is represented as a computer-generated model of the actual participant.
Each participant’s position and gestures are sensed and transmitted to each conference site.
At each site, a high-performance Silicon Graphics 3-D display creates a view that includes
each of the participants. The participants’ overall body shape and face are digitized in
advance of the conference. Facial photos are texture-mapped onto the facial model to
create a somewhat realistic-looking face.
The advantage of this approach is that computer-generated objects can be introduced into
the conferencing environment, for collaborative design activities in a VR (virtual-reality)type environment. In addition, lower bandwidth is needed to transmit the sensed positions
and gestures than would be needed to transmit video images of the participants. The
disadvantage is that current motion capture technology depends on data gloves and video
cameras tracking reflective dots of tape on the conferees faces. Over time, the ability to
use video cameras to track the body, arms, and face without any explicit fiduciary marks is
likely to improve, removing this disadvantage.
Dr. Ohya showed the JTEC team videos of two-person and three-person collaborations,
and had a demonstration of a VR environment for assembling pieces of a building. As a
substitute for the haptic feedback experienced when objects that the subject is assembling
collide, the system on impact changes the color of colliding objects and makes a sound.
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ATR Interpreting Telecommunications Research Laboratories
Dr. Yasuhiro Yamazaki, President, ATR Interpreting Telecommunications Research
Laboratories, demonstrated a system for translating spoken Japanese into synthesized
spoken English and German. The system has a 1,500-word vocabulary, requires training,
and accepts continuous speech. Portions of the system were developed at CMU and
Siemens R&D in Munich. The JTEC team saw an improved version of the C-Star system,
demonstrated in 1993, which accepted only discrete speech. The system runs on highperformance UNIX workstations with no special DSP hardware, and takes 15 - 20 seconds
for a sentence with 5 - 10 words. Figure ATR.2 shows the logical organization of the system.

Fig. ATR.2. Organization of ASURA: Advanced Speech Understanding and Rendering System of ATR.
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Site:

Association for Promotion of New
Generation Services (PNGS)
Kyoto Experimental Center
2-2 Hikaridai, Seika-cho, Souraku-gun
Kyoto 619-02, Japan
Tel.: 0774-95-0711
Fax: 0774-95-0712

Date Visited:

May 22, 1995

Report Author:

R. Kraut

ATTENDEES
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Sheridan
T. Skelly
Hosts:
Mr. Yuji Usui

Project Leader for Pilot Model System

BACKGROUND
The mission of the Association for the Promotion of New Generation Services (PNGS) is
to run a field trial of broadband telecommunications network services to the home. The
Pilot Model Project for New Generation Communications Network is providing
31-channel cable TV (including two high-definition channels); video on demand; imagebased information services including department-store catalogs and transportation
information; video game delivery; and video telephony. The project has planned other
broadband services as well, including distance education and home karaoke, and wireless
residential telecommunications services, including cellular telephone and FM paging
services.
The project is funded at a total cost of approximately ¥10 billion (or ~$100 million).
Facilities include a new building housing head-end equipment, a video juke box, a highdefinition video production studio, a demonstration area, and transmission equipment.
Home equipment includes a high-definition television (HDTV), a Sega video game, a
VCR, and an Optical Network Unit for converting optical and electrical signals. The
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project is funded approximately 70% by the Communications Research Laboratory of the
Ministry of Posts and Telecommunications, by NTT, and by a large number of information
providers (e.g., Sega) and telecommunications equipment providers (e.g., AT&T Japan).

RESEARCH AND DEVELOPMENT ACTIVITIES
The trial connects 300 CATV subscribers in the Seika-Nishikizu area with optical fiber to
the home. The trial started in July 1994 and is scheduled to continue for three years. The
trial has the dual goals of learning (1) how to handle the technological and operational
challenges of offering broadband services to the home, and (2) what consumers want in
terms of services and interfaces. The market questions are answered through semiannual
surveys to participants in the trial, focus groups, and on-line monitoring of service usage.
The videotelephony service uses an 128 kbps ISDN phone, with up to 15 frames per
second. The videotelephony service allows up to five people to be bridged into a single
conversation. The approximately 3 inch by 5 inch image is jerky, and because of the video
compression used, both video and audio are delayed between 500-1,000 milliseconds. As
with most relatively low-bandwidth videophones, because of both video jerkiness and
audio delay, telecommunications quality over the videophone is poorer than it would be
over a conventional audio-only telephone.
The human interface to the video on demand and information services is primarily menu
driven. For example, finding an article of clothing in one of the home-shopping catalogs
requires traversing a hierarchical menu system; one cannot simply search for the category
“shirts” or “socks.” Similarly, finding a particular movie requires traversing menus items
such as “American films” or “hobbies.” This style of interface may be suitable for the
relatively small number of information items available on the trial, but would be
inappropriate as the only interface for a national service, with large numbers of movies and
other information objects available. However, the nature of the interface to a commercial
service does not appear to be a goal of the research technology and market trials, although
this Japanese trial is heavily subsidized by the government.
SUMMARY
The Japanese telecommunications industry, like that of the United States, is interested in
getting into the video-on-demand business. Like firms in the United States, Japanese firms
are conducting technology and market trials, although this Japanese trial is heavily
subsidized by the government.
It appears that the Association for Promotion of New Generation Services trial is based on
obsolete technology, using tape-based, video jukeboxes as the basis for its servers. For
example, the current trial does not allow multiple subscribers watch the same movie

92

Appendix C. Site Reports

simultaneously, but with different starting times. At the time of the JTEC visit, they were
planning to install a video disk server in the summer of 1995, however.
The market trial is hampered by a relatively thin set of services, and it is not clear whether
the researchers will learn much about demand given this selection. For example, while
home shopping is available as a service, only two large department stores are represented.
Users can look through catalogs and see special prices for advertised products, but cannot
actually buy products on the network. Instead, they must make a toll-free telephone call.
Participants can download from a library of 30 Sega games, but none of the games are
multiplayer games, in which participants can play against other players on the network.
Similarly, the video-on-demand inventory consists of about 300 tapes per month. While
the tapes available change, they come from only a restricted set of distributors and, for
example, do not include many the hot titles available at the local video rental store or the
rental store’s backlist. Video-on-demand usage is light — about five titles per household
per month — and the project has never had all of its 30 tape machines in use at once.
JTEC’s hosts commented after the visit that the PNGS trial has the primary objective of
investigating cost-effectiveness and regulations related to the eventual implementation of
broadcast and telecommunications integrated services. The trial has been started as an
analog service. Because of the delay in software development, more time is needed to
introduce a “perfect digital system,” according to the PNGS representatives, who noted that
broadband fiber service trials in the United States have also experienced delays due to
technical issues. PNGS representatives planned to demonstrate a new digital system at the
APEC conference in Osaka in November 1995.
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Site:

Canon, Inc.
Shinjuku Headquarters
Shinjuku Dai-ichi Seimei Building
7-1 Nishi-Shinjuku 2-chome, Shinjuku-Ku
Tokyo 163-07, Japan

Date Visited:

May 25, 1995

Report Author:

E. P. Glinert
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ATTENDEES
JTEC:
E. P. Glinert
T. Sheridan
Hosts:
Tsuneo D. Nozaki
Yasuhisa Himeno
Toshi’michi Minamino

Shin’ichi Tenno

General Manager, Public Affairs
Corporate Communications Headquarters
General Manager, Corporate Welfare Operations Div.
Social and Cultural Program Operations Center
Manager, Technical Support and Quality
Assurance Department
Welfare Systems Development Department
Corporate Welfare Operations Division
Social & Cultural Program Operations Center
Welfare Systems Marketing and Trade
Operations Department, Corporate Welfare
Operations Division

BACKGROUND
Canon’s predecessor company, Precision Optical Instruments Laboratory, was founded in
1933 to conduct research into quality cameras. A prototype of Japan’s first 35 mm focal
plane shutter camera was produced the following year. Although for many decades the
company was known primarily for its precision photographic equipment, over 80% of its
sales are now derived from business machines, especially laser printers, photocopiers, and
fax machines and related components. Other products include the world’s first laptop
computer with a built-in printer (developed jointly with IBM/Japan), new high-technology
stereo speakers and 3-D interactive graphics software (both developed at the UK research
center established in 1988, one of 5 R&D centers located outside Japan), and the Canon
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Communicator for people with speaking and writing impairments (discussed in more detail
below).
In 1992, Canon was ranked 84th among the Fortune 500 industrial companies, with over
64,500 employees worldwide and annual sales well in excess of ¥1.8 trillion (~$18 billion).
Since 1988, the corporate philosophy has been “kyosei,” which means living and working
together for the common good. About 6% of annual sales revenue is reinvested in
research. In 1992, Canon was awarded more patents in the United States than any other
company, while in 1993 it ranked third (behind IBM and Toshiba).

RESEARCH AND DEVELOPMENT ACTIVITIES
Discussions centered on the activities of the Corporate Welfare Division, which was
established in 1974 (under a different name) to distribute in Japan assistive devices for
visually impaired people. The devices were developed in the United States by TeleSensory
Corporation, with which Canon has enjoyed a long and continuing relationship. However,
since 1977 Canon has been designing and manufacturing its own offerings for this market;
while many of these are customized versions of TeleSensory products, there are wholly
proprietary innovations as well. Seminars and training courses for users and special
education teachers, some of which are partly funded by the Japanese government, are
another focus (see Fig. 5.1, p. 55).
Since 1993, Yasuhisa Himeno has been General Manager of the Division, which currently
has about 20 staff members in 4 departments: planning; R&D; marketing and sales; and
technical services. The unit is now beginning a push for universal design to assure
accessibility of all future Canon products. Documents for internal distribution on this topic
were scheduled for June 1995 release, and were to be updated and issued thereafter on a
quarterly basis. A height-adjustable photocopier is currently available, but Canon feels this
is not enough; other company products must be made accessible as well.
During the second part of the meeting, the JTEC team saw demonstrations of and received
brief explanations about several current products.
Canon/TeleSensory Optacon II System
Originally introduced in the early 1970s, this is a portable reading device for the blind that
does not rely on a knowledge of Braille. It consists of a tiny camera tethered to a tactile
array of 5 x 20 pins covering an area approximately 1 inch long by 0.5 inches wide. As the
user moves the camera over the surface on which the information is printed/displayed, the
scanned image is converted into a vibrating tactile form that the user can sense with his or
her fingertip. The device can also effectively convey simple graphics (e.g., straight lines)
as well as text. When reading kanji, it is not always possible to display an entire character
at once, in which case the user will need to scan the left and right halves separately.
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Canon/TeleSensory PowerBraille 40 and BrailleMate 2 or 2+2
These are Braille output and input devices, respectively, for personal computers and
laptops. Both have been adapted by Canon for the Japanese market. In the PowerBraille
40, for example, special software has been developed to allow use of 2 or even 3 Braille
cells to represent a single kanji character when required.
Canon/TeleSensory Aladdin
This closed-circuit TV reading device is designed for people with low vision. Material to
be read is placed on a platform under a camera, which displays a highly magnified image
on a screen positioned so that it is at eye level and easily accessible. Four simple switches
and dials control all functionality: on/off, focus, magnification (4 – 20x), and display mode
(normal black on white versus reverse video, high contrast versus gray scale). The device
is approximately ¥150,000 (~$1,500) less expensive than older units with similar
capabilities.
Canon Communicator CC-7S/CC-7P
A portable augmentative communication device, about the size of a postcard, for people
with speech impairments. Text is typed in by the user on a special QWERTY-style
keyboard that responds to very light touch and that never requires the simultaneous
depression of multiple keys (sequential key presses suffice to accomplish all functions).
This is in recognition of the fact that potential users include people who have suffered
traumatic head injuries, or who have diseases such as multiple sclerosis or cerebral palsy,
where motor control of the hands is adversely affected in conjunction with loss of speech.
The unit comes with a built-in memory to store frequently needed words and/or phrases. It
can record and playback voice or generate printed output, as desired, the latter on a thin
tape (a compromise selected to allow use of existing reliable and cheap technology).
Optional accessories include an LCD display and a wheelchair bracket. A single large
button/switch can be attached as a supplementary input device, to accommodate people
with severe motor impairments, and the system can then be set to automatically and
repeatedly cycle through all row/column key combinations (marked by small illuminated
indicator LEDs at the edges of the unit) so the user can select what he or she wants to say.
This device is not an adaptation of a TeleSensory product. Figure 5.2 on page 57 is a
photograph of Model CC-7S.

SUMMARY
Of all the sites visited during the JTEC panel’s trip to Japan, Canon’s Corporate Welfare
Division was the only group that actually took the trouble to answer in writing the
questions that JTEC had previously sent to all host sites. The information provided
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included data on people with disabilities employed by the company (see Table Canon.1). It
is also noteworthy that the company expects to lose money on the Group’s activities, but
pursues them anyway due to an intense personal interest and commitment on the part of the
founder and his successors. For example, it is estimated that there are approximately
353,000 visually impaired people in Japan, of whom just 20% are actually blind. Among
the latter group, about 30,000 individuals are thought to use Braille, so Canon predicts a
total market for the Japanese version of the TeleSensory BrailleMate PC I/O device of
about 3,000 units. The Japanese government subsidizes the purchase by consumers of some
of the devices described above. The list price of the Aladdin unit is ¥248,000 (~$2,480), of
which the government will cover ¥198,000, for a net cost to qualified consumers of
¥50,000 (~$500). The list price of the Canon Communicator is ¥98,800 (~$988), of which
the government will pay the entire amount for qualified consumers. Although disabled
people will normally qualify for such assistance, the elderly often will not.

Table Canon.1
Canon Employees with Disabilities
GRADE
DISABILITY

1
(heavy)

2

3

4

5

Mobility
Visually
Hearing
Others

12
4
3
21

15
1
38
0

18
0
7
1

24
1
6
0

14
2
1
0

5
1
4
0

88
9
59
22

Total

40

54

26

31

17

10

178

REFERENCES
Canon Brochures
The Canon Story 1994/95
Canon Fact Book 1994/95
Canon Communicator CC-7S/CC-7P
Canon/TeleSensory Optacon II System
Canon/TeleSensory BrailleMate 2 and 2+2
Canon/TeleSensory PowerBraille 40
Canon/TeleSensory CCTV Systems
Canon/TeleSensory Aladdin

6
(light)

TOTAL
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Site:

Central Research Institute of
the Electric Power Industry (CRIEPI)
Human Factors Research Center
2-11-1 Iwado Kita, Komae-shi
Tokyo 201, Japan

Date Visited:

May 25, 1995

Report Author:

R. E. Kraut
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ATTENDEES
JTEC:
S. Chipman
R. E. Kraut
T. Sheridan
Hosts:
Seiichi Yoshimura
Kunihide Sasou
Naoko Hasegawa
Brian Landberg

BACKGROUND
The Central Research Institute of the Electric Power Industry (CRIEPI) was founded in
1951. Its charter is to conduct research on ways to improve the generation of electricity,
especially for the nuclear power industry. The Human Factors Research Center was begun
in July 1987, obviously influenced by the U.S. Three Mile Island accident and the obvious
great interest of America and Europe at that time in putting additional resources into
research on training, procedures, control room design, and other human factors
considerations. Its goal is the reduction of human errors in the nuclear power industry.
CRIEPI is spread over several locations, including Komae, Abiko, Yokosuka, and Agaki.
The JTEC team visited the Komae facility in Tokyo, specifically the Human Factors
Research Center. Researchers with backgrounds in nuclear engineering and psychology
conduct physiological, cognitive modeling, and survey research on operator behavior in
nuclear power plants and the factors that lead to errors in performance. Some of their work
is conducted in collaboration with the Electric Power Research Institute in the United
States. The researchers compile statistics on human factors around the world and analyze
the data for its relevance to human errors in the electrical industry. Their output includes
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devices for measuring the physiological and psychological workload of human operators,
procedural manuals for analyzing and reporting on human errors, guidelines and systems
for predicting team performance, and tools for maintenance workers, as well as research
reports. The Human Factors Research Center does not conduct research on humancomputer interaction per se. However, the research center is interested in human
performance when operating computer-assisted power plants and in using computer
simulation to model operator-plant interaction.

RESEARCH AND DEVELOPMENT ACTIVITIES
Operator-Power Plant Simulator
CRIEPI conducts programs relevant to human-computer interaction or person-machine
interaction more generally. Of particular interest was an experimental simulator, where
teams of three operators were put through simulated emergencies and video/audio data
were recorded. Researchers analyzed these in fine-grain detail and built a model of mental
activity needed to respond to emergencies. The system is called SYBORG — Simulation
System for the Behavior of an Operating Group (Sasou et al. 1995). The simulation has
three major subsystems: a power plant model, a human operator team behavior model, and
a man-machine interface (MMI) model (see Fig. CRIEPI.1). The plant simulation models
the power generation system, the controls, and the alarms in the plant. The operator model
attempts to simulate both individual perception, cognition and behavior and group decision
making as a team monitors and operates the plant and responds to alarms. The operator
model receives information from the plant model and exchanges information to decide
what team actions are necessary.

Fig. CRIEPI.1. Elements of the SYBORG system.
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The operator has seven subsystems: an attention subsystem to model visual and auditory
processing of plant alarms; a short-term memory subsystem; a long-term memory model
that contains a knowledge base about the operation of power plants, the meaning of alarms,
and appropriate behavior for handling them with reasoning; a thinking module that runs the
mental model enabled by the long-term memory to make decisions on receiving plant
alarms; an utterance module to communicate among team members; and an action module
that allows the operators to move around a control room and push switches.
The researchers are comparing the sequence of actions taken by the simulated operator’s
crew on hearing various emergency alarms with the behavior of real nuclear engineers of
varying experience levels as they run though laboratory exercises. While analysis is still
ongoing, the researchers report substantial correspondence between predictions made by
the computer simulation and the utterances and actions made by experimental teams.
Human Error Research
The CRIEPI group is also conducting more empirically oriented work for cataloging,
systematizing, and analyzing individual and group errors in the operation of nuclear power
plants. These efforts include a Human Error and Behavior Prediction System, which is a
rule-based, causal model for predicting error. The model is of the form “Too much
information is being supplied at the same time ~ leads to ~ Operators don’t know what to
attend to ~ leads to ~ Operators misjudge the cause of an alarm ~ leads to ~ Error in
decision-making ~ leads to ~ A specific error action ~. Rules were generated by sending
questionnaires to 3,500 experts with at least five years experience in plant operations and
maintenance, asking them the extent to which various error sources identified from a
literature review were associated with plant errors.
The researchers’ analysis of the causes of errors in the nuclear power industry attributes
includes a number related to the human-machine interface, including having poorly visible
indicators for devices, too much information arriving at the same time, and feedback on the
results of an operation arriving too late. Other categories of causes include internal
attributes of the operators (e.g., too little experience), work condition (e.g., task is
infrequently done), organizational factors (e.g., work responsibilities are not well
established), and environmental factors (e.g., the workplace is too noisy).
The research resulted in a computer program for assessing the severity of sources of error.
The CRIEPI group has also constructed a Japanese version of the Human Performance
Enhancement System, a technique for reporting on and diagnosing the root causes of error
reports in power plants. This is an attempt to systematize the analysis and evolution the
root causes of particular error episodes. The system provides a technique for collecting
data, analyzing causes, and proposing countermeasures based on the Human Performance
Enhancement Systems (INPO 1989).
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Human Performance Evaluation
The Center has developed a wearable Human Performance Monitoring System for
assessing the physical and physiological responses of plant operators as they go about their
work. The system consists of position sensors, eye movement sensors, body movement
sensors, and physiological function sensors. The system is designed to provide
performance feedback in experimental scenarios involving the redesign of plant equipment
and layout or work practices.

SUMMARY
While the Human Factors Center is doing a wide range of work relevant to plant safety, the
Operator-Power Plant Simulator is most relevant and interesting from the point of view of
human-computer interaction. It is noteworthy because it extends techniques developed in
the United States on cognitive models by adding the interaction among individuals in a
team and by meshing the human model with a simulation of an external dynamic system (a
power plant). Finally, it is using laudable research methods, by detailed comparisons of the
computer simulations with experimental studies of real human teams.
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Site:

DVL (Digital Vision Laboratories)
Place Canada, 3-37, Akasaka
7-chome, Minato-ku,
Tokyo 107, Japan

Date Visited:

May 26, 1995

Report Author:

T. Skelly
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Hosts:
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Hideyasu Karasawa
Dr. Shiro Hagiwara
Yasushi Nishimura
Masaharu Takano
Hitoshi Aoki

Executive Vice President
Vice President, Operations
Tel.: 81-3-5411-9801; Fax: 81-3-5411-9839
Vice President, Planning
Tel.: 81-3-5411-9830; Fax: 81-3-5411-9839
Senior Manager, R&D
Tel.: 81-3-5411-9811; Fax: 81-3-5411-9838
R&D Planning Director
Tel.: 81-3-5411-9812; Fax: 81-3-5411-9838
Planning Director
Tel.: 81-3-5411-9831; Fax: 81-3-5411-9839
Senior Vice President and Chief Technical Officer
Tel.: 81-3-5411-9810; Fax: 81-3-5411-9838

BACKGROUND
Digital Vision Laboratories (DVL), under the guidance of the Japan Key Technology
Center, plans a five-year period of test research lasting from March 1995 to March 2000.
Shareholders include Japan Key Technology Center, ASCII Corporation, Sony, Toshiba,
NEC, Hitachi, Fujitsu, and Matsushita Electric Industrial Company. Their goal is to
establish an international standard compatible with a variety of other standards, actively
collaborating with domestic and foreign industries and academics. The cost for this
ambitious project is estimated at ¥6.1 billion (~$61 million), with ¥4.27 billion (~$42.7
million) expected from the Japan Key Technology Center.
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RESEARCH AND DEVELOPMENT ACTIVITIES
Although DVL has just begun its mission (offices were only recently completed at the time
of the JTEC visit), the company has established a clear commitment to data standards,
including those for high definition (HD) imagery. Under the guidance of the Japan Key
Technology Center, DVL has already begun a project to establish a digital HD multimedia
system, including its related technologies.
DVL will be conducting R&D of “middleware” such as protocols, which allow
interoperability among various hardware devices and system software, and application
interfaces.

SUMMARY
To quote from ASCII’s DVL brochure: “In light of recent developments in digital
technology, society is raising its expectations toward multimedia information service. To
make these information services widely available, it is essential to establish technology
allowing the free exchange of information among computers, networks, digital video discs,
and other equipment. Creating a unified environment of house appliances, computers, and
communications will also be necessary. Technology to manage high-definition (HD)
imagery is also indispensable to prepare for the needs of the 21st Century.”
While this site report is about DVL activities, it is important to note DVL’s strong
connection with ASCII Corporation. Kazuhiko Nishi, Executive Vice President of DVL, is
president of ASCII Corporation. ASCII, as of 1994, had 790 employees and annual sales
of ¥37.05 billion (~$370.5 million). ASCII, which began as a magazine publishing house,
rapidly moved into many important areas of computing, information, and entertainment
services. It is easy to see that ASCII and other similarly diverse corporations stand to
greatly benefit from any successes DVL may have in its efforts to integrate information
software services and digital technologies. (See Graphics Communications Labs site report.)
Media integration is an extremely ambitious goal, especially given the project’s typical
five-year duration. Reviewing the development of competing media formats (VCRs, laser
disc players, game machines, high-definition television) and the proliferation of new media
formats, it seems unlikely that enough alliances, especially outside of Japan, can be
established to achieve the DVL goal of a universal software and hardware “middleware”
system (software that will allow communication between competing data formats).
However, it is highly likely that the effort to produce “middleware” will prove of benefit to
participating shareholders, if not to the entire world.
REFERENCES
ASCII Corporation. 1994. DVL — Digital Vision Laboratories. Brochure.
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Site:

Electrotechnical Laboratory
Agency Of Industrial Science and Technology
Ministry Of International Trade And Industry
1-1-4 Umezono, Tsukuba
Ibaraki Prefecture 305, Japan
Tel.: 81-298-58-5312
Fax: 81-298-58-5349

Date Visited:

May 25, 1995

Report Author:

T. Sheridan

ATTENDEES
JTEC:
S. Chipman
E. Glinert
T. Sheridan
Hosts:
Dr. Nobuyuki Otsu
Dr. Fumiaki Tomita

Satoshi Haraichi
Dr. Takio Kurita

Dr. Toshikazu Kato
Dr. Kazuyo Tanaka
Dr. Hiroshi Fujimoto

Director of Machine Understanding Division
E-mail: otsu@etl.go.jp
Chief, Computer Vision Section
Intelligent Systems Div.
E-mail: tomita@etl.go.jp
Chief, International Affairs
Research Planning Office
Mathematical Informatics Section, Information
Science Division
E-mail: kurita@etl.go.jp
Intelligent Systems Div.
E-mail: kato@etl.go.jp
Machine Understanding Div.
E-mail: ktanaka@etl.go.jp
Assistive Technology Lab, Human Environment
Systems Dept., National Institute of
Bioscience and Human Technology
E-mail: fujimotot@nibh.go.jp
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BACKGROUND
ETL is one of the largest of Japan’s national institutes, with 528 researchers, 120 of whom
are in information processing. It was founded in 1891 as a testing lab. The annual R&D
spending is ¥10 billion (~$100 million). The four major fields are information technology,
energy, electronics, and standards and measurement. The Machine Understanding Division
of ETL is divided into sections on machine inference, natural language, speech processing,
and image understanding. The Intelligent Systems Division contains sections on computer
vision, intelligent machine behavior, autonomous systems, interactive interface systems,
and communicating intelligence.

RESEARCH AND DEVELOPMENT ACTIVITIES
A major new activity of ETL described by Dr. Nobuyuki Otsu (1993) is the Real World
Computing (RWC) Program. Dr. Otsu directs 60 researchers on the RWC project for ETL.
Based on massively parallel, optical computing, and neural system technologies, the goal
of this project is to develop new and more flexible technology for recognition and
understanding, problem solving, simulation and human interfaces, and autonomous and
cooperative control. All of these areas are characterized by ill-defined problems, large
amounts of data, and the requirements for flexibility, ability to cope with noise, ability to
learn and adapt, and so forth. The RWC project was begun in 1992 and will run for 10
years on a budget of about $500 million. It involves 21 cooperating firms or institutions,
including one in Germany, one in Sweden, one in the Netherlands, and one in Singapore.
As examples of application, Dr. Otsu cited household robots and electronic secretaries and
librarians.
Dr. Toshikazu Kato described ETL work on image processing and graphical image
matching (Hirata and Kato 1992; Kato 1995). An exemplary application is graphical
trademark infringement. Data from experiments in subjective comparisons of logo images
were learned by the computer and the computer could then decide if there is infringement
(interestingly, males and females gave systematically different results).
Dr. Fumiaki Tomita demonstrated research on vision sensing and corresponding touch
shape display aimed, perhaps, at aiding persons with limited vision. The display was a
coarse pin matrix, each pin driven by a stepper motor.
Dr. Kazuyo Tanaka presented work on graphical human-machine interfaces augmented by
speech recognition and synthesis (Katunobu et al. 1994; Itou et al. 1993; Hasegawa et al.
1995). Researchers in this project aspire to realistic facial expression and speech
interaction, coupled with a mental model of the context or dialog situation (e.g., to identify
the user).
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REFERENCES
Hasegawa, O., K. Itou, T. Kurita, S. Hayamizu, K. Tanaka, K. Yamamoto, and N. Otsu. 1995.
Active agent-oriented multimodal interface system. IJCAI.
Hirata K. and T. Kato. 1992. Query by visual example. Lecture notes in computer science. In
Advances in database technology, vol. 580, ed. A. Pirotte et al. Berlin: Springer-Verlag.
Itou, K., S. Hayamizu, K. Tanaka, and H. Tanaka. 1993. System design, data collection and
evaluation of a speech dialog system. IEICI Trans. Information and Systems E76-D(1).
Itou, K., T. Akiba, O. Hasegawa, S. Hayamizu, and K. Tanaka. 1994. Collecting and analyzing
nonverbal elements for maintenance of dialog using a wizard of oz simulation. 1994
International Conference on Spoken Language Processing, 18-22 September, Yokohama,
Japan.
Kato, T. 1992. Database architecture for content image retrieval. Image Storage and Retrieval
Systems. SPIE 1662.
Kato, T. 1995. Human media technology: Human-centered approach to information environment.
Proc. Information Systems and Hypermedia, 23-24 March, University of Tokyo.
Otsu, N. 1993. Toward flexible intelligence: MITI’s new program of Real World Computing.
Proc. 13th IJCAI 93:1. France.
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Site:

Fujitsu Laboratories, Ltd.
64 Nishiwaki, Okubo-cho
Akashi 674, Japan
Tel.: 81-78-936-1221

Date Visited:

May 23, 1995

Report Author:

T. Skelly

ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Sheridan
T. Skelly
Hosts:
Dr. Shuzo Morita

Dr. Shinya Hasuo
Tsuneo Katsuyama

Eiichiro Yamamoto

Deputy General Manager, Personal Systems Labs.
Tel.: 078-936-1221; Fax: 078-934-3312
E-mail: smorita@flab.fujitsu.co.jp
General Manager, Personal Systems Laboratories
Tel.: 078-934-8279; Fax: 078-934-3314
Manager, Distributed Systems Laboratory, Systems
Research Division, Personal Systems Laboratories
Tel.: 078-936-1221; Fax: 078-934-3312
E-mail: PDB02055@fjcug.fujitsu.co.jp
Manager, Human Interface Laboratory, Systems
Research Division, Personal Systems Laboratories
Tel.: 078-936-1221; Fax: 078-934-3312
E-mail: eiyama@flab.fujitsu.co.jp

Dr. Takashi Toriu
T. Kakimoto
BACKGROUND
Fujitsu has three overlapping product categories: computers and data processing systems,
telecommunications, and electronic devices. As of June 1994, 70% of the company’s
unconsolidated net sales were in computers and data processing, representing sales of
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¥1.513 trillion (~$15 billion) for the 1994 fiscal year. The company slogan is, “What
mankind can dream, technology can achieve.”
Fujitsu Laboratories, Ltd., was created in 1962 through the merger of R&D sections
previously managed by separate technical divisions. In 1968, it was spun off as a whollyowned subsidiary of Fujitsu, Ltd. It now has approximately 1,650 employees and capital of
¥5 billion (~$50 million).
The laboratory was established to develop computer and telecommunications hardware and
software, multimedia applications, human interfaces, and new materials and devices.

RESEARCH AND DEVELOPMENT ACTIVITIES
Fujitsu Laboratories consists of five separate laboratories: the Multimedia Systems
Laboratories, researching systems, software, and infrastructural technology for multimedia;
the Personal Systems Laboratories, focusing on systems and devices for information
processing at home and in the office; the Electronic Systems Laboratories, focusing on
peripherals and imaging, sensing, and control technologies; the Electron Devices and
Materials Laboratories, focusing on ULSIs and optoelectronic devices and materials; and
the Institute for Social Information Science, specializing in information science.
The JTEC team visited the Personal Systems Laboratories, located in Akashi. Research
being conducted here focuses on distributed systems, personal computing, the humancomputer interface, applied systems, the magneto-optical disk, display devices, media
devices, and electronics packaging.
The Fujitsu Personal Systems Laboratories are pursuing a broad range of research
activities, as described by the presenters:
Following an introduction to Fujitsu and Fujitsu Laboratories by Dr. Shuzo Morita,
Dr. Shinya Hasuo described research on “Kikou,” the “my way” project. This project is
actually a series of unique and adventurous research projects, including a prototype of
automated robot legs controlled by the user shifting his or her weight in the seat.
Dr. Takashi Toriu discussed human vision and methods of generating apparent motion
within random dot fields, and Eiichiro Yamamoto discussed some results of the MITI
project, “Friend 21.”
The presentations concluded with Dr. Morita showing a video of his work with artificial
creatures (see Fig. 4.3, p. 46). Of interest was that the immersion effect that was achieved
with a very large screen rather than head-mounted displays, allowing multiple users to
participate. As Dr. Morita is fundamentally interested in exploring the emotional side of
human-computer interaction, his creatures did not speak (though they did sing) but rather
behaved as playful pets would. Another experiment with his creatures that incorporated
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broadcast video and phone-in callers produced an entertaining example of interactive
television.
Following a break, the JTEC team saw several demonstrations. Mr. Katsuyama discussed
“MONSTER,” a broadband ISDN workstation with enough capacity to handle multiple
moving images. A particular feature of this project was its emphasis on preserving the
look and feel of books and paper. T. Kakimoto demonstrated the Electronic Library, an
interface for retrieving network library information, which included machine translation
capabilities.
Probably the most captivating demonstration was an entertainment product currently under
development. Called “Teo, another Earth,” it featured an extremely well-executed
refinement of Dr. Morita’s artificial creatures (see Fig. 4.4, p. 47). The featured character,
a dolphin-shaped bird, sang, ate, and generally behaved like a shy wild creature that the
user could gradually make friends with. It was charming.

SUMMARY
The Fujitsu Personal Systems Laboratories represented a quirky change of pace for the
JTEC team. The friendly researchers and almost playful atmosphere demonstrated that a
large corporation can maintain contact with a part of the human-computer experience
usually ignored by most researchers.

REFERENCES
Fujitsu Laboratories. Corporate brochures.
Katsuyama, T., H. Kamata, S. Okuyama, T. Suzuki, Y. Minakuchi, K. Yano. 1993. Multimedia
paper services/Human interfaces and multimedia communication workstation for broadband
ISDN environments. IEICE Trans. Commun. E76-B (3).
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Site:

Graphics Communication Laboratories (GCL)
6F Annex Toshin Bldg.
4-36-19 Yoyogi, Shibuya-ku
Tokyo 151, Japan
Tel.: 81-3-5351-0181
Fax: 81-3-5351-0185

Date Visited:

May 26, 1995

Report Author:

T. Skelly
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ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
T. Sheridan
T. Skelly
Hosts:
Sakae Okubo
Shunji Uegaki

R&D Headquarters, Deputy General Manager
E-mail: okubo@gctech.co.jp
District Manager, 3rd Department
E-mail: uegaki@gctech.co.jp

Shingo Ueda
Koichi Ohyama
Hideo Arai
Yoshizumi Watatani

BACKGROUND
Graphics Communication Laboratories (GCL) is a five-year, limited project company
founded in March 1993 and scheduled to be closed in March 1998. The founding investors
are Japan Key Technology Center (70%), ASCII Corporation (10%), Hitachi (8%), JVC
(8%), and NEL, a subsidiary of NTT (4%). The total financial participation equals
¥5 billion (~$50 million). The chairman of GCL is Kazuhiko Nishi and its President is
Toshio Otake. GCL currently employs approximately 40 individuals.
The purpose of this venture is to create intellectual properties in the form of patents,
computer software, and design data for LSI, systems, and so forth. After its March 1998
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closing date, GCL will be the licensing firm for managing and controlling the intellectual
properties created during the research period. The company feels that this will provide the
advantages to its investors and other companies of joint development at low cost for new
technologies and low royalty rates to be paid by licensees. It is GCL’s policy to follow
standards (MPEG, MHEG, SG15, The ATM Forum, DAVIC, and corresponding domestic
committees relevant to multimedia services and applications); to harmonize with
application trends; and to be the first company to develop certain new technologies, but
without competing with technological developments at other companies in which the
partners have invested.

RESEARCH AND DEVELOPMENT ACTIVITIES
The goals of GCL (at the time of foundation) were to create a “harmonized” format for
storage and broadcasting and communication media, to create a digital HDTV or higher
resolution Codec, and to develop an integrated media TV system. It appears that Digital
Vision Laboratories (DVL) has taken on the goal of harmonizing digital formats focusing
on Middleware technologies (see DVL site report), but GCL’s other goals are being
actively pursued. These fall into three classes:
•

development of MPEG LSIs for both conventional and UDTV television

•

development of multimedia system technology — exploring the feasibility of a
complete, integrated system — to include content production

•

development of an audiovisual terminal in an ATM environment; that is, establishing
ATM access technology for an integrated terminal that can be used for conversational
services, distribution services, and database access services, and that contributes to the
ITU-T standardization

The JTEC team was presented with some current work in these areas:
The first presentation was of a 1,125-line progressive (non-interlaced) digital HDTV
image. The original progressive signal is separated into two ordinary interlaced HDTV
signals, both stored on conventional HDTV disks, and then combined into a full frame of
HDTV video (at a rate of sixty times a second) for presentation.
The second demonstration allowed team members to compare uncompressed digital HDTV
video with video that had been previously compressed and decompressed, then displayed in
real time. At 40-to-1 data compression, the compressed and uncompressed images were
practically identical. At 80-to-1, a truly remarkable degree of data compression, the images
maintained a high level of quality, except in areas of largely uniform color that were in
motion, such as flags. This, GCL representatives admitted, was something still to be
worked out. Regardless, it was impressive.
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The third demonstration was of what GCL calls “Information Cafeteria — A structured
multimedia/hypermedia information retrieval system.” GCL defines this system as an
evaluation platform for future multimedia services, including a multimedia newspaper and
magazine service utilizing text, graphics, audio, and video. The company has based this
system on an ATM network running at a data rate of 156 Mbits per second. This indicates
that GCL sees this system not just as a media post-production tool (for which it can be used
and which it resembles in function), but as an end-user system for customizing data
delivery. Most notably, the Information Cafeteria uses compressed digital TV as its video
source, displayed on an HDTV monitor. Text and audio are treated as separate elements.

SUMMARY
Given its somewhat reduced goals, Graphics Communications Laboratories seems well on
its way to delivering on its five-year promises. GCL’s compression and display efforts
appear to be healthy, but given the current costs of the hardware necessary to provide users
with tools as sophisticated as the Information Cafeteria, it is well that the company views it
as “an evaluation platform for future multimedia services.”

REFERENCES
Graphics Communication Laboratories. Corporate brochure and slides.
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Site:

Hitachi Research Laboratory
1-1, Omika-cho 7-chome
Hitachi-shi
Ibaraki-ken, 319-12, Japan

Report Author:

J. Foley

Date Visited:

May 19, 1995

ATTENDEES
JTEC:
J. Foley
Hosts:
Dr. Junzo Kawakami
Shinya Tanifuji
Koyo Katsura
Masayuki Tani
Dr. Ken’ichi Anjyo
Yoshio Iwase
Toshifumi Arai

Deputy General Manager; Manager, Planning Office
Manager, Second Department of Systems Research
Senior Chief Researcher, First Department, Systems
Research
Senior Chief Researcher, First Department, Systems
Research
Senior Researcher, Second Dept., Systems Research
Senior Researcher, International Coordination Office
Researcher, First Department, Systems Research

BACKGROUND
Hitachi is one of the three largest industrial corporations in Japan, along with Matsushita
and Toyota. The company has 7 research labs:
•
•
•
•
•
•
•

Hitachi Research Laboratory (HRL)
Central Research Laboratory
Mechanical Engineering Research Laboratory
Production Engineering Research Laboratory
System Development Laboratory
Design Center
Advanced Research Laboratory

In fiscal year 1994 (1 April 1994 to 31 March 1995), Hitachi reported annual sales of
¥3.7 trillion (~$37 billion) and profits of ¥56.4 billion (~$564 million). The company
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invested 10.2% of annual sales in R&D during that period. Hitachi has a total of 77,185
employees; HRL employs 843 researchers.

RESEARCH AND DEVELOPMENT ACTIVITIES
Graphics Hardware and User Interfaces
Koyo Katsura provided an overview of the activities of the First Systems Department in
LSI for graphics hardware, graphics applications, and user interfaces. One commercially
available game system uses two Hitachi SH2 RISC chips and a special purpose graphics
chip developed in this group. The RISC chip is a 30-MIPS, 32-bit chip. The graphics chip
is able to render texture mapped polygons for realistic scene generation.
A no-parallax LCD design has been developed to facilitate pen-based computing. The
front plate of the LCD is essentially a big fiber-optic bundle that brings light to the surface
of the display. The technology is currently too expensive for use.
An automotive navigation application was developed in the lab.
In the user interface area, Toshifumi Arai demonstrated InteractiveDESK (Arai et al.
1995), which extends Wellner and Newman’s DigitalDesk, using the same notion of an
overhead camera pointing down on a desk area to sense physical objects (in this case
indicated by differently-shaped and colored labels on the objects), plus a bottom-projected
large screen embedded in the desk with a pen-sensing overlay. A conventional display
facing the user is mounted in a vertical panel at the back of the desk. Bringing real-world
objects, such as a file folder with camera-sensible labels on it, causes a directory listing for
that file folder to appear on the screen. Moving the keyboard into the middle of the desk
causes information to be displayed on the conventional display, as the desk-embedded
display is partially obscured. One portion of the tablet can be used for inputting kanji
symbols, which are automatically recognized. This is a further move toward integrating
computer and physical desktops.
Multimedia Interfaces. Two user interfaces demonstrated in the Second Systems
Department use multimedia. The first, called Object-Oriented Video, is intended for
process monitoring and control applications. Object-Oriented video provides an operator
interface that is a combination of traditional process flow diagrams (of the type used with
power plants, chemical processes, and manufacturing plants) and actual video views of
process equipment (boilers, rolling mills, furnaces, and control panels) (Tani et al. 1992).
Live video images from cameras in a plant are shown to the operator, providing a more
direct relationship to the process. Hyperlink “hot spots” on the videos provide more
detailed video views or overlayed graphics giving more information about the current
status (temperature, flow rates, etc.) of the physical object. Camera positions are fixed in
the plant, allowing the hot spots to be defined by their screen coordinates.
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Control panels shown in the videos, consisting of slider dials, switches, and the like, can be
directly manipulated in the video view to control the process: this requires that sliders and
switches be controlled by servos linked to the computer system, which in practice is
unlikely. User studies have not yet been conducted to determine whether the video images
assist operators in their monitoring and control tasks.
The second system, Courtyard (Tani et al. 1994), integrates a large-screen display and
several individual workstation displays for process control purposes. On the large display
is an overall process flow diagram. Operators are able to call up on their individual
displays more detail about objects on the large display. The same object might be shown
differently in the detailed views, based on the information requirements of tasks assigned
to each operator. Smooth techniques were developed for cursor movement between the
large screen and individual displays.
The third system, User-Centered Video, is intended for applications in which multiple
video windows are shown to a user but where bandwidth to the terminal is limited so that
not all the videos are shown at high resolution and high refresh rates (Yamaashi et al.
1995). The question is how to allocate the available bandwidth to the various video data
streams. This system allocates bandwidth based on an estimate of the user’s interest in
each of the videos. The “current” video window as indicated with the mouse and cursor is
assumed to be of greatest interest; the user’s interest in another video is assumed to be a
negative exponential function of the distance from the current video to the other video.
Also, the user can designate a region of a video to be shown with higher fidelity than the
rest of the video. The user-centered video approach is appealing and appears viable. The
next step would be to perform usability studies to determine the effectiveness of the
heuristics used to measure a user’s interest.
Modeling for Computer Graphics
Dr. Ken’ichi Anjyo showed a video illustrating several projects that seek to create realistic
graphics images. In Takeuchi et al. 1992, flocking behaviors of different sorts are created
by associating repulsive and attractive fields of different strengths with moving and fixed
objects. Thus a car driving into a group of people causes the people to move away from
the car, perhaps coming closer to one another than would happen were the car not present:
the car repels people away from it with a greater force than people repel one another.
Human hair being blown by wind or going back and forth as one runs is modeled in great
detail (Anjyo et al. 1992). Each strand of hair is considered to be up to 20 short segments,
with a bending stiffness at each joint and a mass for each segment. Beautiful images are
created with 50,000 strands of hair on a high-end workstation in less than a minute per
frame.
Walking with emotion (Unuma and Takeuchi 1991) starts with digitized videos of humans
walking with different strides (standard or basic walk, happy, purposeful, sulking). The
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basic joint movements for the standard walk are separated from the motions associated
with the emotional walk. Then, new types of walks and interpolations between walks are
created by using weighted combinations of the emotional walks added onto the basic walk.
A further extension of this work allows real-time performance considering step constraints
as well as emotional behaviors.
A stochastic fractal technique for modeling natural objects, such as clouds, terrains, and sea
waves (Anjyo 1991), creates a large family of realistic-looking objects using a common
mathematical framework. Parameters of the model have relatively intuitive meanings
(directions of movements, silhouettes of shapes), allowing shapes to be created by those
unfamiliar with fractals.

SUMMARY
The graphics hardware work primarily focuses on low-cost, moderate performance
graphics for home entertainment systems. There is in general no comparable U.S. activity.
The InteractiveDESK work is in the same genre as earlier Xerox work and is a nice
extension.
The process-control work (Object-Oriented Video, Courtyard, User-Centered Video) is on
a par with and similar to work in Europe.
The computer graphics modeling work is very nice, and is competitive with work being
done in the United States and Europe. Some of the techniques could be used right now in
the context of games; other techniques await hardware performance gains.
All of the work demonstrated, with the possible exception of the nonparallax LCD display,
has been reported in the literature in papers published between 1991 and 1995.
The work has a distinct engineering orientation, with no reported user experimentation to
determine acceptability.

REFERENCES
Anjyo, K. 1991. Semi-globalization of stochastic spectral synthesis. The Visual Computer
7:1-12. Tokyo:Springer-Verlag.
Anjyo, K., Y. Usami, and T. Kurihara. 1992. A simple method for extracting the natural beauty of
hair. In Proceedings SIGGRAPH ‘92 Conference, published as Computer Graphics
26(2):111-120.
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Arai, T., K. Machii, S. Kuzunuki, and H. Shojima. 1995. InteractiveDESK: A computeraugmented desk which responds to operations on real objects. Interactive poster in CHI ‘95
Conference Companion, 141-2.
Takeuchi, R., M. Unuma, and K. Amakawa. 1992. Path planning and its application to human
animation system. Creating and animating the virtual world, ed. N. M. Thalmann and
D. Thalmann, 163 - 175. Tokyo:Springer-Verlag.
Tani, M., K. Yamaashi, K. Tanikoshi, M. Futakawa, and S. Tanifuji. 1992. Object-oriented video:
Interaction with real-world objects through live video. Proceedings CHI ‘92, 593-98, 711-12.
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Site:

IBM Japan Limited
Human Factors Lab.
1623-14, Shimo-tsuruma, Yamato-shi
Kanagawa-ken 242, Japan

Date Visited:

May 25, 1995

Report Author:

S. Chipman
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ATTENDEES
JTEC:
S. Chipman
M. DeHaemer
Hosts:
Masayoshi Yano
Kazuo Tsuchiya
Tohru Tamura
Ryohji Yoshitake

Manager, Technology Support
Manager of Human Factors, RAS Design
Human Factors
Human Factors

BACKGROUND
IBM Japan includes both a marketing operation (approximately $10 billion in sales) and
the Asia-Pacific technical operation. Manufacturing operations in Japan are in Yasu, Shiga
Prefecture, and Yamoto. The Yamoto (Tokyo) laboratory is one of four corporate
laboratories worldwide, the others being in Yorktown Heights, NY; Zurich; and San Jose,
CA. Yamato has primary responsibility for R&D in support of IBM’s laptop Think Pad
computers (except the 500 series), as well as Japan-unique products such as a “green PC”
with low power requirements and a smaller Think Pad sold only in Japan.
Among the Technology Support areas in the lab are a Human Factors Group and also a
Human Interface Design Group. The former group includes six persons: two industrial
engineers, two physical anthropologists, and two psychologists, one of whom specializes in
visual psychophysics. The latter group, which the JTEC team did not visit, is composed of
industrial and graphic designers. Human factors work began at IBM Japan in the 1970s,
and the Human Factors department was founded in 1985.
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RESEARCH AND DEVELOPMENT ACTIVITIES
The Human Factors Department conducts applied research in very direct support of both
product development and marketing. For the most part, the research activity in human
factors appeared to be directed at relatively low-level perceptual issues. Two projects of
this type were presented to the JTEC team. One was a psychophysical study of the
subjective impact of defects in thin-film transistor/liquid-crystal displays. A mathematical
function combining the luminance, color, location, and number of defecting subpixels was
developed to provide a score to be used in quality control decisions. A second effort
systematically investigated the factors influencing perceived screen flicker for LCD
displays.
The Human Factors group also has a large, well-equipped usability laboratory with four
remotely controlled video cameras and some capacity for software recording of key
strokes. Evidently this lab is primarily used for informal studies in which development
engineers are brought in to observe users. At the time that the JTEC team visited, a
comparative usability study among several competing brands of PCs was being done to
support market operations.
Additional interesting discussions resulted from a chance remark about the portable
computer used to make the presentation, which was unique to Japan. It had a small
keyboard, said to be unacceptable in the United States, and considerably lighter weight,
said to be an attractive feature for train-commuting Japanese. Japanese entry on this
keyboard used hiragana. Acceptability of the smaller keyboard was attributed primarily to
the smaller size of typical Japanese hands rather than to possible different typing methods.

REFERENCES
IBM.
____.
____.
____.
____.

N.d. Attaining and Delivering Quality Products. Brochure.
Practicing and Harmonizing with the Environment. Brochure.
Communicating with Customers. Brochure.
Searching and Creating Tomorrow’s Product. Brochure.
Using and Building Development Support Systems. Brochure.

Tamura, T., and Y. Gohda. 1995. A psychometric scale of TFT/LCDs with a few defecting
sub-pixels. Paper read at HCI International ‘95, 9-14 July, Tokyo.
Yoshitake, R., and R. Kataoka. 1995. Measurement of TFT/LCD flicker for ISO compliance.
Paper read at HCI International ‘95, 9-14 July, Tokyo.
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Site:

Matsushita Electric Industries, Central Laboratory
3-4 Hikaridai, Seika-cho
Souraku-gun, Kyoto 619-02, Japan
Tel.: 0774-98-2509
Fax: 0774-98-2587

Date Visited:

May 22, 1995

Report Author:

T. Sheridan

ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Sheridan
T. Skelly
Hosts:
T. Mitsumata
Y. Yamada
K. Matsui
S. Maruno
E. Nomiyama,
T. Nakanishi
Y. Ohiwa

General Manager, Central Research Laboratories
Leader, Central Research Laboratories
Leader, Central Research Laboratories
Leader, Central Research Laboratories
Central Research Laboratories
Senior Coordinator, Overseas Department
Coordinator, Overseas Department

BACKGROUND
Matsushita was founded in 1918 by Konosuke Matsushita. The company supports the
development of products under many trade names such as Panasonic, National, Technics
and Quasar. Matsushita’s product lines are in audio, video, home appliances, information,
communication, housing, building, and industrial products. At the time of the JTEC visit
the company had 254,000 employees and annual sales of $64 billion. R&D expenditures
were $3.71 billion, or 5.8% of sales.
There are 250 researchers in the Central Lab, which interacts with both the product
development and the business (sales) divisions. Human interface is one of eight
departments in this lab. Matsushita operates a speech technology lab in Santa Barbara, CA,
and 9 other offices or labs in the United States.

120

Appendix C. Site Reports

RESEARCH AND DEVELOPMENT ACTIVITIES
Y. Yamada made a presentation on speech training technology, primarily on speech
training for the deaf. By means of sensors on the subject’s neck, nose, and tongue
(63 electrodes!), and measurement of airflow in addition to microphone signal, subjects are
able to receive feedback on whether they are saying things properly and how to improve.
After subjects receive sufficient training, Matsushita’s system is significantly better than
conventional methods. Two hundred of the systems are now being used in schools for the
deaf. Interactive displays were also demonstrated that encourage speakers to give
commands to make a basket, or to make it rain, and so forth.
Yoshizumi discussed the company’s digital hearing aid technology, which makes extensive
use of DSP chips. One version is 59 x 63 x 26 mm and weighs 98 g. A new system has
interesting features, such as suppression of impulsive sounds (noises), spectral shaping to
enhance higher frequencies, means to separate consonant spectra and otherwise improve
consonant perception. The clarity enhancement was demonstrated.
K. Matsui presented and demonstrated the firm’s work on voice synthesis and recognition
technology for both Japanese and English. Matsushita is interested in inputting speech
recognition into consumer products (a VCR with speech recognition adds only $30), car
navigation, e-mail applications, public information services, and an electronic receptionist.
S. Maruno made a presentation of research on neural network and fuzzy technologies. The
company’s approach utilizes a multifunction layered network with a quantizer neuron
model. This has been implemented in a Matshushita-built neural chip. The company’s
researchers also are experimenting with neural networks interacting with symbolic
processing. They are developing applications to such products as washing machines, air
conditioners, and camcorders.
The JTEC panel was finally introduced to a fascinating project to study the linear and
rotary motors inherent in bacteria flagella, which rotate at 100,000 rpm.

REFERENCES
Matsushita. 1994. Proceedings, Second International Symposium on Speed and Hearing
Sciences. Sponsored by Matsushita Electric Industries, Ltd., 24-25 September, in Osaka.
_____. N.d. Matsushita speech recognition technology. Internal report.
Mekata, T., Y. Yoshizumi, Y. Kato, E. Noguchi, and Y. Yamada. 1994. Development of a
portable multi-function digital hearing aid. Proceedings, ICSLP 94, Yokohama.
Tsukoba, E. and J. Nakahashi. 1994. On the fuzzy vector quantization based hidden markov
model. IEEE paper 0-7803-1775-0/94.
Zhao, X., and H. Wakita. N.d. Experiments with a speaker independent continuous speech
recognition system on the time database.
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Site:

Mitsubishi Electric Corporation
Computer and Information Systems Laboratory
5-1-1, Ofuna, Kamakura
Kanagawa 247, Japan

Date of Visit:

May 25, 1995

Report Author:

J. Foley

ATTENDEES
JTEC:
J. Foley
E. Glinert
J. Hollan
R. Kraut
Hosts:
Dr. Tomatsu Nomakuchi
Mizuho Yoshida
Masahito Tsuchiya
Masahiko Sakata
Dr. Yoshiharu Abe
Michio Hiruta
Hironao Oz
Katsushi Suzuki
Akira Takano

General Manager
Manager, Planning Department
Senior Designer, Visual Communication Group
Engineer, Quality Assurance & Product Safety Ctr.

BACKGROUND
Mitsubishi Electric Corporation (MELCO) is one of several major Japanese corporations in
the electrical/electronic industry segment, with roughly $30 billion in annual sales at the
time of the JTEC visit. There are 15 research labs; all but one is in Japan. The lab
employs about 4,000 researchers, with a budget that is 7% of annual sales.
The laboratories and those areas of research directly related to HCI are as follows:
•

Central Research Laboratory (Information & System Science)

•

Materials and Electronics Devices Laboratory (Display Devices)

•

Semiconductor Research Laboratory
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•

Industrial Design Center (Human Interface Research, Marketing Survey and Results
Analysis, New Product Design)

•

Industrial Electronics and Systems Laboratory (Intelligent Building and Public
Systems, Automotive Electronics Systems)

•

Electro-optics and Microwave Systems Laboratory

•

Computer and Information Systems Laboratory (Information Systems and Software
Engineering, Multimedia Technologies)

•

Communications Systems Laboratory

•

Imaging Systems Laboratory (Digital Image and Audio Signal Processing)

•

Personal-Use Electronics Laboratory (Communications Devices for Personal Use,
Electronic Equipment and Systems for Office Use, Devices and LSI for Multimedia)

•

Mitsubishi Electric Research Laboratory, Inc. (Research in Computer Science and Uses
of Computers)

•

Manufacturing Development Laboratory

•

Living Environment Systems Laboratory (Home Appliances and Systems)

•

ULSI Laboratory

•

System-LSI Laboratory

•

Optoelectronic and Microwave Devices Laboratory

The JTEC team visited the Computer and Information Systems Laboratory: researchers
from the Industrial Design Center and Personal-Use Electronics Laboratory joined the team
there for the presentations.

RESEARCH AND DEVELOPMENT ACTIVITIES
GUI Commuter Ticket Vending Machine
Masahito Tsuchiya’s presentation focused on the process used for designing a new subway
ticket vending machine. The design was done by Mitsubishi’s Industrial Design
Department, which performs usability testing and has developed a set of screen design
principles.
The design process began with a survey of competitive systems currently in use at subway
stations, which then led to a proposed new design. The new design was evaluated in a
usability study with 5 evaluators. The sessions were videotaped. Evaluation was via
protocol analysis, questionnaires, task completion timings, and error rates. The entire
process was quite similar to those used by companies in the United States.
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Usability Analysis via Cognitive Science and Semiotics
According to Masahiko Sakata, the Home Electronics Products Division has a five-person
group that is developing a design methodology incorporating three aspects of humancomputer interaction:
•

the physical aspects, traditionally referred to as Ergonomics or Human Factors

•

the cognitive aspects, dealing with learning, understanding, and problem-solving

•

the emotional aspects, dealing with feelings

The Mitsubishi representatives stated that they are now concentrating mainly on the
cognitive aspects. The emotional aspects have not been investigated, though our hosts see
possibilities for this in the future. A methodical approach to this could make a
contribution, if it is further developed and proven to be effective.
Document Management System
Katsushi Suzuki demonstrated FinalFiling, a commercially-sold document filing and
retrieval system. It accepts scanned-in documents, does kanji character recognition, and
creates keyword indexes for the documents. A contemporary GUI interface allows users to
enter search criteria for either a keyword-based or full-text search retrieval. FinalFiling
uses a client-server architecture with an SQL interface. A MELCO UNIX computer was
used for the demonstration.
Voice Recognition
Dr. Yoshiharu Abe surveyed MELCO’s commercial products in speech recognition, and
then discussed his research.
MELAVIS is a speech recognition system that has been sold since March 1995. It is
speaker-independent, recognizes isolated words from a 1,000-word vocabulary (the 1,000
currently-active words come from a larger 100,000 word vocabulary), and has a recognition
accuracy of 95%. Dr. Abe believes it is most appropriately used for question-answer
dialogues in which the speaker is being led through a series of steps, thereby limiting the
number of words available at any point in time.
Dr. Abe also indicated that work is underway on continuous speech recognizers which can
robustly deal with “ungrammatical order” of words, extraneous words, hesitations,
repetitions, and unknown words. He did not discuss the techniques being used. A speechto-text typewriter system is being developed.
The research work of Dr. Abe concerns recognizing phonemes using techniques that have
an error rate half that of current approaches. Following phoneme recognition, phoneme
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sequences are recognized using statistical techniques. Then homonyms are disambiguated
using a statistical corpus. Their approach has a 90% syllable recognition rate, versus 80%
for other current approaches. Details of the new approach were not discussed.
Hypermedia
Hironao Oz and Akira Takano demonstrated ASSISTAS, a commercially-sold system.
ASSISTAS runs on MS Windows, and creates hyperlinks between or within files created
with various Windows-based programs, including both custom and third party software. A
“hot spot” is selected as the source for the hyperlink, and then a target for the hyperlink is
specified. Hot spots of each source file are selected by either positions or logical entities:
hot spots are still valid, even if the source file is edited so that logical entities move about
in the file.
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Site:

National Center for Science Information Systems
3-29-1 Otsuka, Bunkyo-Ku
Tokyo 112, Japan

Date visited:

May 26, 1995

Report Author:

E. P. Glinert

ATTENDEES
JTEC:
E. P. Glinert
T. Skelly
Host:
Dr. Hisao Yamada

Deputy Director General

BACKGROUND
The National Center for Science Information Systems (NACSIS) is a unit of the Ministry
of Education, Science, and Culture. It was formed in April 1986 from the Center for
Bibliographic Information at the University of Tokyo and is located on the old campus of
Tsukuba University. It is one of about 15 interuniversity research institutes that serve all
university researchers in Japan. Its charter is to gather, organize and provide scholarly
information, as well as to carry out R&D related to scholarly information systems. Its
scope spans the natural sciences, the social sciences, and the humanities. Its network
services link university libraries, computer centers, information processing centers, and
national university research institutions throughout Japan, and interconnect them with
research networks in the United States via a node in Stockton, California and in the United
Kingdom via a node at the British Library in London.
By the end of fiscal year 1993, a total of 310 university libraries were connected on-line to
NACSIS at 243 institutions. There were 44 databases in service containing over 44 million
records. The primary NACSIS-CAT unified holdings catalog alone contained about
12.9 million records. The NACSIS-ILL inter-library loan service recorded more than
400,000 transactions among the 190 participating institutions during the year. NACSIS
inaugurated the Japanese national electronic mail service in 1987, which it continues to
support and enhance (e.g., network news was added in Fiscal Year 1993). Extensive
research and development are carried out as part of the organization’s activities; current
topics of interest are described below, and include digital libraries and high-performance
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communication networks for scientific research. Education and training (e.g., on network
operation, database construction, and cataloging) are also provided.

RESEARCH AND DEVELOPMENT ACTIVITIES
Dr. Hisao Yamada’s interests focus on cognitive science aspects of specialized task
performance. He has long been concerned by Japan’s low office productivity due to
problems associated with text processing. Typically, the user must type in katakana
(phonetic) symbols; software then generates the appropriate kanji. But office workers must
read kanji as they type katakana, and often they don’t know how to properly pronounce the
former because they have not learned to read or write well! Furthermore, there are often
multiple words that sound the same, so the software will have difficulty finding the correct
kanji for the given katakana.
Dr. Yamada’s approach to remedying these problems is based on the observation that
vertebrate brains have been processing patterns for about a thousand times as long as they
have been processing language. Converting information consciously from pattern to
language can be difficult. Why not skip that step by viewing the typing activity as
transferring patterns to paper (or whatever medium)? He devised a “two-stroke code” to
teach typing without involving any mnemonic/language associations, which in tests
achieved good results among young female subjects, but which required about 200 hours of
training and so is not widely used, despite unpublished work by Ricoh that establishes the
method’s superiority over the standard multishift system.
With regard to the great deal of work currently being done throughout Japan on voice
input, in the hope of circumventing the problems associated with keyboards, Dr. Yamada
noted that the problems that make it hard for software to automatically translate from
katakana to kanji also make voice input a much more challenging task than some
researchers would like to admit. Yet another problem here is that the human voice changes
during extended work sessions, as the speaker becomes tired or bored.
Dr. Yamada gave the JTEC team a brochure that provides a more global overview of the
research sponsored by NACSIS and enumerates specific recent projects with PI names but
without other details such as funding level or abstracts of publications. The research seems
to fall into four broad categories: information science research (including standardization
of bibliographic data and cataloging, automation of library housekeeping functions,
automatic keyword extraction from texts, concurrent support for multiple East Asian
character sets, multimedia databases, etc.); systems research (including hardware and
software for large-scale databases, authority control, integrated management of primary and
secondary information, electronic mail, fax transmission, CD-ROM publishing, usable
human interface development, architectures and mechanisms for optimal acquisition of
foreign scholarly information and for distribution of domestic scholarly accomplishments
overseas, etc.); research trends; and project-type research activities. Examples of the latter

Appendix C. Site Reports

127

are research on a digital archive for music, study of science information flow through
networks, and development of a high-performance communication network for scientific
research.

SUMMARY
During the discussion, Dr. Yamada also addressed issues related to research in general in
Japan, which he feels is harder to carry out, especially in universities, compared to the
United States. He sees use in Japan of the Internet growing in the future, but lagging
behind that of the United States for some time, largely due to the “lousy” writing system
that leads to keyboard avoidance. Transfer of old materials to the new media will be
difficult or even impossible, because many government documents are discarded after
several years. Indeed, government officials are, on average, rotated out every 3 years as
well, so there is a lack of expertise for decisions to make long-term changes (although the
writing system has been simplified, or reformed, several times during the recent past).
Companies adopt a slightly longer view, because people stay with the same organization
for life, but even here research managers’ positions last only 5 years or less and then rotate,
so there is little planning beyond that range.

REFERENCES
NACSIS. 1995. National Center for Science Information Systems 1994/95. Brochure.
Okadome, T., and H. Yamada. 1990. A comparative study of input methods for Japanese text
typing. Computer Processing of Chinese and Oriental Languages 4(4)(March):275-294.
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Site:

NEC
Central Research Laboratories
1-1 Miyazaki 4-chome, Miyamae-Ku
Kawasaki, Kanagawa 216, Japan

Date Visited:

May 24, 1995

Report Author:

E. Glinert

ATTENDEES
JTEC:
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Skelly
Hosts:
Dr. Masahiro Yamamoto
Osamu Iseki
Ken’ichi Kamijo

Dr. Shin’ichi Fukuzumi

Dr. Masayoshi Suzuki

Kazutoshi Maeno
Hiroshi Kitamura

General Manager, C&C Research Laboratories
Research Manager, Kansai C&C Research Labs
Assistant Manager, Applied Information Technology
Research Laboratory
Information Technology Research Labs
Assistant Manager Applied Information Technology
Research Laboratory
Information Technology Research Labs
Principal Researcher, Display Device Research
Laboratory,
Functional Devices Research Labs
Research Specialist, Terminal System Research
Laboratory, C&C Research Laboratories
Network Research Laboratory, C&C Research Labs

BACKGROUND
NEC was founded in 1899 to import and manufacture communications equipment. At the
time of the JTEC visit, it was ranked fortieth among Fortune 500 industrial companies,
with over 140,000 employees worldwide, 15,000 products, and annual sales well in excess
of ¥3 trillion (~$30 billion). Since 1977, the corporate focus has been on the integration of
computers and communications, which is referred to as “C&C.” NEC’s research
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laboratories were established in 1939. The Kawasaki facility in the Kanto (eastern) district
of Japan was inaugurated in 1975. The C&C Information Technology Research
Laboratories at Kawasaki were formed in 1986. The Kansai (western) C&C Research
Laboratories were set up in 1990, followed by the Princeton facility in 1991 and the Bonn
facility in 1994. These installations comprise the core of the company’s Research and
Development Group.
About 10% of annual sales revenue is reinvested in the research conducted throughout the
company, which is not narrowly focused but rather spans the gamut of computer science.
Each operating group has its own research labs and development division, which pursue
near-term goals. The Research and Development Group undertakes longer-term projects.
Its budget is about 10% of the total allocated company-wide to R&D (that is, about 1% of
annual sales revenue). Group employees number about 1,600 in total, 900 of whom are at
the Kawasaki facility; about 1,300 of these people are classified as researchers. The four
major areas of investigation are new materials, new devices, C&C systems, and software,
with about 60% of resources going to materials and devices. Most HCI-related research is
conducted at the smaller Kansai labs.

RESEARCH AND DEVELOPMENT ACTIVITIES
After introductions and greetings, Dr. Yamamoto noted that this was the fourth JTEC
mission to visit his laboratories! He then presented an overview of the labs’ research
activities related to multimedia human interfaces and systems, after which Osamu Iseki
described some of the research being carried out at Kansai, with particular emphasis on
work related to barrier-free interfaces for the elderly and for people with disabilities. Iseki
stressed the great importance his group places on usability testing as an integral part of
their research, so much so that the laboratory had developed computerized tools for
recording and analyzing data about the user-machine dialog for both textual and graphical
interfaces. Both presentations were conducted from a computer via a large-screen
projector, which was noteworthy because it was the first time the author had seen such
technology in use at any host site during the JTEC study mission. There followed a tour in
which the team was given demos of and brief explanations about 7 products and
prototypes.
Multimedia Internet Navigation System
The Multimedia Internet Navigation System (MINS) is a prototype multimedia on demand
system using a 2.4 gigabit ATM LAN of NEC’s own manufacture with throughput of
154 Mbits/sec. For the demo, three nodes — a Sun, an NEC, and an NEC/PC — were
interconnected. Separate image and CD-quality audio streams are maintained with the help
of proprietary compression and synchronization algorithms. Features such as fast forward,
pause/still, and reverse are supported.
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Multimedia Environment for Remote Multiple-Attendee Interactive Decision-Making
The Multimedia Environment for Remote Multiple-Attendee Interactive Decision-Making,
or Office Mermaid, is a multimedia groupware platform that supports full media (text,
graphics, images, handwritten notes, voice, and video) for real-time interactive multiparty
conferencing, information sharing, and joint processing. Multiple workstations and PCs of
different manufacture can all be interconnected. A variety of configurations and input
devices are available, including a large pressure sensitive flat panel color plasma display
with 60 in. diagonal measure, and a display in which the image is projected onto a screen
that is actually a one-way mirror behind which a camera is mounted to provide eye contact
among participants. Although only several hundred systems have been sold to date, the
company reports that demand for the product is growing.
PC-VAN
PC-VAN, an on-line information system, currently has about a million subscribers, half of
them in the home. Freeware comes preinstalled on NEC/PCs sold in Japan; the user pays a
monthly fee plus communication time charges. The system provides e-mail service for
subscribers, and access to information (e.g., multimedia fish library - see Fig. NEC.1), but
does not at this time interface to the World Wide Web.
Brain Wave Analysis
The goal of brain wave analysis is to eventually be able to use these signals, measured via
EEG or SQUID, to directly control machines. Work is very preliminary at present, with
dipole localization being attempted with the help of a hybrid estimation algorithm that
combines techniques from neural networks (for computational speed) and numerical
optimization theory (for accuracy).
VR-SKI
A virtual skiing system, VR-SKI is intended for training and entertainment, including
competition via a network. The user stands not on skis, but rather on a platform equipped
with load and angle sensors, which can swing right and left while the user holds onto a
handrail. Information on weight distribution is used to dynamically adjust system
responses. The system employs a large screen projector with audio to support the illusion
of movement with the help of an original virtual reality (VR) software architecture that
relies on distributed processing on low-cost PCs. The general appearance is that of a large
exercise machine mounted facing a large projection television. The developers intend to
adapt the system to other sports training and VR applications in the future.
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Fig. NEC.1. Multimedia fish library.

High-Contrast, Wide-Viewing-Angle LCD
The high-contrast, wide-viewing-angle LCD uses dual-domain pixels and complementary
twisted nematic (TN) and electrically controlled birefringence (ECB) polarization
technology to provide a contrast range of 100:1 and viewing angle of up to 60 degrees, as
opposed to the conventional 40 degrees. The improved performance, which became
dramatically apparent with increased distance, has been achieved by dividing each pixel
into two equal domain areas, with a black stripe overlaid on top of the dividing line to hide
it. The 13 in. prototype was said to currently be too expensive to justify its inclusion in
products.
Auditory Touchscreen Display for Blind Users
The Auditory Touchscreen Display is a prototype system that can provide auditory
feedback as the cursor is moved across screen entities such as icons, windows, and borders
(see Fig. 5.7, p. 62). At present voice/text output only is generated according to touch or
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action, but both Braille and image pin enhancements are planned for the future. In initial
tests blind subjects said they did not think that the current version would be a good I/O
device for daily use, because it is difficult for them to search on a surface without system
guidance.
This work is part of a recently-begun joint effort by NEC, IBM/Japan, and Hitachi to
develop an adaptive multimedia barrier-free interface for the elderly and for
differently-abled users (NEC terminology). The five-year effort will run through 1998, and
is being funded by MITI through NEDO (the New Energy and Industrial Technology
Development Organization) at a level of ¥500 million (~$5 million) in total. NEC, the
managing company for the consortium, is responsible for providing nonvisual access to the
GUI, while IBM/Japan is developing a graphics reader and Hitachi is working on spatial
sound displays.

SUMMARY
Several interesting points were raised during the concluding discussions. Dr. Yamamoto
pointed out that Japan lacks big university laboratories like those in the United States, and
that few faculty are involved in research. He also noted that cable television in Japan has
achieved penetration of just 10% of households to date, so further advances like fiber-optic
systems, which were supposed to be in place by 1998, will in fact take longer than
originally planned to come on-line. Osamu Iseki noted that usability engineering does not
yet play the role it should in Japanese industry, the efforts of his own company in this
regard notwithstanding. Psychologists, cognitive scientists, and other design experts are
rarely involved to any significant extent in new product development, nor is HCI taught in
the universities.

REFERENCES
Iseki, O. N.d. Barrier-free interface research at KCRL. Overhead notes.
NEC. N.d. NEC: A World Vision. Brochure
____. NEC Research and Development. Brochure.
____. NEC Office Mermaid EWS4800 Series. Brochure.
____. NEC multimedia human interface and system. Overhead notes.
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Site:

NTT
Advanced Technology Corporation
Human Interface Testing Center
Higashitosuka-West Building
90-6 Kawakami-cho
Totsuka-ku, Yokohama-shi
Kanagawa 244, Japan

Date Visited:

May 26, 1995

Report Authors:

J. Hollan and R. E. Kraut
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ATTENDEES
JTEC:
J. Hollan
R. E. Kraut
Hosts:
Takaya Endo

Masako Itoh
Shuichi Kato
Saiko Goto

Director, Human Interface Testing Center, and
Director, Information Technology Department
E-mail: endo@totsuka.natc.co.jp
Tel.: 81 45 826-6032
Fax: 81 45 826-6035
Cognitive Engineering Specialist
E-mail: masako@totsuka.natc.co.jp
Human Interface Specialist
E-mail: kato@totsuka.natc.co.jp
E-mail: goto@totsuka.natc.co.jp

RESEARCH AND DEVELOPMENT ACTIVITIES
NTT’s Human Interface Testing Center (HIT is also an acronym for Human Information
Technology) is chartered to bring human interface development techniques to bear in the
implementation of NTT’s products and operations systems. At the most abstract level, its
goal is to ensure “a harmony of people, information and technology” in NTT’s products
and operations systems. The Human Interface Testing Center provides a full range of HCI
consulting services for NTT, ranging from the design and evaluation of multimedia
communication services to the redesign of NTT work processes and the software systems
to support them to consulting on collaborative software design and development. The HIT
Center also provides usability testing and interface design services.
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Takaya Endo, Director of the HIT Center, previously was in charge of the NTT Human
Interface Labs and served as the first director of those labs. NTT views its R&D activities
as evolving through a series of ages: Age of Reconstruction (1945-1965), focusing on
domestic production of communication technology; Age of Growth (1966-1980), featuring
the introduction of new communication services; Age of Competition (1981-1990),
providing world-class R&D; and Age of Cooperation (1991-present), providing R&D that
leads the world.
In contrast to other HCI labs the JTEC team visited, the HIT Center has a broad view of
human-computer interaction. It encompasses both organizational and social issues in the
use of computing and individual usability. This idea is captured in the center’s goal of
constructing macro and micro interface structures. The goal is to aid in the design of both
work processes and information systems that are consistent with the work process. For
operations systems, the center subscribes to a process of participatory design, in which
users of the systems are coparticipants in the design processes. Through interviews,
questionnaires, and observation, designers develop an understanding of what their clients’
main tasks are, which ones are problematic tasks and their priority, and what are the
political and social constraints on the potential solutions. Rapid prototyping (often using a
prototyping tool such as Macromind Director) provides a concrete image for discussion
between clients and system designers, and serves as a basis for negotiation and iteration.
The HIT Center has, for example, applied this participatory design and iteration technique
to the development of the design guidelines for a large (approximately 3,000 pages) on-line
documentation and operations system for NTT customer service representatives. The
center delivered design guidelines and a requirements document to the system developers
in the form of an active macromind director document. The document embodied two
overarching design principles — “I know what I’m doing” and “correct reasoning and fast
decisions.” In performing a task, such as helping a customer to order a new ISDN line, the
interface was configured to always show users where they were in the ordering process and
to allow them to quickly, from a single screen, perform the various tests and ordering
functions that are part of this routine.
The major focus for past projects has been on designing/testing interfaces and consulting
about work practice and education. In addition to the customer service project mentioned
above, other interface projects include testing and design of a telephone manual,
development of guidelines for human interface testing, testing and designing a range of
graphical user interfaces, experiments for use for supporting map operation on a display
screen, behavioral analyses of virtual reality environments, and testing and designing
multimedia network services.
The staff members of the HIT Center have close ties to universities and to professional
organizations. There was discussion of this dual life of the key members of the HIT Center.
While it creates a complex schedule, they view it as being necessary to their efforts, to
future hiring, and to supporting the development of HCI within Japan. Takaya Endo,
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Director of the HIT Center, is a lecturer at Waseda University. He is chair of the Human
Communication Engineering Group of the Institute of Electronics, Information, and
Communication Engineers, and chair of the Representation and Interface Group of the
Japan Cognitive Science Society. He also serves on a variety of committees: Informational
Ethics Research Group of EIC, Ecological Research Group of the Information Society, and
the Science and Technology Forum of the Science and Technology Agency. Shuichi Kato,
who led the effort to develop human interface guidelines for NTT, serves on the Visual
Interface Committee of the Institute of Japanese Standards and is a member of key
interface design professional organizations. Masako Itoh is a lecturer at Keio University,
serves as an editor for the Japanese Cognitive Science Society, and has membership in a
variety of HCI-related organizations. Takashi Sunaga is a lecturer at the University of
Tokyo and an associate professor at the Tama Art University. He leads the industrial
design work of the HIT Center.

SUMMARY
Members of the HIT Center have a very sophisticated view of the interface design process.
They see three main stages in the development of a project: clarification and development
of shared understanding of problems, making plans for solving the problems, and execution
of the project. It is important to note that they look for technology transfer and educational
opportunities in each stage. Their work appears to integrate the best work of the more
cognitive approaches to interface design with participatory design methodologies to focus
on supporting collaboration. Their objective is to support both micro and macro interface
structure. They see the interface as embedded in a larger context of work practices and
organizational structure.
Members of the HIT Center saw a need for more collaboration between the various
disciplines involved in human interface design. They see four kinds of groups involved:
computer scientists, human computer interface specialists, human factors specialists, and
cognitive scientists. They expressed concern about how difficult it was for these groups to
collaborate. Of the places the JTEC panel visited, it seems clear that the HIT Center
evidences the most appreciation for the importance of such collaboration and a
commitment to bringing it about within their own group.
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Site:

NTT
Human Interface Laboratories
1-2356 Take Yokosuka-Shi
Kanagawa 238-03, Japan

Date Visited:

May 25, 1995

Report Author :

R. E. Kraut

ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. E. Kraut
T. Sheridan
T. Skelly
Hosts:
Rikuo Takano, PhD
Hiroshi Ishii, PhD

Akihito Akutsu
Gen Suzuki

Vice President and Executive Manager
NTT Human Interface Laboratories
Senior Research Engineer and Supervisor
Advanced Video Processing Laboratory
NTT Human Interface Laboratories
Research Engineer, Advanced Video Processing
Laboratory, NTT Human Interface Laboratories
Leader, Visual Communication Environment Group
NTT Human Interface Laboratories

BACKGROUND
NTT, one of the largest telecommunications companies in the world, has research depth in
virtually all areas of telecommunications, including human-computer (and communication)
interface research and development. Overall, NTT employs about 3,000 research engineers
in 13 laboratories. The total research and development budget was approximately
$2.4 billion in 1994. NTT attempts to advance science and engineering generally, and
encourages its researchers to publish in both Japanese and international conferences and
journals.
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The JTEC team visited the Human Interface Laboratories in Kanagawa, home to
approximately 400 researchers. The Human Interface Laboratories are oriented towards
developing telecommunications services and systems that customers want, are natural, and
are easy to use, as are some of the underlying human interface technologies for realizing
these services. The goal is not to improve people’s ability to control computers per se but
rather to facilitate the transfer of information or communication with other people through
computing and telecommunications.
The Human Interface Laboratories comprise six laboratories: the Visual Communications
Laboratory (teleconferencing, computer supported cooperative work, picture coding, virtual
reality, and interactive digital video); the Speech and Acoustics Laboratory (speech coding,
speech recognition, speech synthesis, acoustic processing, techniques for the evaluation of
human hearing, speech communication); the Multimedia Systems Laboratory (video on
demand, multimedia communication, document image processing, and advanced facsimile
systems); the Advanced Video Processing Laboratory (architectures for the combination of
broadcast and telecommunication services, video compression coding, techniques for
retrieving and handling video, neural networks); the Autonomous Robot Systems
Laboratory (robot systems, robot mechanisms, robot vision, and robot action planning), and
the Furui Laboratory (speech recognition, speaker identification).

RESEARCH AND DEVELOPMENT ACTIVITIES
Much of the work in these laboratories is on projects that are close to service deployment
or product development (1-3 years), and researchers often work closely with developers in
the implementation process. Few of the projects in these laboratories are basic research.
Many of the service-oriented projects show substantial imagination, and have the potential
to add generally useful techniques to people’s ability to handle information or to
communicate with other people enabled by telecommunications networks. The JTEC team
saw several projects that were especially attractive or interesting:
Video Handling
While video provides the ability to record massive amounts of information in detail, it is
difficult to skim or handle the video after it has been recorded. Akihito Akutsu has
developed two techniques for creating still (or paper) representation of video for indexing
and skimming. The PaperVideo Project uses image processing on the abrupt changes in
color and patterns at scene cuts in movies to automatically detect the beginnings of scenes.
Frames at the beginning of the scenes can be printed out to provide a storyboard for the
movie or can be used in a hypertext-like system to index and jump to excerpts of the
movie. The Video Tomography Project (Akutsu and Tonamura 1994) uses motion
detection and tomographic methods to follow a moving image against a fixed background
in the face of camera pans, zooms, and tilts. Through these techniques, one can construct a
spatiotemporal index to a sequence of video, for example, allowing a strobe-like sequence
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of images of a central figure within a constant background to serve as the user interface to a
video playback system.
Interspace
MUDs or multi-user dungeons are real-time computer-based communication systems, often
set within an imagined setting and configured as a set of rooms. In a typical MUD, people
log in, assume identities, and navigate through the setting by commands like “go north”
and “go through the door”; manipulate computational objects by executing commands like
“look,” “take,” and “read”; and communicate with other individuals or groups by executing
commands like “whisper to” (to communicate with a single, named person) or “talk” (to
communicate with everyone present in a single room). Communication is done by typing.
NTT has implemented a prototype, multimedia MUD-like service called Interspace, that
allows people to navigate through a graphically rendered space and communicate with
other people by text, telephone or video. The system is designed to enable distance
education, as participants “attend” lectures and discussions, or catalog shopping, as
participants wander through a virtual shop and talk to sales people. The system is
implemented as a client running on a PC that downloads scene renderings from a central
server over an ISDN link. Narrow bank ISDN is also used to support voice and visual
communication among people visiting the same room. In its current implementation, up to
20 people can simultaneously visit the same room, and see small (approximately 1 in. x 1 in.)
live video images of each other while talking to each other over a telephone handset.
Because participants can communicate by voice, the system controls the potential
cacophony in crowded rooms, by weighting the sound volume between people as a
function of their closeness in the simulated space. NTT is prototyping a network service in
collaboration with several Japanese universities and with retailers.
Videoconferencing
Hiroshi Ishii and his colleagues have implemented a series of collaboration systems (Ishii,
Kobayashi, and Arita 1994), including TeamWorkStation and ClearBoard, in order to
integrate videoconferencing with shared workspace. ClearBoard-2, the latest system,
integrates interpersonal space and shared workspace by overlaying the live video images of
remote participants with the bitmaps of electronic shared workspaces. The effect is of two
people conversing through a window, or more accurately, through the glass on the
computer monitor; they can see and talk through the window, but also draw or type over
each others’ images (and each see all images and text in the appropriate spatial orientation).
Studies suggest that people use the system with more whimsy than they do many other
computer-supported work applications, for example by drawing mustaches and beards over
the faces of their partners. People use the eye contact features of the system to remain
aware of what their partner is attending to. This gaze awareness is useful for managing
turn taking and references to topics of conversation. The various iterations of this
prototype from 1988 to 1994 demonstrated gaze awareness, shared drawing, and improved
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naturalness.
At least one product has come from this stream of research:
TeamWorkStation has become a product available for use over ISDN and LAN
connections.
Systems For The Hearing Impaired
The Human Interface Laboratories have built systems to test and evaluate human hearing,
with applications for diagnosis and the evaluation of hearing aids. They are also working
on hearing aids with signal processing that can boost the intensity of speech signals without
simultaneously amplifying noise and other nonspeech sounds.

SUMMARY
The Human Interface Laboratory is conducting a wide range of imaginative services
research on human-to-human telecommunication. In terms of quantity and quality, the
work is the equal of that done at AT&T Bell Labs and Bellcore in the United States.
Compared to its U.S. counterparts, however, the research is less influenced by
psychological and social theories and studies of human behavior, and is less likely to use
behaviorally-oriented, empirical techniques. The focus is on relatively short-term service
development. Again, compared to the United States, the commercialization of services
derived from the research seems to happen more rapidly.

REFERENCES
Akutsu, A., and Y. Tonomura. 1994. Video tomography: An efficient method for camerawork
extraction and motion analysis. Proceedings, ACM Multimedia 94 Oct 15-20:349-356.
Ishii, H., M. Kobayashi, and K. Arita. 1994. Iterative design of seamless collaboration media.
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Site:

Omron Corporation
Kyoto R&D Laboratory
Shimokaiinji, Nagaokakyo-City
Kyoto, Japan

Date Visited:

May 23, 1995

Report Author:

J. Hollan

ATTENDEES:
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Sheridan
T. Skelly
Hosts:
Masoat Kawade

Taiji Sogo

Tel.: 81-75-953-3880
Fax: 81-75-952-0411
E-mail: kwade@zoo.ncl.omron.co.jp
Tel.: 81-75-953-3880
Fax: 81-75-952-0411
E-mail: sgh@zoo.ncl.omron.co.jp

BACKGROUND
Omron was established in 1933. At the time of the JTEC visit, the Omron Group
employed 22,190 people and had net sales approach ¥400 billion (~$4 billion). The
corporate philosophy is: “To the machine the work of the machine; to man, the thrill of
further creation.” The company focuses on computers, communications, and control.
Control components and systems account for about 60% of net sales.
The computer program started in 1981. In addition to large numbers of communications
and control products (for example, more than 100,000 factory automation components),
Omron also produces a 32-bit 100 mip Unix-based workstation (jointly with Data General)
and a digital fuzzy processor (FP300; it operates at 10 million fuzzy logic processes per
second).
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RESEARCH AND DEVELOPMENT ACTIVITIES
Research and development activities are focused in four areas: microcomponents,
computers-communications-control, life sciences, and fuzzy logic. About 8% of revenue is
spent on R&D. Research in fuzzy logic technologies has been ongoing since 1983; about
25% of products incorporate these technologies. Fuzzy-related products produced
¥55 billion (~$550 million) in 1994 revenue, and sales are expected to reach ¥100 billion
(~$1 billion) in 1995. The demonstrations that the JTEC team saw all involved applications
of fuzzy logic. The Omron researchers contrast fuzzy logic methods using membership
functions with what they term crisp logic and linear-methods. There are approximately 100
researchers in the company’s central lab working on fuzzy logic and applications. Omron
has about 1,000 patents in the area of fuzzy logic. Company researchers are working in
five main areas: knowledge base control (e.g., temperature controller); sensing with
recognition (e.g., vibration security sensor); image recognition (e.g., white blood cell
recognition); knowledge information processing (e.g., fuzzy database); and automobile
applications.
The first demonstration was of an image understanding system. It was running on a Sun
with a frame-grabber and Verbex Speech Commander speech recognition system. The
system identifies objects in a typical office setting and answers by voice. The system uses
fuzzy logic and Dempster-Shafer in the image identification system. It responds to spoken
questions. For example, when the operator says “Where is the telephone?” the system
responds with “Something like a telephone is around left on the desk.” They see potential
applications in the areas of security systems, remote operation of industrial robots, disaster
prevention systems, and navigational support for the blind. The image recognition system
makes inferences based on fuzzy representations of color, size, aspect ratio, and location.
The second demonstration was of an application of fuzzy logic in database applications.
Omron has developed a Fuzzy extension of the SQL data base query language. Users can
give a query like “young and tall person with annual income more than about $50,000.”
Fuzzy-SQL operates on top of a traditional database. Direct Mail is one potential
application that company representatives mentioned.

SUMMARY
Work at Omron is focused on applications in their main product area: control components
and systems. Omron was the first to introduce ATM machines in Japan, and is involved in
many other areas, such as traffic control systems, point of sale terminals, automated ticket
vending machines, factory and manufacturing automation, communication components,
and health care systems. A large number of components involve application of fuzzy logic.
The company also produces a high-speed fuzzy logic controller, a compact fuzzy logic
controller, a fuzzy logic module for PCs, and a general purpose fuzzy-logic-based
workstation.
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Site:

Safety Research Laboratory
East Japan Railway Co.
2-2-6 Yoyogi, Shibuya-ku
Tokyo 151, Japan
Tel.: 03-3372-1364
Fax: 03-3370-7912

Date Visited:

May 24, 1995

Report Author:

T. Sheridan

ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
R. Kraut
T. Sheridan
T. Skelly
Hosts:
Toshihisa Ikeda
Shigenori Kitami
Toshikazu Oishi
Masahiko Horiuchi
Mitsuaki Ebara
Takeshi Oshita
Masaru Ota
Kiyoshi Sasamoto
Chikako Shimada
Shintaro Tsuchiya
Akikazu Nagai
Akira Hirano
Tadao Maeda

Senior Chief Researcher
Senior Chief Researcher
Senior Chief Researcher
Chief Researcher
Researcher
Researcher
Researcher
Researcher
Researcher
Researcher
Researcher
Researcher
Researcher

BACKGROUND
The Japanese National Railway prior to several years ago was an immense (and probably
the largest) industrial entity in Japan. It was a nationalized company, but has now been
privatized and broken into seven private railways and some additional related private
companies. East Japan Railway Co. (EJR) is responsible for all passenger rail in the

Appendix C. Site Reports

143

broader Tokyo area and north and east on Honshu Island (excluding the Tokyo subway).
Because EJR is so capitalized in land and equipment it does not engage in high-technology
developments or spend nearly the same fraction of its sales on R&D as some other major
Japanese corporations. However, it is profitable, allegedly doing better and operating more
efficiently than when it was nationalized.
In the Japanese railway industry, especially in operational fields, human factors has been
studied for a relatively long time — starting with the establishment of the Railway Labor
Science Research Institute (RLSRI) in 1963. Unfortunately (at least from EJR’s point of
view), the work at RLSRI was taken over the Railway Technical Research Institute, not by
EJR, when the National Railway was privatized. Therefore EJR’s current human factors
work is a new activity, presumably started from scratch after privatization.
The Safety Research Lab is just that. It was established in 1989 and consists of 59
researchers. They are concerned with all aspects of safety for both passengers and
employees. Human factors as a discipline emerging in the United States is somewhat new
to them, though they have been dealing with many of the same problems all along.
M. Horiuchi explained EJR’s innovation of transport, maintenance, transport services, and
serious interest in environment friendly technology as well as safety. The researchers are
exploring general safety, safety assessment, level crossings, natural hazards, and human
factors.
RESEARCH AND DEVELOPMENT ACTIVITIES
T. Oishi introduced the activities of the Human Factors Group. Ongoing projects include
ergonomics for the new shinkansen, platform safety improvements (injuries and fatalities
occur because passengers fall off platforms) signing, handicapped access, automatic train
control (to prevent trains from colliding with other trains), error prediction in rail car
maintenance, computer-aided instructional (CAI) training of drivers, and evacuation
instruction. S. Tsuchiya discussed in detail the control and signaling aspects of upgrading
the automatic train control (ATC) system to effect smoother braking profiles and better
anticipation of upcoming signals for drivers (stopping distances on high-speed trains are
two or more kilometers). This simulator is being used for studies on in-cab signaling and ATC.
EJR researchers then demonstrated their human-in-the-loop electric car cab simulator. This
makes use of scenes of a track scene ahead originally recorded on video and played back on
video disk at a rate proportional to simulated train speed. They also demonstrated a CAI
system for (operational) drivers.
Company representatives commented that although EJR may not engage in hightechnology developments or spend nearly the same fraction of its sales on R&D as some
Japanese organizations, this is because EJR is a very young organization, and its R&D
activities are still developing. R&D plays a key role in EJR’s management strategy for the
21st century, as a key for the development of railway systems of the future.

144

Appendix C. Site Reports

Site:

Sony Computer Science Laboratory, Inc.
Takanawa Muse Bldg.
3-14-13, Higashigotanda Shinagawa-ku
Tokyo 141, Japan

Date Visited:

May 25, 1995

Report Author:

T. Skelly

ATTENDEES
JTEC:
J. Foley
R. Kraut
J. Hollan
T. Skelly
Hosts:
Toshiyuki Yamada

Kunio Hane, PhD

Akikazu Takeuchi, PhD

Junichi Rekimoto

Member of the Board of Directors, and
Director, Research Center
Tel.: 81-45-353-6801
Fax: 81-45-353-6901
Senior General Manager, and
Chief Research Scientist, Research Center
Tel.: 03-5448-5556
Fax: 03-5448-7827
E-mail: khane@src.sony.co.jp
Senior Researcher
Tel.: 81-3-5448-4380
Fax: 81-3-5448-4273
E-mail: takeuchi@csl.sony.co.jp
Associate Researcher
Tel.: 81-3-5448-4380
Fax: 81-3-5448-4273
E-mail: rekimoto@csl.sony.co.jp

Ken Miyashita
BACKGROUND
The Sony Computer Science Laboratory (SCLC) was founded in February 1988 for the
sole purpose of conducting research relating to computer science. The laboratory’s
objective is “to contribute extensively to social and industrial development through original
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research that looks ahead to the 21st century and has the potential for achieving
breakthroughs in computer development.”
While occupying a single floor and with a staff of only 16, SCSL achieves enthusiasm and
productivity in what appears to be a relaxed atmosphere. Perhaps it is because results
achieved by each member of the SCSL are evaluated based on technical papers, research
software products, domestic and international conferences and professional associations,
and other achievements. Compensation is based on achievement rather than on seniority.
This has allowed SCSL to attract many young and highly talented researchers.

RESEARCH AND DEVELOPMENT ACTIVITIES
Each member of the SCSL team sets his or her own research goals within basic research
themes. Mario Tokoro, director of the laboratory, has said, “Our work is unrestrained by
commercial needs. With the policy of bringing out the best in individuals, we respect and
foster each member’s initiative and creative ability.”
Research currently underway at the SCSL is focused on distributed operating systems,
computer networks, programming languages, human-computer interaction, artificial
intelligence, complex systems, and other fundamental aspects of next-generation
computers.
The SCSL’s research goal is “the development of technology enabling the creation of a
safe, evolutionary, stable, cohabiting information society.” Results achieved thus far
include an object-oriented operating system for distributed processing, a mobile host
protocol, a computational field model, and agent-based human-computer interaction.
The first presentation that the JTEC team saw was by Ken Miyashita on “Interactive
Generation of Graphical User Interfaces by Multiple Visual Examples.” This work
attempts to reduce the amount of coding necessary for graphical layout of relationships by
allowing the system to interpret and recode itself, based on direct modifications to the
system-generated visualization
The second presentation was by Dr. Akikazu Takeuchi, who is doing research focused on
facial expressions, voice tones, and gestures and how they express emotions and feelings.
The SCSL staff believe that this research will help to introduce emotional factors into
human-computer interactions. “In the future, a virtual human, which can interact
emotionally with a real human through a display and a video camera, may be a reality.”
Dr. Takeuchi showed videotapes of two examples of his system in trials. The first
presented the face of his son (mapped onto a 3-D model) answering questions about new
Sony products (see Fig. 4.5, p. 47). This version of the system uses speech recognition and
synthesis, syntactic and semantic analysis, plan recognition, response generation, and most
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interestingly, correspondence between conversational situations and facial displays. In
short, the user asks questions of the boy’s image on the computer screen. The system then
interprets the question, plans an appropriate response, and animates the boy’s image with
both lip movement and emotional facial responses.
Dr. Takeuchi’s second system involved two users playing a card game. The cards were
displayed upon the screen, along with a woman’s face. Through various facial gestures,
the computer attempted to give hints and encouragement to one of the players. A video
camera was used as input to detect the position of the players.
Xerox PARC and the TRON project propose that computers should be embedded in nearly
every object in our environment, perhaps even ourselves. A much less intrusive and
practical approach to embedding knowledge in the real world was presented by Junichi
Rekimoto. This researcher coupled a lightweight video display and camera to create a sort
of looking glass, through which the user could view an environment with additional
information overlaying the image when desired. By using simple image recognition
technology, he was able to label real-world objects by means of hand-made bar-codes.
While still very much a prototype, the clear concept was that for a computer to interact
with the world, the world needs only supply an identification code, easily read by a handheld reader. Privacy is maintained, as neither the world nor the user needs to broadcast any
information other than a unique, machine readable symbol. It is entirely up to the software
possessed by the user to gain any additional information, such as history, contents, or
further instructions. The same label could trigger different information to different users,
depending on their access to the proper identifying link between label and information.
This clever idea, besides being inexpensive and multi-functional, also reduces the problem
of system compatibility to that of creating standardized identifying labels and readers.

SUMMARY
Sony’s Computer Science Laboratory is a brave, albeit small, experiment. In recognizing
the future role of computing in consumer products, Sony is risking going beyond Japanese
corporate tradition in order to obtain what may possibly be exciting, breakthrough results.
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Site:

Tokyo Institute of Technology
Department of Systems Science
Nagatsuda Campus
4259 Nagatsuda, Midori-ku
Yokohama 226, Japan

Date Visited:

May 25, 1995

Report Author:

J. Foley
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ATTENDEES
JTEC:
J. Foley
Hosts:
Professor Michio Sugeno
Professor Kaoru Hirota
Dr. Anca Ralescu

BACKGROUND
Professor Michio Sugeno’s lab at the Tokyo Institute of Technology has been conducting
research in fuzzy logic for many years. In addition, he was instrumental in forming LIFE
(Laboratory for International Fuzzy Engineering Research), a MITI-sponsored and funded
fuzzy logic research collaboration that involved roughly 50 companies. The LIFE project
recently ended, as planned, after existing for six years. Dr. Anca Ralescu was associate
director of LIFE and is spending several months with Dr. Sugeno before returning to her
home institution, the University of Cincinnati.
Fuzzy logic is of relevance to human-computer interaction because it represents a means to
interface between the terminology of everyday discourse (a little warmer, a lot colder, a bit
more to the left) and the preciseness of computers (temperature = 1.01 * temperature;
heading = heading - 5). The author’s hosts knew of no commercial user-computer
interfaces in which fuzzy logic is used. A number of prototype interfaces were developed
as part of the LIFE project, and OMRON has a prototype fuzzy extension to SQL for
database queries (see OMRON site visit report for more details).
While fuzzy logic was initially developed in the United States by L. Zadeh of the
University of California at Berkeley, it has been further developed and used much more
extensively in Japan. When asked why fuzzy logic has been more popular in Japan than in
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the United States, Professor Sugeno suggested that Asian cultures are more comfortable
with uncertainty and ambiguity than are Western cultures.
Fuzzy logic is taught in about ten undergraduate programs and in many more graduate
programs at universities in Japan, mostly in mechanical engineering and electrical
engineering departments.

RESEARCH AND DEVELOPMENT ACTIVITIES
Professor Sugeno described the following applications of fuzzy logic:
Stock Analysis System for Yamaichi Securities
Professor Sugeno assisted Yamaichi Securities, the fourth largest brokerage firm in Japan,
in building an 800-rule fuzzy logic expert system for stock analysis. One part of the system
is used to derive a set of fuzzy logic rules that will predict the future behavior of an
individual stock. Input is the stock’s performance over a several-year period: output is a
minimal set of fuzzy logic rules that explain the stock’s behavior over that time period.
Given that the stock’s fundamentals do not change, the rules also predict future price
moves.
The set of rules is minimal in that it is the smallest set of rules that explain the stock price
moves to within a definable error bound. The system is in use: Professor Sugeno reported
that it has performed reasonably well, but did not predict a recent drop in stock prices, as
that was caused by a change in fundamentals that were not accounted for in the fuzzy rules.
Automatic Transmission Control
The Mitsubishi Gallant has an automatic transmission with one position for forward, in
contrast to the normal two or three. The fuzzy logic controller downshifts automatically
for braking, including on steep hills. The Gallant uses neural net technology to compute
the membership functions for the variables used in the fuzzy rules, thereby adapting to the
driver’s behavior.
The Honda Accord also uses a fuzzy logic controller for its automatic transmission, while
retaining multiple positions for forward.
Air Conditioning Control
Up to 20% energy savings have been demonstrated with fuzzy logic controllers for air
conditioners. They are used in several commercial air conditioners, in lieu of the more
traditional on/off controller.
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Subway Control
The new subway in the city of Sendai, operational since 1987, uses a fuzzy logic running
and braking system (Hirota 1987). One new line of the Tokyo subway system also uses
such a system.
Autonomous Helicopter Control
Professor Sugeno showed a videotape to illustrate one of his projects, a 3.6-meter
autonomous helicopter that has a fuzzy logic controller. The helicopter can respond to
voice commands (turn left, stop, back up, slow down, speed up, land, etc.) or can fly a
predefined course (using a differential global positioning system to know where it is). The
helicopter appeared to be quite stable in conducting its maneuvers. Dr. Sugeno is working
with United Technologies on an unmanned helicopter.

REFERENCES
Hirota, K., ed. 1993. Industrial applications of fuzzy technology, 263-69. Tokyo:SpringerVerlag.
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Site:

Toshiba Research and Development Center
1 Komukai, Toshiba-cho
Saiwai-ku, Kawasaki 210, Japan
Tel.: 044-549-2020
Fax: 044-549-2224

Date Visited:

May 26, 1995

Report Author:

T. Sheridan

ATTENDEES
JTEC:
S. Chipman
J. Foley
R. Kraut
T. Sheridan
T. Skelly
Hosts:
Masaana Minami

Haruo Asada

Yoichi Takebayashi, PhD

Sadanori Yoshimura
Miwako Doi

Hiromi Takahara

General Manager, Communication and Information
Systems Research Laboratories
minami@isl.rdc.toshiba.co.jp
Senior Manager, Communication and Information
Systems Research Laboratories
asada@eel.rdc.toshiba.co.jp
Senior Research Scientist, Communication and
Information Systems Research Laboratories
yoichi@krl.toshiba.co.jp
Senior Specialist, Instrumentation and Electrical
Engr. Group, Nuclear Engineering Laboratory
Senior Research Scientist, Communication and
Information Systems Research Laboratories
doi@isl.rdc.toshiba.co.jp
International Visits and Liaisons,
Research Administration
Takahara@rds.rdc.toshiba.co.jp

BACKGROUND
Toshiba was founded in 1875 as Tanaka Engineering Works, became Shibura Engineering
Works, combined with Tokyo Electric Company in 1939, and became Toshiba Corporation
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in 1978. At the time of the JTEC visit, it employed 74,600 persons and had net sales of
$31.6 billion. The fraction that is information and communication systems as compared to
heavy electrical apparatus has continued to grow and was 54% of operations in 1993.
Toshiba is a principal supplier of boiling water nuclear power reactor systems. It employs
1,500 scientists and engineers, including 200 women. R&D expenditures are 8.5% of sales.

RESEARCH AND DEVELOPMENT ACTIVITIES
Sadanori Yoshimura presented the center’s development of an operator training support
system for nuclear power plants (Ohtsuka et al. 1995). Trainees undergo emergency
response exercises in a full plant simulator. Operator responses, alarms, and plant
parameters are evaluated in combination with respect to a computerized knowledge base.
By preestablished criteria, errors are counted and stored in a database for later analysis or
playback for operator training.
Yoshimura made a second presentation of what Toshiba calls an “ecological interface” for
nuclear power plants (Sakuma et al. 1995). By ecological is meant an interface that
accords with a taxonomy of human mental functions developed by Professor J. Rasmussen
of Riso Laboratory, Denmark, who used the term to characterize what are asserted to be
natural hierarchical relationships in human cognition in relation to task performance — a
mapping between high-level goals, through functional abstractions such as energy and
mass balance, and finally to physical phenomena and task motor actions. It amounts to a
philosophy for designing and evaluating procedures, displays, and controls.
Dr. Takebayashi demonstrated the center’s speech recognition activity (Takebayashi 1992;
Takebayashi et al. 1991; Takebayashi et al. 1993; Kanazawa et al. 1994; Kanazawa et al.
1995). This is a major effort, dating from 1992, that constructs a spontaneous speech
dialogue system. This system consists of a noise-robust wordspotter, a syntactic and
semantic parser, a user-initiated dialogue manager, a multimodal response generator, and a
speech response chancellor. Dr. Takabayashi and his associates demonstrated the system
in the context of ordering a hamburger at a fast food establishment (!).
They also discussed briefly the application of some of these ideas to document retrieval,
using keywords in relation to semantics. A prototype system automatically generates
abstracts based on the user’s inputs.
Toshiba has had a Japanese language processor since 1977.
interested in applying this technology to groupware.

The company is very

Finally Miwako Doi demonstrated a virtual reality simulation of an operator or a team of
operators performing procedures in a nuclear power plant, presumably useful either for
engineering development of procedures or control room design (displays and controls) or
for training of operators.
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Site:

TRON Laboratory, Sakamura Laboratory
University of Tokyo
4-6-1 Komaba, Meguro-Ku
Tokyo, Japan
Tel.: 813-3812-2111
Fax: 813-3779-5753
E-mail: sakamura@is.s.u-tokyo.ac.jp
URL: http://tron.is.s.u-tokyo.ac.jp/TRON

Date Visited:

May 27, 1995

Report Author:

J. Hollan
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ATTENDEES
JTEC:
S. Chipman
J. Foley
E. Glinert
J. Hollan
T. Sheridan
T. Skelly
Host:
Professor Ken Sakamura

TRON Project Leader, Associate Professor,
Department of Information Science
Tel.: 81-3-3812-2111, ext. 4094;
Fax: 81-3-3779-5753
E-mail: sakamura@is.s.u-tokyo.ac.jp

BACKGROUND
The TRON (The Real-time Operating System Nucleus) Project was originated by Dr. Ken
Sakamura of the University of Tokyo 11 years ago. It is funded by a consortium of private
companies and receives no government support. Having such a consortium based in a
university is unusual. As of 1995, 69 companies were members of the TRON Association.
The cost of membership includes a one-time entry fee that ranges from ¥900,000 (~$9,000)
for an organization with board member status to ¥100,000 (~$1,000) for companies with
more limited access. Annual dues range from ¥500,000 to ¥4,500,000 (~$5,000 to
~$45,000) for these two bounding membership categories.
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The original goal of the TRON project was to explore the use of large networks of
microcomputers in civilian applications in which people are “surrounded by massive
computing power.” This led to a focus on new uses for computers and development of
new architectures for distributed applications. One large project was the construction of a
house of the future. This “TRON-concept intelligent house” was built in Tokyo in 1989. It
had over a thousand computing elements (microcontrollers, sensors, and actuators). The house
was dismantled in 1992, but there are now plans to build an intelligent office building.

RESEARCH AND DEVELOPMENT ACTIVITIES
The research and development philosophy of the TRON project is simply expressed by two
phrases: computing everywhere and sticking to reality. The computing-everywhere view
is similar to but predates the Xerox Parc idea of ubiquitous computing. The view forecasts
an environment in which computers are spread everywhere and are part of most common
objects. For example, an office would have computers embedded in the floor, walls,
ceiling, chairs, desk, and common objects like pens. These computers would be
interconnected into a network to support office work. The sticking-to-reality principle
holds that future computing applications need to be tied closely to and integrated with real
environments. This leads to a focus on augmenting reality rather than virtual reality.
The TRON project has historically attempted to address two parallel research fronts. One
is exploration of application projects like the intelligent house, and the other is
foundational projects concerned with developing basic technology.
One of the
fundamental projects has been the design of a series of VLSI TRON chips.
The project has proposed an open computing architecture and has developed a series of
specifications. The goal is what is termed “loose standardization” that provides a set of
rules for computer interfaces without presupposing particular hardware or software. The
TRON-specification chip is designed to support the distributed applications envisioned.
These chips are being manufactured by a number of companies (Toshiba, Mitsubishi,
Hitachi, Fujitsu, and Matsushita). The GMicro/500 is the highest performance chip (32-bit
microprocessor with 32-bit address bus and 64-bit data bus). In addition, a series of
peripheral chips have been developed. The software development environment is C-based
and a set of GNU software development tools (GCC and friends) have been ported to the
TRON environment.
Other fundamental subprojects include: ITRON (Industrial TRON), an architecture for
real-time operating systems for embedded computers; BTRON (Business TRON), an
architecture for personal computers or workstations that focuses on providing a uniform
human machine interface; and CTRON (Central/Communication TRON), a set of
operating system interfaces for supporting switching and communication functions.
Application projects include: intelligent house (1989-1992), intelligent building (final
design stage), computer city, automobile traffic information system.
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Another TRON subproject focuses on the human-machine interface. Effective interfaces
are seen as fundamental to creation of a highly functional distributed system. The project
emphasizes four aspects of HCI: standardizing operation methods, taking into account the
needs of the disabled, supporting multiculturalism, and assuring safety. The TRON
Human Machine Interface Specifications were issued in 1993. Following this release, the
group that designed them sponsored an HCI design competition for household and
consumer products. The goal was to promote use of the TRON specifications, convey the
importance of the human interface, and evaluate the proposed specifications.

SUMMARY
This is a very ambitious project centered around a visionary project leader. The vision of
computing everywhere is one that has had impact on conceptions of human-computer
interaction and provides an interesting alternative to the more prevalent view of personal
machines. This embedded computing view is shared by the ubiquitous computing efforts at
Xerox Parc and by such recent projects as the intelligent room work in the MIT AI Laboratory.
It is hard to judge this project. Although there appears to be continuing support from
companies and production of TRON architecture chips, there is little information available
about the details of projects using the TRON architecture. Also, one wonders about the
ability of small-volume chips to keep pace with larger efforts. In addition, the software
efforts appear to be such that integration with other application programs will be difficult.
Specifics about the results of application projects such as the intelligent house have been
difficult to obtain. This is perhaps a natural consequence of consortium funding and the
need to provide details primarily to consortium members. Almost as interesting as the
technology and novel vision for the future of computing would be more details about the
sociology of establishing this very nontraditional company-university vehicle for research
funding. That the consortium has existed for over a decade is in sharp contrast to the
history of similar research consortia in the United States.
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[Note: for a more general description of the TRON Program, see JTEC Panel Report on Advanced
Computing in Japan (Harrison et al., 1990, NTIS PB90-215765), 131-136.]
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AFOSR
APEC
ARO
ATM Forum
Birefringence
CAI
CISTA
CMU
Codec
CSCW
DSP
ECB
EPROM
GUI
Haptic feedback
Hiragana
Hyperlink
I/O
ITU-T
Kanji
Katakana
LCD
LSI
Macromind
Middleware

MIMD
MIPS
MMI
MPT
MPEG
MUD

NACSIS

GLOSSARY

Air Force Office of Scientific Research
Asia-Pacific Economic Cooperation (organization of East
Asian and Pacific countries)
Army Research Office
Asynchronous Transfer Mode (ATM) standards setting group
Reflection of light in two slightly different directions to form
two rays
Computer-aided instruction
Computer-integrated speech training aid
Carnegie-Mellon University
Coder/decoder (i.e., for video or audio)
Computer-supported collaborative work
Digital signal processing
Electrically controlled birefringence
Erasable programmable read-only memory
Graphical user interface
Force and tactile feedback
Phonetic Japanese character set
Electronic pointer from one location to another (see WWW)
Input/output
International Telecommunications Union standard
Pictograph Japanese character set
Phonetic Japanese character set
Liquid crystal display
Large-scale integrated (circuits, devices)
Multimedia authoring package sold by Macromedia
Software interposed between basic functionalities such as
those provided by database management systems and
operating systems on the one hand and end-user
applications on the other hand
Multiple instruction, multiple data — a type of architecture for
parallel computers
Million instructions per second
Man-machine interface
Ministry of Posts and Telecommunications (Japan)
Moving Pictures Experts Group (develops standards for data
compression)
Multiuser dungeon, or multiuser dimension, a real-time
computer-based system often set within an imagined
setting and configured as a set of rooms
National Center for Science Information Systems (Japan)
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NEDO
NII
NTT
Psychophysics
QWERTY keyboard

RISC
RWC
SIMD
Smart set top box

TN
Touch-screen
UDTV
UIST
ULSI
UNIX
Videophone
VR
WWW
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New Energy Development and Industrial Technology
Organization (Japan)
National information infrastructure
Nippon Telephone and Telegraph
Branch of psychology that deals with perception of physical
stimuli such as light and sound
Common English-language keyboard, with letters Q, W, E, R,
T, and Y comprising the upper left row of the letter
pad
Reduced instruction set
Real World Computing Program (Japan)
Single instruction multiple data — a type of architecture for
parallel computers
TV cable control box with embedded computer to provide
enhanced functionality (e.g., news-on-demand, child
security, intelligent menus, etc.)
Twisted nematic (type of flat panel display device)
Display screen that is also an input device (sensitive to
pointing with finger or stylus)
Ultra-definition television
Annual conference on user interface software and technology
Ultra large-scale integrated (circuits, devices)
Computer operating system
Telephone with video
Virtual reality
World Wide Web (collection of hyperlinked information on
the Internet that can be accessed via popular browsers
such as Netscape and Mosaic)
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