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oo rity are fundamental human aspirations, and the
role that:can ed by science and technology towards these
ends is vast.

For the development of science and technology, The Science and
Technology Foundation of Japan presents Japan Prize to promote the
comprehensive spread and development of science and technology.
Commemorative Lectures by the Prize Laureates are held annually
during the Japan Prize Week.

The Japan Prize honors those who are seen to have made original
and outstanding achievements in science and technology, and thus
to the peace and prosperity of mankind.

The first Japan Prize was presented in 1985.

‘This year, 1997, the 13th Japan Prize will be pfesented to the
following four laureates :

Category: Biotechnology in Medicine

Laureate: Dr, Takashi Sugimura (Japan)
President Emeritus of National Cancer Center and
President of Toho University

Laureate: Dr. Bruce N. Ames(U.S.A)
Professor of Biochemistry & Molecular Biology,
University of California, Berkeley

Category: Systems Engineering for an Artifactual Environment
Laureate: Dr. Joseph F. Engelberger(U.S.A)

Chairman and Director, HelpMate Robotics Inc.
Laureate: Dr. Hiroyuki Yoshikawa

Former President, The University of Tokyo

The four laureates have been invited to give Commemorative
Lectures to the general public.

We sincerely hope that these Lectures provide inspirations and
encouragement to those who will be leaders in science and
technology in future generations.

Prof. Jiro Kondo
Chairman
The Science and Technology Foundation of Japan
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Dr. Takashi Sugimura (Japan)

President Emeritus of National Cancer Center and
President of Toho University. Born in 1926
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Reasons for Award : Contribution to Establishment of Fundamental
Concept on Causes of Cancer <Joint Award>

As early as 1957, Dr. Sugimura discovered the carcinogenicity of a
mutagen, 4-nitroquinoline-1-oxide. In 1967, he successfully induced
stomach cancer in rats by oral administration of a mutagen, N-methyl-N'-
nitro-N-nitrosoguanidine. He subsequently established the fact that many
carcinogens were mutagens. He successfully isolated and ideatified many
carcinogens with a structure of heterocyclic amine from foods cooked
under ordinary conditions. He further developed his studies to analyze
multiple step carcinogenesis at molecular levels. He demonstrated that
many environmental carcinogens could be identified by their
mutagenicity. He has made crucial contributions to the establishment of

the fundamental concept on causes of cancer.
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Establishment of the Basic Concept that Cancer is

-a Disease of DNA

There is abundant evidence that cancer has
existed from the prehistoric era and is not a
disease only associated with modemization of our
society. As a good anecdotal example, the
presence of a breast cancer can be recognized in a
picture draw of his wife, the famous Dutch
painter, Rembrandt over 300 years ago. However,
it is also true that under a particular occupational
conditions, certain cancers may be especially
frequent. Thus scrotum cancer in the chimney
sweeps of London attracted the attention of Sir
William Pott in 1775 and urinary bladder cancer
was often found among workers in the aniline-
dye industry in the late 19th century (Rehn,
1895). These examples of so-called occupational
cancers facilitated the search for the nature of
cancer. On the basis of such clues, Prof.
Katsusaburo Yamagiwa painted coal tar on the
cars of rabbits and first succeeded experimentally
in producing skin cancer. Dr. Kennaway in
United Kingdom first isolated pure 1,2,5,6-
dibenzanthracene as a chemical producing skin
cancer (1930). Drs. Takaoki Sasaki and Tomizo
Yoshida were the first in the world to produce
cancers in the viscera of animals (hepatoma) by
feeding o-aminoazotoluol on rats (1932). As we
can see, the tradition of carcinogenesis research in
Japan goes back a very long way.

It is now a commonplace that cancer cells are
converted from normal cells. Dr, Boveri (1914)
and Dr. Bauer (1928) who carefully studied the
carcinogenic process and abnormalities in
chromosomal features and numbers, very early
proposed the hypothesis that cancer cells are the
outcome of somatic mutations. Mathematical

analysis of the age of onset of stomach, colon and

lung cancers led Drs. Armitage and Doll (1954)
to conclude that the underlying carcinogenic
processes involve several events. Similarly aduit
T-cell leukemia is triggered by infection with
HTLV-1 at an early stage of life through breast
milk feeding but the onset of disease has a peak at
55-65 years old. Berenblum had in fact already

Takashi Sugimura

demonstrated the presence of at Jeast two
qualitatively distinct steps with their experiments
of painting of benzo [a|pyrene followed by croton
oil in 1941.

The above background suggests that
carcinogenesis might be due to multiple-step
alteration of genes. I had the good fortune with
my mentor Dr. Waro Nakahara (1957) to prove
that the mutagen 4-nitroguinoline I1-oxide
(4NQQO), could cause mouse skin tumors, In a
series of studies, we demonstrated formation of
4NQO-derived adducts in DNA base after in vive
injection of the carcinogen (1967), then revealed
metabolic conversion of 4NQO to
4-hydroxylaminoquinoline 1-oxide (4HAQO),
and production of single strand DNA scission by
4HAQO (1968). An enzyme which converts
4NQO to 4HAQO, was purified from the rat liver
(1966). We then demonstrated the carcinogenicity
of N-methyl-N"-nitro-N-nitrosoguanidine
(MNNG) in rats by noting fibrosarcoma
development with subcutaneous injections (1966)
and gastric carcinomas after oral administration
as a drinking water solution (1967). Subsequently
we found remarkable differences in the
susceptibility to induction of stomach cancer by
genetic crosses (1983) and now this subject is a
major theme in the rat genome project (1996).

The food additive, AF-2, which had been used
as a preservative was demonstrated to be
mutagenic by Dr. Sohei Kondo and his associates.
It was proven to be carcinogenic some years later,
and its usage was banned.

The fact that typical carcinogens such as
polycyclic aromatic hydrocarbons and azodyes
could not initially be demonstrated to be
mutagenic in microbes was at first confusing.
However, Prof. Bruce Ames overcome this
problem when he invented the so-called "Ames
Test". The principle consists of incubation of test-
substances with a Salmonelia typhimurium strain
requiring L-histidine and a metabolic system
obtained from the liver of rats treated with PCBs.




Typical carcinogens thereby undergo metabolism
by cytochrome P450 and eventual activation to
ultimate forms (electrophilic compounds) which
can bind to DNA and proteins (nucleophilic
compounds), as unequivocally investigated by
Drs. E.C. Miller and J. Miller.

4NQO and AF-2 are metabolically activated
by a pathway shown by common microbes and
mammalian cells, MNNG itself can react with
DNA through decomposition in water. However,
most carcinogens require metabolic activation by
cyticgrine P450 and therefore can only be
demonstrated by Ames type approaches.

We took great advantage of tha Ames methed.
It was known that tar of cigarette smoke
contained many mutagens/carcinogens, We were
fortunate in that this research led us to observe
that smoke yielded by broiling fish also contained
mutagenic agents (1977). As a result we
undertook further intensive studies of pyrolysates
of amino acids and proteins and also of heated
meat (fish, beef etc.) and demonstrated the
existence of new heterocyclic amines (HCAs)
like pyridoindole, dipyridoimidazole and
imidazoquinoline (IQ) as well as
imidazoquinoxaline (IQx) derivatives. It is now
clear that these are ubiquitously found in meat
cooked under very ordinary conditions. They are
thus contaminants of daily food and the presence
of HCA-DNA base adducts has already been
proven in man, Human urine contains HCAs and
their metabolites. HCAs are carcinogens in
rodents (1981-1991). Dr. Felton found one of
HCAs, being phenylimidazopyridine (PhIP). We
demonstrated that PhIP can in fact induce many
types of cancers, in the breast of female and colon
and prostate of male rats and in the Iymphatics of
mice. All those cancers are currently on the
increase in humans.

Dr. Jigerstad discovered that the precursors
for IQ and IQx derivatives are creatin(in)e, sugars
and amino acids in meat. HCAs are metabolically
activated by CYP1A2 to their hydroxyamino

derivatives. The hydroxyamino derivatives are
further activated by esterification with acetic acid

~ and sulfuric acid to ultimate forms, producing

DNA adducts, especially with guanine.

Human beings are not only exposed to HCAs
but also to other genotoxic agents such as
polycyclic aromatic hydrocarbons and active
oxygen species which can damage DNA. Chronic
inflammation yields active oxygen and nitric
oxide. Inflammation and tissue damage stimulates
cell division and increases the chance of errors
occurring with DNA replication, This may be
one reason for the observed link between viruses
and bacteria infection and human carcinogenesis.

The presence of mutations in cancer cells has
been demonstrated for oncogenic virus studies on
the one side, and transformation experiments with
NIH 3T3 cells on the other. Furthermore, the
identification of families led to the discovery of
cancer related genes, such as RB, APC and
BRCAL. '

We were lucky to early on demonstrate the
presence of multiple genetic alterations in
pancreas (1986) and then lung small cell cancers
(1987) In the same vein, clonal growth of
hepatoma cells with accumulation of genetic
alterations was demonstrated for hepatitis B virus
infected hepatocarcinogenesis. In animal
experiments, colon cancer induced by PhlIP often
showed truncation of APC gene as with cases of
human colon neoplasia. In addition, microsatellite
mutations were frequently observed in both
experimental and clinical studies,

An awarenes of "Cancer is a disease of DNA"
facilitates development of new weapons for early
cancer diagnosis, deciding on the most
appropriate therapy for individual cancer patients,
gene therapy, better consultation of cancer-family
members, cancer prevention, and inhibition of
multiple tumor in patients at high risk.
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Reasons for Award : Contribution to Establishment of Fundamental
Concept on Causes of Cancer <Joint Award>

Dr. Ames first established an efficient in vitro assay for mutagens
using Salmonella in 1971. This "Ames test" has been used widely in
rescarch institutes, industries and regulatory agencies around the world for
screening for environmental carcinogens and mutagens, This test has also
been used to study metabolisms of carcinogens and mutagens. He
established the fact that many carcinogens were mutagens. He made
further contributions to the understanding of endogenous oxygen-radicals
in carcinogenesis and to the understanding of the mechanisms involved in
aging. He demonstrated the close relationship between mutagenicity and
carcinogenicity. He has made crucial contributions to the establishment of
the fundamental concept on causes of cancer,
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Nutrition, Cancer, and The Degenerative Diseases

of Aging

Aging appears to be in good part due to the
oxidants produced as by-products of normal
metabolism by mitochondria. The degenerative
diseases of aging such as cancer, cardiovascular
disease, cataracts, and brain dysfunction, are
increasingly found to have, in good part, an
oxidative origin. The main source of dietary
antioxidants is fruits and vegetables. The quarter
of the American population that eats the fewest
fruits and vegetables (5 portions a day is advised)
has about double the cancer rate for most types of
cancer of the quarter that eats the most, Deficiency
of antioxidants causes the same damage to DNA
as radiation.

Many micronutrients protect against DNA
damage. For example, folate deficiency is one of
the most commeon vitamin deficiencies, occurring
in neatly half of low income (mainly African-
American) elderly, and adolescents. Folate
deficiency is associated with increased
chromosome breaks cancer, heart disease, neural
tube defects in the fetus, and cognitive defects in
adults. Folate deficiency causes extensive
incorporation of uracil into human DNA (4
million/cell), leading to chromosomal breaks.
Elevated DNA uracil Ievels and chromosome
breakage are reversed by folate administration.
This mechanism is the likely cause of the
increased cancer risk and cognitive defects in
humans and emphasizes the importance of fruit
and vegetable intake for a healthy life.

Men with low Vitamin C intake have low
Vitamin C in their seminal fluid and much more
oxidative damage to the DNA in their sperm.
Male smokers are particularly at risk as they have
depleted antioxidant pools (cigarette smoke is
extremely high in oxidants). A smoker must eat 2
to 3 times as much Vitamin C as a non-smoker to
maintain an equal plasma level, yet smokers tend
to eat worse diets than non-smokers. Indeed, male
smokers may have a considerably higher risk of
having children with birth defects and childhood

cancer.

Bruce N. Ames

Two major causes of cancer are smoking (1/3
of cancer & 1/4 of heart disease) and dietary
imbalances {excess fat and calories; inadequat‘e
intake of fruits, vegetables, fiber, and
micronutrients). Another major contributor to
cancer is chronic infections leading to chronic
inflammation (hepatitis B and C viruses,
Helicobacter pylori infection, schistosomiasis,
etc.). Chronic inflammation is a major cause of
cancer in the world because it releases powerful
oxidants which both stimulate cell division and
are mutagens. Gamma-tocopherol, the main
source of Vitamin E in the diet, is a mutagen trap
and defends against NOx and other mutagens

- released during inflammation or smoking, and

thus complements alpha-tocopherol, the
antioxidant sold as a suppleuiem. Past )
occupational exposures might cause about 2% of
current human cancer, a major part being asbestos
exposure in smokers, and industiral or synthetic
chemical pollution causes less than 1%, in my
view, The age-adjusted cancer death rate in the
U.S. for all cancers combined (excluding those
attributable to smoking) has declined 15% in the
U.S. since 1950, while life expectancy increases
every year,

Two factors are critical in the formation of
mutations: lesions in DNA, formed when DNA is
damaged, and cell division, which converts DNA
lesions to mutations, Agents increasing either
lesions or cell division increase mutations and as a
consequence increase cancer incidence. Hormones
stimulating cell division increase cancer incidence
(e.g. levels of estrogen in breast cancer and
testosterane in prostate cancer); hormones may be
a risk factor in about 20% of human cancer.

Animal cancer tests, which are done at the
maximum tolerated dose (MTD), are being
misinterpreted to mean that low doses of the
chemicals tested and found positive are thereby
relevant to human cancer. Animal cancer tests are
mainly done on synthetic chemicals and industrial
pollutants, yet half of all natural chemicals that




have been tested at the MTD are redent
carcinogens, It is argued that the exi)lanaﬁon for
the high frequency of positive results in animal
cancer tests is that high dose animal cancer tests
are mainly measuring increases in cell division
due to cell killing and compensatory cell division;
this is a high dose effect that does not occur at low
doses. In any case, 99.9% or more of the
chemicals we eat are natural. For example 99.99%
of the pesticides we eat are natural chemicals that
are present in plants to ward off insects and other
predators. More than half of those natural
pesticides tested in high dose animal tests are
rodent carcinogens. There are about 10,000 of so
different natural pestivides in our diet, and they
are usually present at enormously higher levels
than synthetic pesticides. Cooking food also
generates thousands of chemicals. There are over
1000 chemicals reported in a cup of coffee. Only
26 have been tested in animal cancer tests and
more than half are rodent carcinogens; there are
still a thousand chamicals left to test. The amount
of potentially carcinogenic pesticide residues
consumed in a year is less than the known amount
of rodent carcinogens in a cup of coffee.

The reason we can eat the tremendous variety
of natural chemical rodent carcinogens in our food
is that animals are extremely well defended
against all chemicals by many general defense
systems. These enzymes, e.g. DNA repair and
glutathione transferases which defend against
reactive compounds such as mutagens, are all
inducible (more of them are made when they are
in use). They are equally effective against natural
and synthetic reactive chemicals. Thus, animals
are extremely well defended against low doses of
chemicals, One does not expect, nor does one
find, a general difference between synthetic and
natural chemicals in their carcinogenicity, and
though less well studied, the same would be
expected for mutagenicity, teratogenicity, and
acute toxicity.
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Reasons for Award : Establishment of the Robot Industry and Creation
of a Techno-Global Paradigm<Joint Award>

Dr. Engelberger foresaw from the beginning that machines called
robots would markedly improve productivity and was a key person in
their development and introduction for practical purposes. He has greatly
contributed to the long-term expansion and development of the world
economy by innovatively improving productivity in the manufacturing
industry.
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Robotics - Past, Present and Future

The carliest glimmer of robotics occurred in
mythology. The dream of creating artificial
humans paralleled the dream of creating wealth
thmugh alchemy to transform lead into gold. In
Greek mythology we see sculptor Pygmalion fall
in love with his statue of Galatea. Venus, the
goddess of love, takes pity on Pygmalion and
breathes life into the cold marble.

And, in the Middle Ages in middle Europe,
folks believed in the Golem, a creature created out
of mud and embedded with superhuman
capabilities. Then in the 1400s and 1700s
ingenious designers built robots out of cams,
gears, springs and music box drums to emulate
human activities such as piano playing and letter
writing. We have all along wanted to believe that
Tobots could be created though human cleverness
and magic.

It would be human cleverness and not magic
that eventually made robotics practical. As late as
the 1939 World Fair in New York, Westinghouse
created a robot exhibition featuring Electro and
Sparky, a robot and his pet dog. They were hits
but their technology was of the 1500s, cams,
gears, and so forth.

Despite the wistful dreaming, a useful robot
would not become possible until after World War
II. Charlie Chaplin in his incisive film, Modern
Times, had by 1936 foretold the need for robotics
by demonstrating the enervating effect of modern
manufacturing upon the human psyche. Yet, it
was not to be until our technical tool kit included
servo technology, digital logic and solid state
electronics.

Victor Hugo wrote that there is no power on
earth so strong as “an idea whose time has come."
The idea was rattling around with Capek's 1922
play Rossum's Universal Robots and in the 1940s'

stories of Asimov that set the rules for robot
morality.

The Three Laws of Robotics
L. A robot must not harm a human being, nor

Joseph F. Engelberger

through inaction allow one to come to harm.

2. A robot must always obey human beings,
unless that is in conflict with the first law.

3. A robot must protect itself from harm, unless
that is in conflict with the first or second laws,

Armed with aerospace technology of the
moment and a seminal patent by one George C.
Devol, my company Consolidated Controls
Corporation undertook to build an industrial robot.
By 1961, that Unimate® robot went to work in a
General Motors plant. It operated a die cast
machine, the arch typical hot and hazardous job
that human workers might best be relieved of.
Unimate 001 is now in the Smithsonian Museum
after working the lifetime hours of a human
laborer unto retirement.

Hurrying past the origins to the present we see
an international industry now running at
approximately six billion dollars per year. That
industry was born of U.S. innovation but has
prospered largely as the result of Japanese
implementation. Figure 1 is a broad but
necessarily incomplete list of jobs performed by
robots for the economic as well the social benefit

of industry employers and employees.

I have said that a practical industrial robot
awaited technology. Emergence of the available
technology set the scene for Unimation Inc. We
could build a hydraulic powered robot with record
playback programming to attack those heavy duty
chores that demanded husky male labor using both
hands, t was the automotive industry that first
saw the potential. The work was hard and
operations ran two shifts. Robots eamed their
keep. -

It was in 1967 that Japan flexed its muscle. My
privilege was to push the embryo industry in
Tokyo. There was no time wasted, JIRA was born
with 47 members! Okay, the innovation came
from the USA. But Japan became the producers.
By the 1990s, Japan's robot manufacturers were




dominating the industrial robot industry. Japanese
manufacturers had improved reliability from an
initial 400 hour MTBF to an MTBF of 15,000
hours. After proving the technology in Japanese
industry, Japan spread its wings to offer
conservative, reliable industrial robots worldwide,

Here we are today with a six billion dollar
industry dominated by Japan. Robotics, justified
originally only by cost saving, can now claim
advantages of quality, throughput and human
safety.

What next?

Now it is time to look forward. The industrial
robot scene is stable. Robots have become
commodities. There are green ones, orange ones,
blue ones all with similar specifications. Ho hum!
Meanwhile the technology pertinent to robotics
has outstripped industrial robotics. When robots
can truly see, feel and understand spoken
commands they can aspire to tasks in the
unstructured world in which we lead our daily
lives. A spectrum of such applications were
preposed in my 1989 book, Robotics in Service.

These applications are listed in the next two slides
(Figure 2). A culmination comes in robotics
devoted to personal service. That would be great
fun for most of us and a great boon for those of us
who are elderly, frail and unable to live
independently.

In Figure 3 we see a compendium of
capabilities, largely sensory, that will enable
robots to cope effectively with the jobs listed in
Figure 2.

A "Golden Age" approaches for robotics. It
will be driven by the available technology applied
to the needs of an aging cil.iz;em'y. Throughout the
industrialized world the fastest growing
population is the aged, still cognitive, but
physically handicapped. Robots will serve these
folks in a personal and competent fashion that can
no longer be expected of their progeny. Senior
citizens, living independently with robot

caregivers, will enjoy help in daily living at a
much lower cost than could be offered by
conventional nursing home service.

As a cause celebré 1 reach out internationally
for sponsors of the final development of a robot
caregiver. How wonderful for commercial
interests to enjoy remarkable profitability while

adding quality to the twilight years of our seniors.

Following is a short lst of likely tasks for a
robotic caregiver - fetch and carry, meal
preparation, clean house, monitor vital signs,
assist ambulation, manage the environment,
communicate by veoice, take emergency action -
and in Figure 4 we see jut one kindly act,
"offering an arm." What excitement to be facing
such a fine challenge at the turn of the century!




CURRENT APPLICATIONS
Die Casting Machine Loading
Spot Welding Stamping
Arc Welding Plastic Molding
Glass Handling Investment Casting
Heat Treatment Conveyor Transfer
Forging Palletizing
Paint Spraying Inspection
Fettling Order Picking
Lab Automation Batch Assembly

Figure 1

SERVICE ROBOT APPLICATIONS

Hospital Porter
Commercial Cleaning

Guard Service

Nuclear Power Maintenance

Underwater Maintenance
Parapharmacist

Parasurgeon

Farming

Gas Station Attendant
Hotel Bell Boy

Space Vehicle Assembly
Military Combat
Companion for Infinn

or Handicapped

Robotics Toolchest
Electronics’ Range Scanning
® Low-cost, high-speed # Ultrasound
MCrOPIocessors ® Light triangulation

® Vast memories, negligible cost

Servos
aDC

®AC

® Stepper
@ Hydraulic

Controllers

@ Point-to-point

& Continuous path
® Sensor-driven

Application Software
o VAL

& KAREL

o RCCL

# and others

Position and Motion Sensors
® Encoders

® Resolvers

® Compasses

® Passive beacons

& Active beacons

® Ceiling vision

& Inertial{Gyro)

® Clinometer

® GPS

o LIDAR

® Optical flow
@ Capacitive
® Inductive

Yision

& Structured light

® Stereo

® Scene analysis

® Template matching
@& Colorimeter

@ Bar code readers

Tactility

® Wrist force sensing
® Torque sensing

@ Fingertip arrays

® Limit switches

@ Contact bumpers

Voice Communication
@ Synthesis
® Recognition

Artificial Intelligence
® Expert systems

® Sensory fusion

® Fuzzy logic

@ Semantic networks

Figure 2

Figure 3
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Dr. Yoshikawa has shown that the professional disciplines associated
with the production of artifacts have been too specialized with respect to
the system of knowledge, which has made the solving of such problems as
environmental destruction and depletion of resources difficult.

He has piaycd a leading role in research in the systematizing
knowledge relatéd to design and manufacturing and has developed a new
field called general design theory. Based on this concept, he has proposed
artifactual engineering in order to solve the above problems.
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General Design Theory and Environment

1. Design

Designing is an important feature possessed by
the human race. Design exists in each field of
technology, such as architectural design,
mechanical design, and so on; it represents the
thought processes for newly creating things that
did not exist prior to then. The imaginative
processes outside of fields of technology have
been given names like creation and production
and have not been called design. When we
perceive that they all share common grounds in
fundamental areas, it will probably be easy to
understand that design bestows upon human
beings a characteristic strikingly different from
those of other living creatures.

Consequently, it would seem that giving
consideration to what design is is an unavoidable
part of reaching an understanding of what human
beings are. Moreover, it is of substantial
importance to people in two senses, Factor
number one is that because it is a quality not
possessed by other living things, we must know
about it in order to comprehend human beings. It
can be referred to as an eternal theme for
humankind.

The second point is that once something that
has been designed and manufactured starts to exist
in the real world, it will end up changing its own
environment. That is directly linked to current
environment problems and in some ways is an
urgent issue.

Thus, it is necessary to clarify how research
should be carried out concerning design as a topic
of substantial importance, Since design represents
various actions that reflect the distinguishing
features of technology and other worlds, infinite
"design theories" have come into formation with
individual acts of design as their subjects.
Furthermore, although architectural design theory
and electric circuit design theory are both types of
design, they have ended up as completely
unrelated academic fields. '

The sphere of research that pays attention to
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the parts common to alf acts of design conducted
by human beings and which also aims to produce
theories for them is called “general design theory".
General design theory first limits its questions to
design in technology. Then, having done that, the
task for general design theory has been to render it
possible for the ideas conceived by human beings
to exist physically. In other words, the subject
under general design theory's consideration
generally consists of the act of bringing such
things to realization as man-made objects.

2. General Design Theory

Attempts to describe design in technology as a
system can be found from long ago. As is aften
said, it takes over ten years in any realm to
become well-versed in design. In addition, many
of the documents describing design have been
backed by a designer's own long-time experiences.
In books with titles like design theory, design
methods, and so on, the designer's own
experiences are directly related as if to talk about
them to the reader. These in reality are highly
useful books.

However, though backed by the same
experiences, there have also been attempts to
describe the subjects of design and the design
process as systematically as possible and to
éstablish a system for objective design. Through |
extracting the subjects for design as the structural
relationship between functions and substance,
general descriptions have carried out; a standard
model has been sought as the time series for the
design process; the collection of previous
examples of design has been taken as the scope;
and psychological methods have been used, etc.

The aforementioned all try to relate design in
an as general form as possible as the foundation of
actual examples of design conducted up to now.
These attempts have obtained definite results and
are, of course, valuable for people learning design.
However, they share some
commen problems. That is to say, there is no way




to guarantee the legitimacy of any theory of
design not to disprove mistakes. As long as those
are basic experiences in design, the field will
definitely be correct in some ways yet will lack
the possibility of growing as a science.

That is where attempts have arisen to formulate
a plan to describe design systematically all the
while fulfilling the conditions of a science. If that
is possible, it will be a plan in which design theory
as its result will advance into a minute system
through theoretical research into the field.
Moreover, as a result, the act of designing as its
practical application will promise a harmonious
development offering a richer artifactual
environment.

General design theory has been proposed as
one possible method going in accordance with the
line of such a plan. That takes as the axiom a
simple model related to the human conceptual
system, and it attempts to describe all the acts of
design as the theorem. If it is verified that all the
theorems obtained can explain without exception
the acts of design in the current world, then that
will bear a structure in which the axiomatic
system-namely, the legitimacy of the theoretical
system deduced from that-will be strengthened.

3. Verification

General design theory, which was proposed in
the 1970s, has only three axioms; it is a very
abstract thing, Speaking from the premise that
applicable design theory exists in the design of all
spheres, such abstractness is inevitable. But a
problem is presented in that the theorem obtained
will be abstract, too. Moreover, when it comes to
verifying the theorem, that will not be abstract
since the means of verification consists of
observing the designs of actual designers. Here
arises the characteristic thorny problem of the
disparity between the abstractness of the
experiments for identification and the theoretical
results obtained; it is a problem that does not
appear in the so-called exact sciences such as

physics.

Similar problems exist in other intellectual
tesearch as well. Nevertheless, perhaps we ought
to conclude that, on account of this, design '
research ultimately can not enter the scope of
empirical science as a method in common with the
natural sciences, which conduct verfication
through experiments and the presentation of
hypotheses in the theory.

At present, the outlook is that there will be
limitations to general design theory's ability to
improve its precision through empirical science
methods. That is because a task within general
design theory is for the people who are designers
through and through to construct theories
concerning the act of design within their own
perceptions and controllable thoughts. And these
thoughts have limitations to the accuracy of their
observations. Expressed another way, they are

- believed to differ in nature from natural

phenomena, which are the subjects for observation
in the exact sciences like physics.

4. Validity

Something replacing observation and
measurement in empirical science or else
something supplementing that is needed to solve
this problem. The method known as utility has
been proposed in general design theory. That
means to develop a systemn that can undergo
practical application in reality based on
knowledge obtained from general design theory
and to use it in actuality. Namely, this is to put it
to use and judge its value. If it is useful, the design
theory proposed as a hypothesis can be regarded
as standing up to verification. However, if it is not
useful, it will be disproved. Here a system that can
undergo practical application means anything
from primers on design, to anthologies of actual
examples of design, calculator systems, and so on.
In any case, it must reflect the design theory.

In reality, to create these systems or else judge
their value is the venue for actual design. At times




that will be in the laboratories for design research,
but the design section of a manufacturing industry
where actual design activities are conducted may
suffice just as well. In that case, the survival or the
system in the market is linked to verification of
the theory, Consequently, the fundamental set of
proposals for hypothetical theories in empirical
science and verification through experiments
comes to be replaced here by the set known as
proposals for hypothetical theories and judgment
of their legitimacy through utility.

In this way, considering that general design
theory is something crisscrossing various fields of
engineering, engineering can be suggested as an
independent field of scholarship with a structure
different from that of empirical science. In
addition, utility means reality, or to make an
existing thing. Therefore, a connection can be
anticipated as well with historical science, which
is related to things that have existed. A task for the
future is to have "practical science" become
possible, which will verify theories through utility
as a way to provide structural connections

between empirical science and historical science.

5. Utility

In this way, general design theory does not stop
at mere contemplation in research laboratories; it
needs not to be practial application but must be
connected with the real world even in its
theoretical structure. With this background,
general design theory has shown a number of
developments up to now,

The second meaning of design research, which
was touched upon at the outset--namely, the view
that what people have made has ended up
producing a unique environment for human
beings--becomes the weightiest topic in the sense
of the previously mentioned utility. In this case, it
goes beyond the question of how human beings
have designed, for it means to research the
artificial environment itseif. What is called an
artificial environment in general does not exit,

There only exists one real environment that
surrounds humankind; the research treating it as
its subject is artifactual engineering.

On the one hand, planning practical usage as a
substitute for experiments and historical
investigations is importants as well. For example,
industry-university cooperation is one venue for
utility, but at the present juncture that tends to be
excessively induced by myopic material gain.

If utility is to be viewed as everything that
creates history, in this case technological design as
something producing an artificial environment
should be injected compositely as much as
possible into human intelligence. Only once that
becomes possible will it also be effective as a
venue for verifying design hypothesis. The
"Intelligent Manufacturing System (IMS)
International Cooperative Research Program" has
been proposed from that perspective, and it is
corrently being advanced.

6. Closing

Research concerning design is something I
stepped into, led by simple doubts as to whether
engineering is an academic field. There have been
various developments thereafter. The
aforementioned artifactual engineering and IMS
Program have facets that are not necessarily
connected at all with general design theory, rather
they have been born out of the demands of a
particular era. Yet that makes possible the
interpretation that reseach into design theory has
developed in a way not unconnected to the
changes in the times.

My conclusion currently is that engineering
itself is a unique academic realm. However, its
development ought to be joint with the
technological actions of human beings. Therefore,
I have expectations about the day when
engineering, in link with an expansion of
technology, will be positioned as a more general
and basic field of scholarship.




