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Preface
There are professions more harmful than industrial design, but only a very few of them. And possibly only one profession is phonier.
Advertising design, in persuading people to buy things they don't need, with money they don't have, in order to impress others who don't care,
is probably the phoniest field in existence today. Industrial design, by concocting the tawdry idiocies hawked by advertisers, comes a close
second. Never before in history have grown men sat down and seriously designed electric hairbrushes, rhinestone-covered file boxes, and
mink carpeting for bathrooms, and then drawn up elaborate plans to make and sell these gadgets to millions of people. Before (in the 'good
old days'), if a person liked killing people, he had to become a general, purchase a coal-mine, or else study nuclear physics. Today, industrial
design has put murder on a mass-production basis. By designing criminally unsafe automobiles that kill or maim nearly one million people
around the world each year, by creating whole new species of permanent garbage to clutter up the landscape, and by choosing materials and
processes that pollute the air we breathe, designers have become a dangerous breed. And the skills needed in these activities are taught
carefully to young people.
In an age of mass production when everything must be planned and designed, design has become the most powerful tool with which man
shapes his tools and environments (and, by extension, society and himself). This demands high social and moral responsibility from the
designer. It also demands greater understanding of the people by those who practise design and more insight into the design process by the
public. Not a single volume on the responsibility of the designer, no book on design that considers the public in this way, has ever been
published anywhere.
In February 1968, Fortune magazine published an article that foretold the end of the industrial design profession. Predictably, designers
reacted with scorn and alarm. But I feel that the main arguments of the Fortune article are valid. It is about time that industrial design, as we
have come to know it, should cease to exist. As long as design concerns itself with confecting trivial 'toys for adults', killing machines with
gleaming tailfins, and ‘sexed-up' shrouds for typewriters, toasters, telephones, and computers, it has lost all reason to exist.

Design must become an innovative, highly creative, cross- disciplinary tool responsive to the true needs of men. It must be more researchoriented, and we must stop defiling the earth itself with poorly-designed objects and structures. For the last ten years or so, I have worked
with designers and student design teams in many parts of the world. Whether on an island in Finland, in a village school in Indonesia, an airconditioned office overlooking Tokyo, a small fishing village in Norway, or where I teach in the United States, I have tried to give a clear
picture of what it means to design within a social context. But there is only so much one can say and do, and even in Marshall McLuhan's
electronic era, sooner or later one must fall back on the printed word.
Included in the enormous amount of literature we have about design are hundreds of 'how-to-do-it' books that address themselves exclusively
to an audience of other designers or (with the gleam of textbook sales in the author's eye) to students. The social context of design, as well as
the public and lay reader, is damned by omission.
Looking at the books on design in seven languages, covering the walls of my home, I realized that the one book I wanted to read, the one
book I most wanted to hand to my fellow students and designers, was missing. Because our society makes it crucial for designers to
understand clearly the social, economic, and political background of what they do, my problem was not just one of personal frustration. So I
decided to write the kind of book that I'd like to read.
This book is written from the viewpoint that there is some- thing basically wrong with the whole concept of patents and copyrights. If I design
a toy that provides therapeutic exercise for handicapped children, then I think it is unjust to delay the release of the design by a year and a
half, going through a patent application. I feel that ideas are plentiful and cheap, and it is wrong to make money from the needs of others. I
have been very lucky in persuading many of my students to accept this view. Much of what you will find as design examples throughout this
book has never been patented. In fact, quite the opposite strategy prevails: in many cases students and I have made measured drawings of,
say, a play environment for blind children, written a description of how to build it simply, and then mimeographed drawings and all. If any
agency, anywhere, will write in, my students will send them all the instructions free of charge. I try to do the same myself. An actual case
history may explain this principle better.
Shortly after leaving school nearly two decades ago, I designed a coffee table based on entirely new concepts of structure and assembly. I
gave a photograph and drawings of the table to the magazine Sunset, which printed it as a do-it-yourself project in the February 1953 issue.
Almost at once a Southern California furniture firm, Modern Colour, Inc., 'ripped-off’ the design and went into production. Admittedly they
sold about eight thousand tables in 1953. But now it is 1970. Modern Colour has long since gone bankrupt, but Sunset recently reprinted the
design in their book Furniture You can Build, so people are still building the table for themselves.
Thomas Jefferson himself entertained grave doubts as to the philosophy inherent in a patent grant. At the time of his invention of the hempbreak, he took positive steps to prevent being granted a patent and wrote to a friend: 'Something of this kind has been so long wanted by
cultivators of hemp that as soon as I can speak of its effect with certainty, I shall probably describe it anonymously in the public papers in
order to forestall the prevention of its use by some interloping patentee.'
I hope this book will bring new thinking to the design process and start an intelligent dialogue between designer and consumer. It is organized

into two parts, each six chapters long. The first part, 'Like It Is', attempts to define and criticize design as it is practised and taught today. The
six chapters of 'How It Could Be' give the reader at least one newer way of looking at things in each chapter.
I have received inspiration and help in many parts of the world, over many years, in forming the ideas and ideals that made the writing of this
book so necessary. I have spent large chunks of time living among Navahos, Eskimos, and Balinese, as \\ell as spending nearly one-third of
each of the last seven years in Fin- land and Sweden, and I feel that this has shaped my thoughts. In Chapter Four, 'Do-It-Yourself Murder', I
am indebted to the late Dr Robert Lindner of Baltimore, with whom I corresponded for a number of years, for his concept of the 'Triad of
Limitations'. The idea of kymmenykset was first formulated by me during a design conference on the island of Suomenlinna in Finland in
1968. The word Ujamaa, as a simple way of saying 'we work together and help each other without colonialism or neo- colonial exploitation',
was supplied in Africa during my UNESCO work.
Mr Harry M. Philo, an attorney from Detroit, is responsible for many of the examples of unsafe design cited in Chapter Five. Much in
Chapter Eleven, 'The Neon Blackboard', reflects similar thinking by my two good friends, Bob Malone of Connecticut, and Bucky Fuller.
Four people are entitled to special thanks. Walter Muhonen of Costa Mesa, California, because the example set by his life has kept me going,
even though my goals seemed unattainable. He taught me the real meaning of the Finnish word sisu. Patrick Decker of College Station,
Texas, for persuading me to write this book. Telle' Olof Johansson of Halmstad and Stockholm, Sweden, for arguing the fine points of design
with me, long into many nights; and for making the actual completion of this book's first Swedish edition possible. My wife, Harlanne, helped
me to write what I wanted to say, instead of writing what seemed to sound good. Her searching questions, criticism, and encouragement often
made all the difference.
The incisive thinking and the help of my editor, Verne Moberg, have made this revised edition sounder and more direct. In an environment
that is screwed up visually, physically, and chemically, the best and simplest thing that architects, industrial designers, planners, etc., could do
for humanity would be to stop working entirely. In all pollution, designers are implicated at least partially. But in this book I take a more
affirmative view: It seems to me that we can go beyond not working at all, and work positively. Design can and must become a way in which
young people can participate in changing society.
As socially and morally involved designers, we must address ourselves to the needs of a world with its back to the wall while the hands on the
clock point perpetually to one minute before twelve.
Helsinki - ShigaraJja (Bali) - Stockholm
1963-71

WHAT IS DESIGN?

A Definition of Design and the Function Complex
The wheel's hub holds thirty spokes
Utility depends on the hole through the hub.
The potter's clay forms a vessel.
It is the space within that serves.
A house is built with solid walls
The nothingness of window and door alone
renders it usable,
That which exists may be transformed
What is non-existent has boundless uses.
LAO-TSE
All men are designers. All that we do, almost all the time, is design, for design is basic to all human activity. The planning and patterning of
any act towards a desired, foreseeable end constitutes the design process. Any attempt to separate design, to make it a thing-by-itself, works
counter to the inherent value, of design as the primary underlying matrix of life. Design is com- posing an epic poem, executing a mural,
painting a masterpiece, writing a concerto. But design is also cleaning and reorganizing a desk drawer, pulling an impacted tooth, baking an
apple pie, choosing sides for a back-lot baseball game, and educating a child. Design is the conscious effort to impose meaningful order.
The order and delight we find in frost flowers on a window pane, in the hexagonal perfection of a honeycomb, in leaves, or in the architecture
of a rose, reflect man's preoccupation with pattern, the constant attempt to understand an ever-changing, highly complex existence by
imposing order on it - but these things are not the product of design. They possess only the order we ascribe to them. The reason we enjoy
things in nature is that we see an economy of means, simplicity, elegance and an essential tightness in them. But they are not design. Though
they have pattern, order, and beauty, they lack conscious intention. If we call them design, we artificially ascribe our own values to an
accidental side issue. The streamlining of a trout's body is aesthetically satisfying to us, but to the trout it is a by-product of swimming
efficiency. The aesthetically satisfying spiral growth pattern found in sunflowers, pineapples, pine cones, or the arrangement of leaves on a
stem can be explained by the Fibonacci sequence (each member is the sum of the two previous members: 1, 1, 2, 3, 5, 8, 13, 21, 34 .. .), but
the plant is only concerned with improving photosynthesis by exposing a maximum of its surface. Similarly, the beauty we find in the tail of a
peacock, although no doubt even more attractive to a peahen, is the result of intra-specific selection (which, in the case cited, may even
ultimately prove fatal to the species).
Intent is also missing from the random order system of a pile of coins. If, however, we move the coins around and arrange them according to
size and shape, we add the element of intent and produce some sort of symmetrical alignment. This sym- metrical order system is a favourite
of small children, unusually primitive peoples, and some of the insane, because it is so easy to understand. Further shifting of the coins will
produce an infinite number of asymmetrical arrangements which require a higher level of sophistication and greater participation on the part

of the viewer to be understood and appreciated. While the aesthetic values of the symmetrical and asymmetrical designs differ, both can give
ready satisfaction since the underlying intent is clear. Only marginal patterns (those lying in the threshold area between symmetry and
asymmetry) fail to make the designer's intent clear. The ambiguity of these 'threshold cases' produces a feeling of unease in the viewer. But
apart from these threshold cases there are an infinite number of possible satisfactory arrangements of the coins. Importantly, none of these is
the one right answer, though some may seem better than others.
Shoving coins around on a board is a design act in miniature because design as a problem-solving activity can never, by definition, yield the
one right answer: it will always produce an infinite number of answers, some 'righter' and some 'wronger'. The Brightness' of any design
solution will depend on the meaning with which we invest the arrangement.
Design must be meaningful. And 'meaningful' replaces the semantically loaded noise of such expressions as 'beautiful1, 'ugly', 'cool', 'cute',
'disgusting', 'realistic', 'obscure', 'abstract', and 'nice', labels convenient to a bankrupt mind when con- fronted by Picasso's 'Guernica', Frank
Lloyd Wright's Falling-f water, Beethoven's Eroica, Stravinsky's Le Sacre du printemps, Joyce's Finnegans Wake. In all of these we respond
to that which has meaning.
The mode of action by which a design fulfils its purpose is its function.
'Form follows function', Louis Sullivan's battle cry of the i88os and 18905, was followed by Frank Lloyd Wright's 'Form and function are
one'. But semantically, all the statements from Horatio Greenough to the German Bauhaus are meaningless. The concept that what works well
will of necessity look well has been the lame excuse for all the sterile, operating-room-like furniture and implements of the twenties and
thirties. A dining table of the period might have a top, well proportioned in glisten- ing white marble, the legs carefully nurtured for
maximum strength with minimum materials in gleaming stainless steel. And the first reaction on encountering such a table is to lie down on it
and have your appendix extracted. Nothing about the table says: 'Dine off me.' Le style internationaland die neue Sachlichkeit have let us
down rather badly in terms of human value. Le Corbusier's house as la machine a habiter and the packing-crate houses evolved in the Dutch
De Stijl movement reflect a perversion of aesthetics and utility.
'Should I design it to be functional,' the students say, 'or to be aesthetically pleasing?' This is the most heard, the most understandable, and the
most mixed-up question in design today. 'Do you want it to look good, or to work ?' Barricades erected between what are really just two of the
many aspects of function. It is all quite simple: aesthetic value is an inherent part of function. A simple diagram will show the dynamic
actions and relationships that make up the function complex:
It is now possible to go through the six parts of the function complex (above) and to define every one of its aspects.
METHOD: The interaction of tools, processes, and materials. An honest use of materials, never making the material seem that which it is not,
is good method. Materials and tools must be used optimally, never using one material where another can do the job less expensively and/or
more efficiently. The steel beam in a house, painted a fake wood grain; the moulded plastic bottle designed to look like expensive blown
glass; the 1967 New Eng- land cobbler's bench reproduction ('worm holes $i extra') dragged into a twentieth-century living room to provide

dubious footing for Martini glass and ash tray: these are all perversions of materials, tools, and processes. And this discipline of using a
suitable method extends naturally to the field of the fine arts as well. Alexander Calder's 'The Horse', a compelling sculpture at the Museum
of Modern Art in New York, was shaped by the particular material in which it was conceived. Calder decided that boxwood would give him
the specific colour and texture he desired in his sculpture. But boxwood comes only in rather narrow planks of small sizes. (It is for this
reason that it tradition- ally has been used in the making of small boxes: hence its name.) The only way he could make a fair-sized piece of
sculpture out of a wood that only comes in small pieces was to interlock them somewhat in the manner of a child's toy. The Horse', then, is a
piece of sculpture, the aesthetic of which was largely determined by method. For the final execution at the Museum of Modern Art Calder
chose to use thin slats of walnut, a wood similar in texture.
When early Swedish settlers in what is now Delaware decided to build, they had at their disposal trees and axes. The material was a round
tree trunk, the tool an axe, and the process a simple kerf cut into the log. The inevitable result of this combination of tools, materials, and
process is a log cabin.
From the log cabin in the Delaware Valley of 1680 to Paolo Soleri's desert home in twentieth-century Arizona is no jump at all. Soleri's house
is as much the inevitable result of tools, materials, and processes as is the log cabin. The peculiar viscosity of the desert sand where Soleri
built his home made his unique method possible. Selecting a mound of desert sand, Soleri criss-crossed it with V-shaped channels cut into the
sand, making a pattern somewhat like the ribs of a whale. Then he poured concrete in the channels, forming, when set, the roof- beams of the
house-to-be. He added a concrete skin for the roof and bulldozed the sand out from underneath to create the living space itself. He then
completed the structure by setting in car windows garnered from automobile junkyards. Soleri's creative use of tools, materials, and processes
was a tour deforce that gave us a radically new building method.
Dow Chemical's 'self-generating' styrofoam dome is the pro- duct of another radical approach to building methods. The foundation of the
building can be a 12-inch-high circular retaining wall. To this wall a 4-inch wide strip of styrofoam is attached which raises as it goes around
the wall from zero to 4 inches in height, forming the base for the spiral dome. On the ground in
Paolo Soleri: Carved earth form for the original drafting room and interior of the ceramics workshop. Photos by Stuart Weiner.
the centre, motorized equipment operates two spinning booms, one with an operator and the other holding a welding machine. The booms
move around, somewhat like a compass drawing a circle, and they rise with a spiralling motion at about 30 feet a minute. Gradually they
move in towards the centre. A man sit- ting in the saddle feeds an 'endless' 4 x 4-inch strip of styrofoam into the welding machine, which
heat-welds it to the previously hand-laid styrofoam. As the feeding mechanism follows its circular, rising, but ever-diminishing diameter path,
this spiral process creates the dome. Finally, a hole 36 inches in diameter is left in the top, through which man, mast, and movement arm can
be re- moved. The hole is then closed with a clear plastic pop-in bubble or a vent. At this point the structure is translucent, soft, but still
entirely without doors or windows. The doors and windows are then cut (with a minimum of effort; in fact the structure is still so soft that
openings could be cut with one's fingernail), and the structure is sprayed inside and out with latex-modified concrete. The dome is ultralightweight, is secured to withstand high wind speeds and great snow loads, is vermin-proof, and inexpensive. Several of these 54-footdiameter domes can be easily joined together into a cluster.

All these building methods demonstrate the elegance of solution possible with a creative interaction of tools, materials, and processes.
USE: 'Does it work?' A vitamin bottle should dispense pills singly. An ink bottle should not tip over. A plastic-film package covering sliced
pastrami should withstand boiling water. As in any reasonably conducted home, alarm-clocks seldom travel through the air at speeds
approaching five hundred miles per hour, 'streamlining' clocks is out of place. Will a cigarette lighter designed like the tail fin of an
automobile (the design of that auto- mobile was copied from a pursuit plane of the Korean War) give more efficient service? Look at some
hammers: they are all different in weight, material, and form. The sculptor's mallet is fully round, permitting constant rotation in the hand.
The jeweller's chasing hammer is a precision instrument used for fine work on metal. The prospector's pick is delicately balanced to add to the
swing of his arm when cracking rocks.
The ball-point pen with a fake polyethylene orchid surrounded by fake styrene carrot leaves sprouting out of its top, on the other hand, is a
tawdry perversion of design for use.
But the results of the introduction of a new device are never predictable. In the case of the automobile, a fine irony developed. One of the
earliest criticisms of the car was that, unlike 'old Dobbin', it didn't have the sense 'to find its way home' whenever its owner was incapacitated
by an evening of genteel drinking. No one foresaw that mass acceptance of the car would put the American bedroom on wheels, offering
everyone a new place to copulate (and privacy from supervision by parents and spouses). Nobody expected the car to accelerate our mobility,
thereby creating the exurbant sprawl and the dormitory suburbs that strangle our larger cities; or to sanction the killing of fifty thou- sand
people per annum, brutalising us and making it possible, as Philip Wylie says 'to see babies with their jaws ripped off on the corner of Maine
and Maple'; or to dislocate our societal groupings, thus contributing to our alienation; and to put every yut, yahoo, and prickamouse from
sixteen to sixty in permanent hock to the tune of $80 a month. In the middle forties, no one foresaw that, with the primary use function of the
automobile solved, it would emerge as a combination status symbol and disposable, chrome-plated codpiece. But two greater ironies were to
follow. In the early sixties, when people began to fly more, and to rent standard cars at their destination, the businessman's clients no longer
saw the car he owned and therefore could not judge his 'style of life' by it. Most of Detroit's Baroque exuberance sub- sided, and the
automobile again came closer to being a transportation device. Money earmarked for status demonstration was now spent on boats, colour
television sets, and other ephemera. The last irony is still to come: with carbon monoxide fumes poisoning our atmosphere, the electric car,
driven at low speeds and with a cruising range of less than one hundred miles, reminiscent of the turn of the century, may soon make an
anachronistic comeback. Anachronistic because the days of individual transportation devices are numbered.
The automobile gives us a typical case history of seventy years of the perversion of design for use.
NEED: Much recent design has satisfied only evanescent wants and desires, while the genuine needs of man have often been neglected by the
designer. The economic, psychological, spiritual, technological, and intellectual needs of a human being are usually more difficult and less
profitable to satisfy than the carefully engineered and manipulated 'wants' inculcated by fad and fashion.
People seem to prefer the ornate to the plain as they prefer day-dreaming to thinking and mysticism to rationalism. As they seek crowd
pleasures and choose widely travelled roads rather than solitude and lonely paths, they seem to feel a sense of security in crowds and

crowdedness. Horror vacui is horror of inner as well as outer vacuum.
The need for security-through-identity has been perverted into role-playing. The consumer, unable or unwilling to live a strenuous life, can
now act out the role by appearing caparisoned in Naugahyde boots, pseudo-military uniforms, voyageur's shirts, little fur jackets, and all the
other outward trappings of Davy Crockett, Foreign Legionnaires, and Cossack Hetmans. (The apotheosis of the ridiculous: a 'be-your-ownPaul-Bunyan-kit, beard included', neglecting the fact that Paul Bunyan is the imaginary creature of an advertising firm early in this century.)
The furry parkas and elk-hide boots are obviously only role- playing devices, since climatic control makes their real use redundant.
A short ten months after the Scott Paper Company introduced disposable paper dresses for QQC, it was possible to buy throwaway paper
dresses ranging from $20 to $149.50. With increased consumption, the price of the 99c dress could have dropped to 40c. And a 40c paper
dress is a good idea. Typically, industry perverted the idea and chose to ignore an important need- fulfilling function of the design: disposable
dresses inexpensive enough to make disposability economically feasible for the consumer.
Greatly accelerated technological change has been used to create technological obsolescence. This year's product often incorporates enough
technical changes to make it really superior to last year's offering. The economy of the market place, however, is still geared to a static
philosophy of purchasing-owning' rather than a dynamic one of 'leasing-using', and price policy has not resulted in lowered consumer cost. If
a television set, for instance, is to be an every-year affair, rather than a once-in-a- lifetime purchase, the price must reflect it. Instead, the real
values of real things have been driven out by false values of false things, a sort of Gresham's Law of Design.
As an attitude, 'Let them eat cake' has been thought of as a manufacturer's basic right. And by now people, no longer 'turned on' by a loaf of
bread, can differentiate only between frostings. Our profit-oriented and consumer-oriented Western society has become so over specialised
that few people experience the pleasures and benefits of full life, and many never participate in even the most modest forms of creative
activity which might help to keep their sensory and intellectual faculties alive. Members of a 'civilised' community or nation depend on the
hands, brains, and imaginations of experts. But however well trained these experts may be, unless they have a sense of ethical, intellectual,
and artistic responsibility, then morality and an intelligent, 'beautiful', and elegant quality of life will suffer in astronomical proportions under
our present-day system of mass production and private capital.
TELESIS: 'The deliberate, purposeful utilisation of the processes of nature and society to obtain particular goals' (American College
Dictionary, 1961). The telesic content of a design must reflect the times and conditions that have given rise to it, and must fit in with the
general human socio-economic order in which it is to operate.
The uncertainties and the new and complex pressures in our society make many people feel that the most logical way to regain lost values is
to go out and buy Early American furniture, put a hooked rug on the floor, buy ready-made phoney ancestor portraits, and hang a flint-lock
rifle over the fireplace. The gas-light so popular in our subdivisions is a dangerous and senseless anachronism that only reflects an insecure
striving for the 'good old days' by consumer and designer alike.
Our twenty-year love affair with things Japanese - Zen Buddhism, the architecture of the Ise Shrine and Katsura Imperial Palace, haiku

poetry, Hiroshige and Hokusai block-prints, the music of koto and samisen, lanterns and sake sets, green tea liqueur and sukiyaki and tempura
- has triggered an intemperate demand by consumers who disregard telesic aptness. By now it is obvious that our interest in things Japanese is
not just a passing fad or fashion but rather the result of a major cultural confrontation. As Japan was shut off for nearly two hundred years
from the Western world under the Tokugawa Shogunate, its cultural expressions flourished in a pure (although somewhat inbred) form in the
imperial cities of Kyoto and Edo (now Tokyo). The Western world's response to an in-depth knowledge of things Japanese is comparable
only to the European reaction to things classical, which we are now pleased to call the Renaissance. Nonetheless, it is not possible to translate
things from one culture to another.
The floors of traditional Japanese homes are covered by floor mats. These mats are 3x6 feet in size and consist of rice straw closely packed
inside a cover of woven rush. The long sides are bound with black linen tape. While tatami mats impose a module (homes are spoken of as
six-, eight-, or twelve-mat homes), their primary purposes are to absorb sounds and to act as a sort of wall-to-wall vacuum cleaner which
filters particles of dirt through the woven surface and retains them in the inner core of rice straw. Periodically these mats (and the dirt within
them) are discarded, and new ones are installed. Japanese feet encased in clean, sock- like tabi (the sandal-like street shoe, or geta, having
been left at the door) are also designed to fit in with this system. Western- style leather-soled shoes and spike heels would destroy the surface
of the mats and also carry much more dirt into the house. The increasing use of regular shoes and industrial precipitation make the use of
tatami difficult enough in Japan and absolutely ridiculous in the United States, where high cost makes periodic disposal and reinstallation
ruinously expensive.
But a tatami-covered floor is only part of the larger design system of the Japanese house. Fragile, sliding paper walls and tatami give the
house definite and significant acoustical proper- ties that have influenced the design and development of musical instruments and even the
melodic structure of Japanese speech, poetry, and drama. A piano, designed for the reverberating insulated walls and floors of Western homes
and concert halls, cannot be introduced into a Japanese home without reducing the brilliance of a Rachmaninoff concerto to a shrill
cacophony. Similarly, the fragile quality of a Japanese samisen cannot be fully appreciated in the reverberating box that constitutes the
American house. Americans who try to couple a Japanese interior with an American living experience in their search for exotica find that
elements cannot be ripped out of their telesic context with impunity.
ASSOCIATION: Our psychological conditioning, often going back to earliest childhood memories, comes into play and pre- disposes us, or
provides us with antipathy against a given value. Increased consumer resistance in many product areas testifies to design neglect of the
associational aspect of the function complex. After two decades, the television-set industry, for instance, has not yet resolved the question of
whether a television set should carry the associational values of a piece of furniture (a lacquered mah-jongg chest of the Ming Dynasty) or of
technical equipment (a portable tube tester). Television receivers that carry new associations (sets for children's rooms in bright colours and
materials, enhanced by tactilely pleasant but non-working controls and pre-set for given times and channels, clip-on swivel sets for hospital
beds, etc., etc.) might not only clear up the astoundingly large back inventory of sets in warehouses, but also create new markets.
And what shape is most appropriate to a vitamin bottle: a candy jar of the Gay Nineties, a perfume bottle, or a 'Danish modern' style salt
shaker ?

The response of many designers has been like that so unsuccessfully practised by Hollywood: the public has been pictured as totally
unsophisticated, possessed of neither taste nor discrimination. A picture emerges of a moral weakling with an IQ of about 70, ready to accept
whatever specious values the unholy trinity of Motivation Research, Market Analysis, and Sales have decided is good for him. In short, the
associational values of design have degenerated to the lowest common denominator, determined more by inspired guesswork and piebald
graphic charts rather than by the genuinely felt wants of the consumer.
Many products already successfully embody values of high associational content, either accidentally or 'by design'.
The Sucaryl bottle by Raymond Loewy Associates for Abbott Laboratories communicates both table elegance and sweetening agent without
any suggestion of being medicine-like. The Lettera 22 portable typewriter by Olivetti establishes an immediate aura of refined elegance,
precision, extreme portability, and businesslike efficiency, while its two-toned carrying case of canvas and leather connotes 'all-climate-proof.
Abstract values can be communicated directly to everyone, and this can be simply demonstrated.
If the reader is asked to choose which one of the figures below he would rather call Takete or Maluma (both are words devoid of all meaning
in any known language), he will easily call the one on the right Takete (W. Koehler, Gestalt Psychology),
Many associational values are really universal, providing for unconscious, deep-seated drives and compulsions. Even totally meaningless
sounds and shapes can, as demonstrated, mean the same thing to all of us. The unconscious relationship between spectator expectation and the
configuration of the object can be experimented with and manipulated. This will not only enhance the 'chair-ness' of a chair, for instance, but
also load it with associational values of, say, elegance, formality, portability, or what-have-you.
AESTHETICS: Here dwells the traditionally bearded artist, mythological figure, equipped with sandals, mistress, garret, and easel, pursuing
his dream-shrouded designs. The cloud of mystery surrounding aesthetics can (and should be) dispelled. The dictionary definition, 'a theory of
the beautiful, in taste and Art' leaves us not much better off than before. Nonetheless we know that aesthetics is a tool, one of the most
important ones in the repertory of the designer, a tool that helps in shaping his forms and colours into entities that move us, please us, and are
beautiful, exciting, filled with delight, meaningful.
Because there is no ready yardstick for the analysis of aesthetics, it is simply considered to be a personal expression fraught with mystery and
surrounded with nonsense. We 'know what we like' or dislike and let it go at that. Artists themselves begin to look at their productions as
auto-therapeutic devices of self- expression, confuse licence and liberty, and forsake all discipline. They are often unable to agree on the
various elements and attributes of design aesthetics. If we contrast the 'Last Supper' by Leonardo da Vinci with an ordinary piece of
wallboard, we will understand how both operate in the area of aesthetics. In the work of so-called 'pure' art, the main job is to operate on a
level of inspiration, delight, beauty, catharsis ... in short, to serve as a propagandistic communications device for the Holy Church at a time
when a largely pre-literate population \vas exposed to a few non-verbal stimuli. But the 'Last Supper' also had to fill the other requirements of
function; aside from the spiritual, its use was to cover a wall. In terms of method it had to reflect the material (pigment and vehicle), tools
(brushes and painting knives), and processes (individualistic brushwork) employed by Leonardo. It had to fulfil the human need for spiritual

satisfaction. And it had to work on the associational and telesic plane, providing reference points from the Bible. Finally, it had to make 30
identification through association easier for the beholder through such clichés as the racial type, garb, and posture of the Saviour. 'The Last
Supper', by Leonardo da Vinci. Earlier 'Last Supper' versions, painted during the sixth and seventh centuries, saw Christ lying or reclining in
the place of honour. For nearly a thousand years, the well-mannered did not sit at the table. Leonardo da Vinci disregarded the reclining
position followed by earlier civilisations and painters for Jesus and the Disciples. To make the 'Last Supper' acceptable to Italians of his time,
on an associational plane, Leonardo sat the crowd around the last supper table on chairs or benches in the proper positions of his (Leonardo's)
time. Unfortunately the scriptural account of St John resting his head on the Saviour's bosom presented an unsolvable positioning problem to
the artist, once everybody was seated according to the Renaissance custom. On the other hand, the primary use of wallboard is to cover a wall.
But an increased choice of textures and colours applied by the factory shows that it, too, must fulfil the aesthetic aspect of function. No one
argues that in a great work of art such as the 'Last Supper', prime functional emphasis is aesthetic, with use (to cover a wall) subsidiary. The
main job of wallboard is its use in covering a wall, and the aesthetic assumes a highly subsidiary position. But both examples must operate in
all six areas of the function complex. Designers often attempt to go beyond the primary functional requirements of method, use, need, telesis,
association, and aesthetics; they strive for a more concise statement: precision, simplicity. In a statement so conceived, we find a degree of
aesthetic satisfaction comparable to that found in the logarithmic spiral of a chambered nautilus, the ease of a seagull's flight, the strength of a
gnarled tree trunk, the colour of a sunset. The particular satisfaction derived from the simplicity of a thing can be called elegance. When we
speak of an 'elegant' solution, we refer to something consciously evolved by men which reduces the complex to the simple:
Euclid's Proof that the number of primes is infinite, from the field of mathematics, will serve: 'Primes' are numbers which are not divisible,
like 3, 17, 23, etc. One would imagine as we get higher in the numerical series, primes would get rarer, crowded out by the ever-increasing
products of small numbers, and that we would finally arrive at a very high number which would be the highest prime, the last numerical
virgin.
Euclid's Proof demonstrates in a simple and elegant way that this is not true and that to whatever astronomical regions we ascend, we shall
always find numbers which are not the product of smaller ones but are generated by immaculate conceptions, as it were. Here is the proof:
assume that P is the hypothetically highest prime; then imagine a number equal to 1 x 2 x 3 x 4 ... x P. This number is expressed by the
numerical symbol (P!). Now add to it 1: (P! + 1). This number is obviously not divisible by P or any number less than P (because they are all
contained in (P!)); hence (P! + 1) is either a prime higher than P or it contains a prime factor higher than P . . . Q.E.D.
The deep satisfaction evoked by this proof is aesthetic as well as intellectual: a type of enchantment with the near-perfect.

PHYLOGENOCIDE:
A History of the Industrial Design Profession
We are all in the gutter, but some of
us are looking at the stars.

OSCAR WILDE
The ultimate job of design is to transform man's environment and tools and, by extension, man himself. Man has always tried to change
himself and his surroundings, but only recently have science, technology, and mass production made this more nearly possible. We are
beginning to be able to define and isolate problems, to determine possible goals and work meaningfully towards them. And an overtechnologized, sterile, and inhuman environment has become one possible future; a world choking under a permanent, dun-coloured pollution
umbrella, another. In addition the various sciences and technologies have become woefully compartmentalised and specialised. Often, more
complex problems can be attacked only by teams of specialists, who often speak only their own professional jargon. Industrial designers, who
are often members of such a team, frequently find that, besides fulfilling their normal design function, they must act as a communication
bridge between other team members. Frequently the designer may be the only one who speaks the various technical jargons. Because of his
educational background, the role of team interpreter is often forced upon him. So we find the industrial designer in a team situation becoming
the 'team synthesist', a position to which he has been elevated only by the default of people from all the other disciplines.
This has not always been true.
Many books on industrial design suggest that design began when man began making tools. While the difference between Australopithecus
africanus and the modern designer may not be as great as one might think or hope for, the stance of equating man the toolmaker with the start
of the profession is just an attempt to gain status for the profession by evoking a specious historical precedent. 'In the beginning was Design':
obviously, but not industrial design. Henry Dreyfuss, one of the founders of the profession, says in Designing for People (probably the best
and most characteristic book about industrial design):
The Industrial Designer began by eliminating excess decoration, his real job began when he insisted on dissecting the product, seeing what
made it tick, and devising means of making it tick better - then making it look better. He never forgets that beauty is only skin-deep. For years
in our office we have kept before us the concept that what we are working on is going to be ridden in, sat upon, looked at, talked into,
activated, operated, or in some way used by people individually or en masse. If the point of contact between the product and the people
becomes a point of friction, then the Industrial Designer has failed. If, on the other hand, people are made safer, more comfortable, more
eager to purchase, more efficient - or just plain happier - the designer has succeeded. He brings to this task a detached, analytical point of
view. He consults closely with the manufacturer, the manufacturer's engineers, production men, and sales staff, keeping in mind whatever
peculiar problems the firm may have in the business or industrial world. He will compromise up to a point but he refuses to budge on design
principles he knows to be sound. Occasionally he may lose a client, but he rarely loses the client's respect.
Industrial design, then, is always related to production and/or manufacturing facilities, a state of affairs enjoyed by neither man nor the Deity.
The first concern with the design of tools and machinery coincided almost exactly with the beginnings of the Industrial Revolution and,
appropriately enough, made its first appearance in England. The first industrial design society was formed in Sweden in 1849, to be followed
shortly by similar associations in Austria, Germany, Denmark, England, Norway, and Finland (in that order). The designers of the period
were concerned with form-giving, an erratic search for 'appropriate beauty' in machine tools and machine-made objects. Looking at the
machine, they saw a new thing, a thing that seemed to cry out for decorative embellishments. These decorations were usually garnered from

classical ornaments and from major raids into the animal and vegetable kingdoms. Thus, giant hydraulic presses dripped with acanthus leaves,
pineapples, stylised wheat sheaves. Many of the 'sane design' or 'design reform' movements of the time, as those engendered by the writings
and teachings of William Morris in England and Elbert Hubbard in America, were rooted in a sort of Luddite anti-machine philosophy. Frank
Lloyd Wright said in 1894 that 'the machine is here to stay' and that the designer should 'use this normal tool of civilisation to best advantage
in- stead of prostituting it as he has hitherto done in reproducing with murderous ubiquity forms born of other times and other conditions
which it can only serve to destroy'. Yet designers of the last century were either perpetrators of voluptuous Victorian- Baroque, or members of
an arty-crafty clique who were dismayed by machine technology. The work of the Kunstgerverbe- schule, in Austria, and some isolated
German design groups anticipated things to come, but it was not until Walter Gropius founded the German Bauhaus in 1919 that an uneasy
marriage between art and machine was achieved.
No design school in history has had greater influence in shaping taste and design than the Bauhaus. It was the first school to consider design a
vital part of the production process rather than 'applied art' or 'industrial arts'. It became the first international forum on design because it drew
its faculty and students from all over the world, and its influence travelled as these people later founded design offices and schools in major
countries. Almost every major design school in the United States today still uses the basic foundation design course developed by the
Bauhaus. It made sense in 1919 to let a German nineteen-year-old experiment with drill press and circular saw, welding gun and lathe, so that
he might 'experience the interaction between tool and material'. Today the same method is an anachronism, for an American teenager has
spent his entire life in a machine- dominated society (and cumulatively probably a great deal of time lying under various automobiles,
souping them up). For a student whose American design school still slavishly imitates teaching patterns developed by the Bauhaus, computer
sciences and electronics and plastics technology and cybernetics and bionics simply do not exist. The courses which the Bauhaus developed
were excellent for their time and place (telesis), but American schools following this pattern in the seventies are perpetuating design
infantilism.
The Bauhaus was in a sense a non-adaptive mutation in design, for the genes contributing to its convergence characteristics were badly
chosen. In bold-face type, it announced its manifesto: 'Architects, sculptors, painters, we must all turn to the crafts . . . Let us create a new
guild of craftsmen? The heavy emphasis on interaction between crafts, art, and design turned out to be a blind alley. The inherent nihilism of
the pictorial arts of the post- World War I period had little to contribute that would be useful to the average, or even to the discriminating,
consumer. The paintings of Kandinsky, Klee, Feininger, et al., on the other hand had no connection whatsoever with the anaemic elegance
that some designers imposed on products.
In America, industrial design, like marathon dances, six-day bicycle races, the NRA and the Blue Eagle, and free dishes at the movies, was a
child of the Depression. At first glance the swollen belly of a child suffering from malnutrition gives it the appearance of being well fed; later
you notice the emaciated arms and legs. The products of early American industrial design convey the same sleek obesity and have the same
weaknesses. For the Depression market, the manufacturer needed a new sales gimmick, and the industrial designer reshaped his products for
better appearance and Tower manufacturing and sales costs. Harold Van Doren's definition of that time in Industrial Design was apt:
Industrial Design is the practice of analysing, creating, and developing products for mass-manufacture. Its goal is to achieve forms which are
assured of acceptance before extensive capital investment has been made, and which can be manufactured at a price permitting wide

distribution and reasonable profits.
Harold Van Doren, Norman Bel Geddes, Raymond Loewy, Russel Wright, Henry Dreyfuss, Donald Deskey, and Walter Dorwin Teague were
the pioneering practitioners of design in America. It is significant that all of them came from the field of stage design and/or window display.
While the architects sold apples on street corners, the ex- stage-designers and ex-window-dressers were creating 'lemons' in lush suites
upstairs.
Raymond Loewy's redesign of the Gestetner duplicating machine is probably the first and most famous case of industrial design development.
But as Don Wallance was to remark three decades later in Shaping America s Products:
The ‘ before and after' pictures showing mimeographs, locomotives, refrigerators, furniture and numerous other things transformed by
industrial design were most impressive. Even more impressive were the differences in before and after sales figures. Oddly enough, when we
look at these things now after a passage of more than twenty-five years, it is no longer so clear whether the 'before' or the 'after' version has
best stood the test of time.
This sort of design for the manipulated visual excitement of the moment continued unabated until the beginning of World War II.
The automobile and other consumer industries had to turn their production facilities over to the creation of war supplies, and wartime
demands forced a new (though temporary) sense of responsibility on industrial designers. 'Ease-o-matic gear shifts' and 'auto-magic shell
feeding mechanisms' were out of place in a Sherman tank. Design staffs encountered real requirements of performance in the function
complex, imposed by combat conditions. The necessity for honest design (design-in-use versus design-in-sales) imposed a healthier discipline
than that of the market place. Critical material shortages forced these designers who remained in the consumer field to a much keener
realization of performance, materials, and other war-imposed limitations. A three-quart casserole, made of plasticized cardboard able to
sustain temperatures of 475° for several hours, washable and infinitely reusable, retailing for 45c is an excellent example and seems curiously
to have disappeared from the market at the end of 1945.
Shortly after the end of the war the New York Times carried the first full-page ad for Gimbel's sale of the Reynolds ball-point pen at only $25
each. By Monday morning, Herald Square was so clogged with people waiting for Gimbel's to open that extra police had to be brought in to
control the crowds. Places in the ball-point pen queue could be sold for $5 to $10, and until Gimbel’s slapped a one-pen-to-a-customer order
on the sale Wednesday, pens could be readily sold for $50 to $60 each.
This zany state of affairs lasted for some five weeks: each day Hudson Lodestar monoplanes landed at LaGuardia with thousands of pens in
their bellies. Even a three-day truckers' strike couldn't affect the sale, as the union promised to 'deliver milk, critical food and Reynolds pens'.
With a Reynolds pen you could 'write under water' but practically nowhere else. They skipped, they blotted, they leaked in your pockets, and
there were no replacement cartridges because the pens were one-shot affairs. You threw them away as soon as they ran dry, if not sooner. Still
they sold. For the pen was a do-it-yourself Buck Rogers kit; you bought a pen and you were 'post-war'; just as every 'ruptured duck' dully

gleaming in the lapel of a service man's first civilian suit marked the end of one era, the Reynolds pen leaking in his breast pocket marked the
beginning of a new. There were other consumer goods available, but this was the only totally new pro- duct on the market.
The technology of the year 2000 had come to roost in 1945. Each man's miraculously lightweight Reynolds pen gleaming in aluminium was
also his personal reassurance that 'our side' had won the war.
(Now it can be told: ‘our' pen was copied from German ball- points found by Reynolds in a South American bar in 1943.) Industry pandered
to the public's ready acceptance of any- thing new, anything different. The miscegenative union between technology and artificially
accelerated consumer whims gave birth to the dark twins of styling and obsolescence. There are three types of obsolescence: technological (a
better or more elegant way of doing things is discovered), material (the product wears out), and artificial (the death-rating of a product; either
the materials are substandard and will wear out in a predictable time span, or else significant parts are not replaceable or repairable). Since
World War II our major commitment has been to stylistic and artificial obsolescence. (Ironically enough, the accelerated pace of
technological innovation frequently makes a product obsolete before artificial or stylistic obsolescence can be tacked on to it.)
In the seventies the social environment within which design operates has undergone still another change, since society itself has become more
polarised. Within the United States the 'poor are getting poorer' and the fat cats are getting incredibly fatter. On one hand, the middle class
attempts to express itself more and more through possession of 'campy' little gadgets and to find both identity and value through owning
products. On the other hand, abject poverty (previously, decorously and piously hidden away like a demented maiden aunt in a nineteenthcentury New England attic) has emerged as a major reality of life. There are children starving to death in parts of Mississippi and South
Carolina. There are vast population sinks in the large city ghettos, the inhabitants of which share absolutely none of the motivations and
aspirations of the middle class. And by no means are all of these people of Negro, Puerto Rican, or Mexican de- scent. Embittered 'senior
citizens' from our rural areas, foiled in their attempts to 'retire gracefully on $150 a month at age 65', haunt the sleazy resorts of Florida,
southern Texas and southern California, dreaming a paranoid dream of fascist restoration to the 'good old days'.
On a global scale the disparities between the haves and have-nots have become even more terrifyingly vast. Since 1960 this chasm has
widened, with the declining birth rate in both the North American and the Western European technate and the fantastic population explosion
in the rest of the world.
By adding UNESCO statistics to an extrapolation of the figures prepared by Buckminster Fuller for his Inventory of World Resources ... we
find that finally the correlation between the 'primary useful product life' and the actual length of use also works to the disadvantage of the
have-not parts of the world, as the following brief table will show:
Useful product Actual time used Actual time use
(life in years) (in the USA) (used in underdev countries)

Bicycles 25 2 75

Washing M/c + Irons 5 5 25
Band powered tools 10 3 25
Automobiles 11 2.2 40+
Construction Equipment 14 8 100+
General Purpose Industrial
Equipment 20 12 75+
Agricultural Machinery 17 15 2500+
Railroad Equipment 30 30 50
Ships 30 15 80+
Miniaturised Hi-Fi,
Photographic and
Film Equipment 35 1.1 50
Much of the above may lie squarely in the areas of sociology and economics, but, as previously pointed out, industrial design attempts a
horizontal synthesis that cuts across narrow disciplines and narrow minds. Even though in nearly all other disciplines there is a greater
emphasis on vertical specialisation, the above is of legitimate concern to the designer (or should be).
In Never Leave Well Enough Alone, Raymond Loewy amusingly reminisces about the early years of his crusade, a crusade to get clients. In
the late twenties and thirties he, together with other designers, kept knocking on corporate doors, such as those of General Motors, General
Electric, General Rubber, General Steel, General Dynamics. In all fairness it must be admitted that he and his co-workers served their
corporate masters well and, in fact, still do. But it is dismaying to find that all too many of to- day's graduating design students eagerly join
corporate design staffs, safely wrapped in the cocoon of corporate expense ac- counts, company-paid country club membership, deferred
annuities, retirement benefits, dread-disease coverage, and a yearly revitalising visit to one of the stamping grounds of the corporation
gauleiters in New England or Aspen, Colorado. By now it is abundantly clear that a new crusade is needed. Vast areas of need, and
concomitantly, need for design, exist all over the world. It is up to the designer (like Raymond Loewy, but in a socially and morally more
acceptable way) to knock on doors that have never opened before.
The choice is not between corporate charcoal grey, buttoned- down security, on one hand, and a giggling freak-out, high on LSD in a Haight-

Ashbury gutter, on the other. There is a third way. The Office of Economic Opportunity, the Southern Appalachian Project, the International
Labour Organization in Geneva, Switzerland, UNESCO, UNICEF, as well as many other organizations (of various political colours) in
hundreds of areas concerned with optimal human survival needs: these are just a few directions in which designers should and must move.

THE MYTH OF THE NOBLE SLOB:
Design, 'Art', and the Crafts
Good taste is the most obvious resource of the insecure.
People of good taste eagerly buy the Emperor's old clothes.
Good taste is the first refuge of the non-creative.
It is the last-ditch stand of the artist.
Good taste is the anaesthetic of the public.
HARLEY PARKER
The cancerous growth of the creative individual expressing himself egocentrically at the expense of spectator and/or consumer has spread
from the arts, overrun most of the crafts, and finally reached even into design. No longer does the artist, craftsman, or in some cases the
designer, operate with the good of the consumer in mind; rather, many creative statements have become highly individualistic, autotherapeutic little comments by the artist to himself. As early as the mid-twenties there appeared on the market chairs, tables, and stools
designed in Holland by Wijdveldt, as a result of the De Stijl movement in painting. These square abstractions painted in shrill primaries were
almost impossible to sit in; they were extremely uncomfortable. Sharp corners ripped clothing, and the entire zany construction bore no
relation to the human body. Today we can allow ourselves to sneer at these attempts to transfer the two-dimensional paintings of Piet
Mondrian and Theo van Doesburg into 'home furnishing'. The chairs lasted as sophisticated status symbols for only a few years, but the trend,
the attempt to translate fashionable daubs into three-dimensional objects for daily use, still continues. Salvador Dali's sofa constructed in the
shape of Mae West's lips may have been a 'disengaged' surrealist act, much like Meret Oppenheim's fur-lined cup and saucer, but the oppypoppy pillows of today sell by the thousands. While it is not a bad idea to have a pillow that sells for $1.50, a pillow that can be folded and
stored in one's watch pocket and blown up for use, these small plastic horrors perform none of their functions. They yield but slightly and,
being made of transparent plastic with silk- screened polka dots, don't 'breathe' - hence the user sweats profusely. In pictures in shelter

magazines (such as House Beautiful and House and Garden), these pillows are usually shown in clusters, but when several are placed together
they have an un- fortunate tendency to squeak against one another like suckling pigs put to the knife. A clutch of these pillows, tastefully 'unarranged' on a day bed, looks pleasant. Their use indicates that, as in so many other areas, we have sacrificed all our other needs for a purely
visual statement. As the pillows are also bought in a purely visual setting, dissatisfaction does not set in until one attempts to use them. And
imagine the dismay of having some romantic interlude punctured by a sudden pillow blow-out.
With new processes and an endless list of new materials at his disposal, the artist, craftsman, and designer now suffers from the tyranny of
absolute choice. When everything becomes possible, when all the limitations are gone, design and art can easily become a never-ending
search for novelty, until newness-for-the- sake-of-newness becomes the only measure. It is at this point that many different versions of
novelty begin to create many different esoteric consumer cliques, and the designer with his wares may become more and more alienated from
his society and from the functional complex.
In his novel Magister Ludi, Hermann Hesse writes about a community of intellectual elites who have perfected a mystical, symbolic
language, called the 'Bead Game', that has reduced all knowledge to a sort of unified field theory. The world outside the community is
convulsed by riots, wars, and revolutions, but the players of the Bead Game have lost all contact. They are engaged in exchanging their
esoterica with one another in the game. There is a disturbing parallel between Hesse's game and the aspirations of the contemporary artist
when he speaks of his goals in the exercise of his private visions. He discourses on space, the transcendence of space, the multiplication of
space, the division and negation of space. It is a space devoid of man, as though mankind did not exist. It is, in fact, a version of the Bead
Game.
Concerning the artist Ad Reinhardt, Time says:
Among the new acquisitions currently on display at Manhattan's Museum of Modern Art is a large square canvas called 'Abstract Painting’
that seems at first glance to be entirely black. Closer inspection shows that it is subtly divided into seven lesser areas. In a helpful gallery note
at one side, Abstractionist Ad Reinhardt explains his painting. It is: * A square (neutral, shapeless) canvas, five feet wide, five feet high, as
high as a man, as wide as a man's outstretched arms (not large, not small, sizeless), trisected (no composition), one horizontal form negating
one vertical [sic] form (formless, no top, no bottom, directionless), three (more or less) dark (lightless), non-contrasting, (colourless) colours,
brushwork brushed out to remove brushwork, a mat, flat freehand painted surface (glossless, textureless, non-linear, no hard edge, no soft
edge) which does not reflect its surroundings-a pure abstract, non-objective, timeless, spaceless, changeless, relationless, disinterested
painting - an object that is self-conscious (not unconsciousness), ideal, transcendent, aware of nothing but art (absolutely no anti-art).'
This from one of America's 'most eloquent artists'.
The tomes by learned art historians make a great to-do over the influence of the camera and photography on the plastic arts. And it is certainly
true that by placing an apparatus in everyone's hand that made 'copying nature' possible for everyone with enough wit to push a button, one of
the main objectives of painting - to produce a high-fidelity reproduction - seemed partially fulfilled. It is usually overlooked that even a
photograph is a first- order abstraction. Thus in the Galician and Polish backwater sections of the old Austro-Hungarian Empire, village

pharmacists did a brisk trade in male model photographs at the beginning of World War I. Each of these wily shopkeepers would stock four
stacks of small identical photographs of a cabinet view of male models, 5! X 4 inches in size. One picture showed the face of a clean-shaven
man. The second, that of a man with a moustache. The third picture showed a man with a full beard, while, in the fourth, the model's hirsute
elegance encompassed both beard and moustache. A young man called up for military service bought the one of the four photographs that
most nearly matched his own face and presented it to his wife or sweetheart to re- member him by. And it worked! It worked because the
picture of even a stranger with the right kind of moustache was closer to the face of the departed husband than anything his wife had ever seen
before except for his face itself. (Only by glancing at several, or many, photographs could she have gained the sophistication to be able to
differentiate among these various first-order abstractions.) But the role of photography and its influence on art is by now fairly well
documented and established.
However, hardly anyone has considered the important impact made by the machine tool and machine perfection. The tolerances demanded of
the case for a Zippo cigarette lighter and achieved by automatic handling machinery are far more exact than anything Benvenuto Cellini,
possibly the greatest metal- smith of the Renaissance, could have achieved. With modern space hardware technology, plus-minus tolerances
of i/10,000 of an inch are a routine production achievement. This is not to make a value judgement of Cellini versus an automated turret lathe;
it is merely to show that ‘mere perfection' can be routinely had on assembly lines and in factories, thus depriving the plastic arts of a second
goal, the 'search for perfection'. Like it or not, the con- temporary artist lives in contemporary society. Man lives today as much in the
environment of the machine as the machine lives in the environment of man. It may be belabouring the obvious to say that there are more
man-made objects in the landscape than landscape itself. Unable personally to cope with this change in the environment, the modern artist has
created a series of escape mechanisms for himself.
Ineluctably, the artist lives in a technological world. Even an academic landscape painter living in, say, Cornwall, is bound to see more
automobiles than cows on any given day. Some artists, then, see the machine as a threat, some as a way of life, some as salvation. All of them
have to find a way to live with it. Seemingly, one simple way to get rid of a threat is to poke fun at it. While, from its earliest days at the
Cabaret Voltaire in 1916, the Dadaist movement attempted to show the general absurdity of twentieth-century man and his world, there was
always a heavy dose of satirization of the machine involved. From Marcel Duchamp's 'ready-mades' ('Why not sneeze', 'Fountain', etc.) to
many of Max Ernst's 'collages', to the satirical conglomerations of mass-produced items in Kurt Schwitters's 'Merzbau', the attempt has been
to make fun of the machine through ridicule, satire, or burlesque. A contemporary manifestation is Jean Tinguely's 'machines'. These vast
constructs of cogs, screws, umbrella guts, pinwheels, light bulbs, and deflowered sewing machines shake, jiggle, and quake, sometimes
exploding or (disappointingly) just smouldering a little. In 1960 one of these 'sculptures', composed of myriad pieces of old machines, was
erected in the garden of the Museum of Modern Art in New York and, with the setting sun, began to grind into motion. To the delectation of
an overflow audience, parts of the sculpture frenziedly came into action, catching fire and burning until they collapsed into puddles of
kerosene and rust, a proceeding that was viewed with some dismay by the New York City fire companies that were called by frightened
neighbours.
Over-compensation can be fun, too. Piet Mondrian, finding himself surrounded by machine-made precision in the middle twenties in Holland,
decided to turn himself into a machine. His square white canvases divided by narrow black bands with only two or three primary-coloured
squares or rectangles dynamically balanced could well be the result of machine production. In fact, a computer in Basel, Switzerland, is at

present creating Mondrian-like pictures. This may raise the question of creativity; the computer versus Mondrian. Leaving aside the fact that
the computer had to be programmed, it shows just what aspect of Mondrian's work was really creative. Shortly after his death, I saw a
Mondrian retrospective showing in New York which included some of his unfinished canvases. The black pigment lines were represented by
lengths of black tape; on the white background one could still discern the traces of the tape having been moved back and forth. Obviously,
Mondrian tried various positions. Having known him during his illness, I know that he would have preferred to sit calmly back in his chair
and have two servants move the lines and colour areas back and forth until he considered them to be in perfect balance. Had he lived to see
graphic readout computers, he would have found them a delightful new toy. From the traces of tape on his white unfinished canvases we can
see that Mondrian himself followed computer-like behaviour patterns and that what creativity he brought to the process of painting was
entirely in the area of aesthetic decision-making. Piet Mondrian's work has found a ready but debased acceptance in the facade design of
contemporary buildings, Kleenex pack- ages, and typographical layout.
A third way of dealing with the machine is to avoid it altogether. The Surrealist movement, inheritors of the irrational side of Dadaism,
attempted to plumb that region, half cesspool and half garden, known as the unconscious, or id. By basing their highly realistic canvases on
subconscious symbols, they hoped to turn themselves into latter-day medicine men, witch doctors, shamans of the pigment. The trouble with
this concept is that id-motivated emotions differ from person to person. Salvador Dali may experience a world of voluptuous sexuality from
his painting of a burning giraffe (and in fact considers it his most potent painterly sexual stimulus), but it does not communicate sexuality to
any of his spectators. Dorothea Tanning's jack- booted naked ten-year-old girl wearing a Gay Nineties sailor hat and sensuously embracing
the red-hot pipe of a stove also fails to elicit an appropriate response. There has been a lot of loose talk about the 'left hand being the dreamer',
Jungian archetypes, intuitional and poetic feeling tones, metaphysics, mysticism, etc. But all the totemistic and fetishistic emblems of the
Surrealists failed to come across. A reference point was missing. The Comte de Lautreamont described surrealism as being like 'the chance
encounter of a sewing machine and an umbrella upon a dissecting table', but thousands of those surreal chance encounters have taken place
since then - and some are now one with the hot dust of Spain, of Europe, of Vietnam - and the concept is no longer bizarre.
The human preoccupation of liking to play with dolls' houses has been used cleverly by Joseph Cornell. His little boxes with strange and
esoteric objects cunningly arranged therein are manageable small universes, perfect within themselves, into which no hint of masscult or
midcult can enter.
Seeking refuge from the threatening surround by catering to a small coterie (as in the Bead Game) was carried to its highest level by Yves
Klein. Some of his methods are described in the book Collage. When not busy glueing 426,000 sponges to the wall of a resort hotel, Mr Klein
was fond of painting watercolours and then placing them in his backyard during heavy rains in order to 'obtain a dynamic interchange
between nature and man-made images'. He used the same rationale for doing oil paintings in a slow-drying vehicle and then strapping them to
the roof of his Citroen and driving briskly around 'to make the colours clarify'. The height of his career was reached when the Galerie Iris
Clert held his first non-painting show in 1958. The gallery had been painted festively in white, the only objects in view were simple white
frames hanging on the walls with descriptions of prices attached, such as: 'Non-painting, 30 cm. x 73 cm., Fr. 80,000'. The show was a sellout. Hundreds of Parisians and American visitors solemnly paid for and carried empty white frames to their cars, and, one supposes, then
hung them triumphantly in their living rooms. It would be instructive to find out if Mr Klein would have accepted non-cheques.

Although Andy Warhol, Roy Lichtenstein, and Robert Rauschenberg have surrounded their productions with much rationale, their attempts to
reduce the unusual to the common- place and raise the commonplace to the stature of the unusual, are losing propositions. Marilyn Monroe's
face identically stencilled fifty times merely attempts to say that Miss Monroe was one of a herd, and interchangeably so, a charge that can be
levelled at most Hollywood sex symbols but certainly not at Miss Monroe. The reduction of human emotions to the level of a comic strip
episode is an attempt to shield oneself from involvement through banality. And Marcel Duchamp said in a recent periodical: 'If a man takes
fifty Campbell Soup cans and puts them on a canvas, it is not the retinal image which concerns us. What interests us is the kind of mind that
wants to put fifty Campbell Soup cans on a canvas.'
Art as self-gratification can, of course, also act as an outlet for aggression and hostility. Niki de Saint-Phalle fires rounds of ammunition into
her white plaster constructions from a gun, releasing little bags of paint that spurt out and dribble all over her pieces. When not engaged with
plaster of Paris and her fowling-piece, Miss de Saint-Phalle got together with two 'collaborators' and constructed a gigantic reclining nude in
Stockholm which spectators enter through the vagina to view the interior constructions, a merry-go-round for the kiddies and a cocktail bar
within her generously proportioned mammary glands.
Earlier we spoke about the artist suffering from the tyranny of absolute choice. But if he doesn't care to poke fun at the machine, become a
machine, turn himself into a bogus witch doctor, construct tiny boxed universes, elevate the commonplace to a symbol of banality, or let out
his aggressions on a middle class no longer capable of being shocked, the area of choice is narrowed abruptly. One thing remains: accidents.
For a well-programmed computer makes no mistakes. A well-designed machine is free of error. What, then, is more logical than to glorify the
mistakes and to venerate the accidents. Jean (Hans) Arp, one of the co-founders of the Dada movement in Zurich during World War I, tried it
first: 'Forms Arranged According to the Laws of Chance'.
Mr Arp tore up one of his gouache paintings (without looking) then climbed up on top of a step-ladder and let the pieces drop. Carefully, he
glued them down where they had fallen. A few decades later, another Swiss, named Spoerri, will invite his girl friend for breakfast, then glue
all the dishes, soiled paper napkins, bacon rinds, and cereal dregs down on the table, entitle the result 'Breakfast with Marie', and hang it, table
and all, in a museum. It was probably unavoidable that after Jackson Pollock's dribble- and-blob paintings of the forties and early fifties, the
Abstract Expressionist painters would whoop it up for mistake, accident, and the unplanned. One member of this group paints by strapping
his brushes to his left forearm since, he says, he 'can't breed the ability even out of his left hand'. With other painters rolling naked models
across their canvases, or riding across their wet paintings on motorcycles, scooters, bicycles, roller-skates, or trampling across them on snowshoes, the 'desire for novelty' is getting full play.
Most of what has been said before regarding the artist's relation to a machine culture still holds true with the most recent movements. To this
can be added that, with a continuing search for things that will be perceived as 'different', avant-garde, or 'far out' by his clients or spectators,
the contemporary artist has tended to become more 'trendy' in his work.
Increasingly, many of us (especially the young) have come to reject material possessions, objects, products per se. That this emotion is
engendered largely by the fact that we live in a post- industrial society bursting with gadgets, knick-knacks, and manufactured trivia is
abundantly clear. So now we have 'Conceptual Art'. A recent production by a leading West Coast painter consisted of some fifteen pages of

yellow paper. On each page he described with meticulous detail the sizes, colours, textures, and compositions that would have constituted
nearly 400 paintings, provided he had painted them. Added to this were descriptions of the working conditions under which these canvases
would have been painted, had they been painted at all. After reading these descriptive passages, he then burned the papers.
George McKinnon, an exhibition-oriented photographer from the West Coast, re-photographs pictures appearing in old magazines and entitles
these 'retrospective pieces'.
When museum patrons are invited to a formal opening and are advised not to come to the museum but to go instead to the Sixty- third Street
subway station and peer into the mirror of a gum- vending machine on the second level; while their friends at exactly the same time are
advised to take the Staten Island Ferry and spend the entire trip in the toilet reading Silence, by John Cage; and still another party is told to
rent a room at the Americana Hotel and spend the time shaving; and all these many activities, indulged in by all these many people
simultaneously, constitute both the opening of the art show, as well as the art show itself; we are in the presence of folks trying to play
random games. And randomness, as has been stated earlier, is the one game the machine won't play, and, therefore, this too is a reaction
against the machine.
Ever since the environment became an 'in' thing, we have had Earthworks as another artistic trend. Now Earthworks can be many things: A
30-foot trench dug in the Mojave Desert, one leaf torn off every third oak tree in Tallahassee, Florida; or for that matter, snow lying on a
meadow in Colorado, to which nothing has been done whatever.
I don't wish to make any judgements about others finding meaningful creative and artistic engagement by pissing into a snow bank, but surely
the good people working in the arts can find more authentic ways of surprising us, delighting us, or reflecting their views. (Incidentally, all of
this and what the future will bring in the arts was listed, described, and explained in a book written in 1948 in England by C. E. M. Joad. Its
incredibly appropriate title is Decadence.)
What is the relevance of all 'art games' of this sort to life ? Without question, our time needs paintings, music, sculpture, and poetry. Seldom
in fact have both delight and catharsis been needed more. An alternative view might hold that the artists of China, Cuba, and North Vietnam
have helped their people's struggle towards liberation through developing new modes of expression that are firmly based on underlying folk
art motifs and peasant culture.
Of course, even the self-indulgent salon drivel of New York and San Francisco and Los Angeles can be justified in terms of the people who
are doing it. But a recent encounter in New York can at least point to an alternative view: when a number of 'painters' smashed two dozen
violins and bass fiddles to glue the fragments on to a wall and create a mural, some probing questions were asked about the young Puerto
Ricans and Blacks in the neighbourhood who might wish to study music but who could never afford to buy instruments . ..
And where are there permanent design collections? Besides the Museum of Modern Art in New York, there are vestigial collections in
Minneapolis, San Francisco, Boston, and Buffalo, N.Y. The rest of the country may sometimes see a travelling 'good design' exhibition, but
their exposure to well-designed objects ends with that.

And for that matter, even the most prestigious exhibitions of 'good design' can be disappointments. In New York the Museum of Modern Art
recently held an exhibition of 'well-designed' objects that elevated the ugly, in fact the consciously ugly, to a new level. Thus we could see a
small, high-intensity lamp that has been designed to look precarious and unstable no matter at what angle it is put down. An unruly gush of
plastic, coloured precisely the shade of frozen diarrhoea, doubles as an easy chair. In short, in a society in which the 'machine perfect' or even
the 'fashionably pleasing' can be obtained with a minimum of effort, grossness and the ugly have become imbued with value to the untrained
and under-equipped spectator or consumer. Other such exhibitions of objects are discussed in Chapter Six.
If design is a problem-solving activity, this kow-towing to the lowest common denominator has no reason for existence. It is only when the
designer abrogates his responsibilities to himself and others and operates as a pimp for the sales department that he finds this creation of
warmed-over 'soul food' palatable at all.
Much has been said about the decadence of Rome when the barbarians were outside the gate. There are no barbarians outside ours: we have
become our own barbarians, and barbarism has become a do-it-yourself kit.

DO-IT-YOURSELF MURDER:
The Social and Moral Responsibilities of the Designer
The truth is that engineers are not asked to design for safety.
Further inaction mil be criminal - for it will be with full knowledge that our
action can make a difference, that auto deaths can be cut down, that the slaughter
on our highways is needless waste . . . it is time to act.
ROBERT F. KENNEDY
One of my first jobs after leaving school was to design a table radio. This was shroud design: the design of the external covering of the
mechanical and electrical guts. It was my first, and I hope my last, encounter with appearance design, styling, or design 'cosmetics'. The radio
was to be one of the first small and inexpensive table radios to compete on the post-war market. Still attending school part-time, I naturally

felt insecure and frightened by the enormity of the job, especially since my radio was to be the only object manufactured by a new
corporation. One evening Mr G., my client, took me out on the balcony of his apartment overlooking Central Park.
He asked me if I realised the kind of responsibility I had in designing a radio for him.
With the glib ease of the chronically insecure, I launched into a spirited discussion of 'beauty' at the market level and 'consumer satisfaction'. I
was interrupted. 'Yes, of course, there is all that,' he conceded, 'but your responsibility goes far deeper than that.' With this he began a lengthy
and cliché-ridden discussion of his own (and by extension his designer's) responsibility to his stockholders and especially his workers.
Just think what making your radio entails in terms of our workers. In order to get it produced, we're building a plant in Long Island City.
We're hiring about 600 new men. Workers from many states, Georgia, Kentucky, Alabama, Indiana, are going to be uprooted. They'll sell
their homes and buy new ones here. They'll form a whole new community of their own. Their kids will be jerked out of school and go to
different schools. In their new subdivision supermarkets, drugstores, and service stations will open up, just to fill their needs. And now, just
sup- pose the radio doesn't sell. In a year we'll have to lay them all off. They'll be stuck for their monthly payments on homes and cars. Stores
and service stations w ill go bankrupt when the money stops rolling in; homes will go into sacrifice sales. Their kids, unless daddy finds a
new job, will have to change schools. There will be a lot of heartaches all around, and that's not even thinking of my stockholders. And all
this because you have made a design mistake. That's where your responsibility really lies, and I bet that they never taught you this at school!
I was very young and, frankly, impressed. Within the closed system of Mr G.'s narrow market dialectics, it all made sense. Looking back at
the scene from a vantage-point of a good number of years, I must agree that the designer bears a responsibility for the way the products he
designs are received at the market-place. But this is still a narrow and parochial view. The designer's responsibility must go far beyond these
considerations. His social and moral judgement must be brought into play long before he begins to design, since he has to make a judgement,
an a priori judgement at that, as to whether the products he is asked to design or redesign merit his attention at all. In other words, will his
design be on the side of the social good or not.
Food, shelter, and clothing: that is the way we have always described mankind's basic needs; with increasing sophistication we have added:
tools and machines. But man has more basic needs than food, shelter, and clothing. We have taken clean air and pure water for granted for the
first ten million years or so, but now this picture has changed drastically. While the reasons for our poisoned air and polluted streams and
lakes are fairly complex, it must be admitted that the industrial designer and industry in general are certainly co-responsible with others for
this appalling state of affairs.
In the mid-thirties the American image abroad was frequently created by the movies. The make-believe, fairyland, Cinderella- world of 'Andy
Hardy Goes To College' and 'Scarface' communicated something which moved our foreign viewers more, directly and subliminally, than
either plot or stars. It was the communication of an idealised environment, an environment upholstered and fitted out with all the latest
gadgets available.
Today we export the products and gadgets themselves. And with the increasing cultural and technological Coca-colonisation of that part of

the world we are pleased to think of as 'free', we are also in the business of exporting environments and 'life-styles' of the prevalent white,
middle-class, middle-income society abroad and into ghettos, poverty pockets, Indian reservations, etc., at home.
The designer-planner is responsible for nearly all of our products and tools and nearly all of our environmental mistakes. He is responsible
either through bad design or by default: by having thrown away his responsible creative abilities, by 'not getting involved', or by 'muddling
through'.
Three diagrams will explain the lack of social engagement in design. If we equate the triangle with a design problem, we readily see that
industry and its designers are concerned only with the tiny top portion, without addressing them- selves to the real needs.
Let's take a rural mailbox for example. As it is now, it is usu-&#0;ally large enough to hold letters and several magazines for a number of
days. The structure is sheet metal and vaguely bread box-shaped so that snow, ice, and rain will easily slide off. It also carries a small signal
flag to be raised when the mail is delivered. It is inexpensive and sturdy.
Quite recently a West Coast design office redesigned rural mailboxes for a national manufacturer. The result: a series of French Provincial,
Japanese, colonial, or spaceship-inspired extravaganzas which are costly and which clutter up the visual landscape. They are 'high-style'
enough to be forced into obsolescence every few years and, incidentally, snow no longer slides off them. They will probably sell well in
suburbia and exurbia and will take on some of the symbolic values of new status objects. The manufacturers are to be congratulated: many
more mail- boxes will be sold and, more importantly, many more can be pushed upon the public every few years as even fashion in mailboxes is manipulated.
What is the designer's evaluation? There is little wrong with the rural mailbox as it stands, apart from its cluttering the landscape. But if
redesign is called for, then the real problems of rural mail delivery, in other words the huge bottom area of our diagrammatic triangle, must be
re-examined. To what extent can mailboxes be made to recede (or even disappear) into the landscape ? Can new materials, tools, and
processes reduce costs and, more importantly, reduce material waste ? Can these containers be made tamper-proof and vandal-proof? With
heavier mail does the old size still hold true ? Can redesign help delivery ? (With the incredibly antiquated mail delivery system in the United
States there is little doubt that electronic data-scanning procedures will result in a more nearly normal delivery schedule: until quite recently
in England, for instance, city mail was delivered eight times daily, rural mail four times.) Should the consumer in fact be required to buy
mailboxes at all or should a minimal Federal standard be written which eases delivery procedures and guards privacy ? Should local
newspapers be permitted to add their own tubular Mailboxes', using them as shrill billboards which further befoul the edge of the road ?
These are only a few of the questions which a committed designer would ask himself; at last, most of the triangle (top and bottom) would be
explored.
Only the labels have changed. For 'Design Problem' we have substituted 'Country'. In a way, the justice of this becomes immediately apparent
when talking about some far-off, exotic place. If we let the entire triangle stand for nearly any South or Central American nation we can see
its telesic aptness. Nearly all of these countries exist with wealth concentrated in the hands of a small group of 'absentee landlords'. Many of
these people have never seen the South American country which they so efficiently 'administer' and exploit. Design is a luxury enjoyed by a

small clique who form the technological, moneyed, and cultural 'elite' of each nation. The 90 per cent native Indian population which
multicolour floral print pattern on black Handsomely crafted of fine mahogany beautifully hand polished Looks well in room So, give your
feet a treat makes an unusual and thoughtful gift, too' Satisfaction guaranteed Only $16.95 plus 50c for delivery
This idiot gadget is made and successfully sold in one part of the world...
lives 'up-country' has neither tools nor beds nor shelter nor schools nor hospitals that have ever been within breathing distance of designer's
board or workbench. It is this huge population of the needy and the dispossessed who are represented by the bottom area of our triangle. If I
suggest that this holds equally true of most of Africa, South-east Asia, and the Middle East, there will be little disagreement.
Unfortunately, this diagram applies just as easily to our own country. The rural poor, the black and white citizens of our inner cities, the
educational tools we use in over 90 per cent of our school systems, our hospitals, doctors' offices, diagnostic devices, farm tools, etc., suffer
design neglect. New designs may sporadically occur in these areas, but usually only as a result of market pressures, rather than as a result of
either research break- through or a genuine response to a real need. Here at home we too must assign those served by the designer to the
minuscule upper part of the triangle.
As the reader will have discovered by now, the third diagram is identical to the first and the second. But again we have changed labels. For
now we call it The World'. Can there be substantial doubt that the peoples of this world are not served by designers ?
Where has our spirit of innovation gone? This is not an attempt to 'take all the fun out of life'. After all, it is only right and proper that 'toys for
adults' should be available to those willing to pay for them, and after all, as has been pointed out all too often, we live in an abundant society.
But only a small part of our responsibility lies in the area of aesthetics. Sometimes one is tempted to ask why not one American table radio,
for example, is well designed, whereas Sony, Hitachi, Panasonic, and Aiwa carry lines of some eighty-four specialised table radios, each one
designed for a specific use area. (This record could easily be duplicated with tape-recorders, TV sets, or, say, cameras.) After all, many book
publishers, while pushing incredible trash on to best-seller lists, manage to bring out a few worthwhile volumes each year.
I am not necessarily pleading for extraordinary, innovative design for radios, alarm clocks, high-intensity lamps, refrigerators, or whatever; I
am just hoping for product statements aesthetically acceptable enough not to conjure up visions of a breadbox raped by a Cadillac in heat.
Isn't it too bad that so little design, so few products are really relevant to the needs of mankind ? Watching the children of Biafra dying in
living colour while sipping a frost-beaded Martini can be kicks for lots of people, but only until their town starts burning down. To an
engaged designer, this way of life, this lack of design, is not acceptable.
All too often designers who try to operate within the entire triangle (problem country or world) find themselves accused of 'designing for the
minority'. Apart from being foolish, this charge is completely false and reflects the misconception and misperception under which the design
field operates. The nature of this faulty perception must be examined and cleared up.
Let us suppose that an industrial designer or an entire design office were to 'specialise' exclusively within the areas of human needs outlined

in this and other chapters. What would the work load consist of? There would be the design of teaching aids: teaching aids to be used in prenursery-school settings, nursery schools, kindergartens, primary and secondary schools, junior colleges, colleges and universities, graduate
and post-doctoral research and study. There would be teaching aids and devices for such specialised fields as adult education, the teaching of
both knowledge and skills to the retarded, the disadvantaged, and the handicapped; as well as special language studies, vocational reeducation, the rehabilitation of prisoners, and mental defectives. Add to this the education in totally new skills for people about to undergo
radical transformation in their habitats: from slum, ghetto, or rural poverty pocket to the city; from the milieu of, say, a central Australian
aborigine to life in a technocratic society; from Earth to space or Mars; from the tranquillity of the English countryside to life in the Mindanao
Deep or the Arctic. The design work done by our mythical office would include the design, invention, and development of medical diagnostic
devices, hospital equipment, dental equipment, surgical tools and devices, equipment and furnishings for mental hospitals, obstetrician's
equipment, diagnostic and training devices for ophthalmologists, etc. The range of things would go all the way from a better readout of a
fever thermometer at home to such exotic devices as heart-lung machines, heart pacers, artificial organs, and cyborgian implants, and back
again to humble visor- like eyeglasses, reading mechanisms for the blind, improved stethoscopes and urinalysis devices, hearing aids and
improved calendrical dispensers for 'the pill', etc.
The office would concern itself with safety devices for home, industry, transportation, and many other areas; and with pollution, both
chemical and thermal, of rivers, streams, lakes, and oceans as well as air. The nearly 75 per cent of the world's people who live in poverty,
starvation, and need would certainly occupy still more time in the already busy schedule of our theoretical office. But not only the
underdeveloped and emergent countries of the world have special needs. These special needs home as well. 'Black lung' disease among the
miners of Kentucky and West Virginia is just one of a myriad of occupational ills, many of which can be abolished through relevant redesign
of equipment and/or processes.
Middle and upper managerial ranks (if male and between ages of thirty-five and sixty) are a prime health-hazard group. The incidence of
death from cardiovascular arrests by stroke or heart attack is frighteningly high. This loss of human lives can be ascribed to three main causes:
faulty diet, a lack of exercise and stress syndromes. Exercising equipment with built-in motivation might spare the lives of many people in
this group, a group desperately needed all over the world to keep humanity going. Basic shelters for American Indians and the Lapp
population of Norway, Sweden, and Finland - and shelters (both temporary and permanent) for all men poised at the edge of an alien
environment - need design and discovery. Whether it be a comparably simple shelter such as a space station or dome cities for Venus or Mars
or something as complex as the complete 'terraforming' of the moon, our design office will be needed here just as it is in sub- oceanic cities,
Arctic factories, and artificial island cities to be anchored like so many pleasure boats in the Amazon River Basin, the Mediterranean, or
around the (genuine) island chains of Japan and Indonesia.
Research tools are usually 'tuck-together', 'jury-rigged' contraptions, and advanced research is suffering from an absence of rationally
designed equipment. From radar telescopes to simple chemical beakers, design has lagged behind. And what about the needs of the elderly
and the senile? And of pregnant women and the obese ? What about the alienation of young people all over the world? What about
transportation (surely the fact that the American automobile is the most efficient killing-device since the invention of the machine-gun doesn't
permit us to rest on our laurels), communication, and design for entirely new 'break- through' concepts?

Are we still designing for minorities? The fact of the matter is that all of us are children at one point of our lives, and that we need education
throughout our lives. Almost all of us become adolescent, middle-aged, and old. We all need the services and help of teachers, doctors,
dentists, and hospitals. We all belong special need groups, we all live in an underdeveloped and Emergent country of the mind, no matter
what our geographical or cultural location. We all need transportation, communication, products, tools, shelter, and clothing. We must have
water and air that is clean. As a species we need the challenge of research, the promise of space, the fulfilment of knowledge.
If we then 'lump together' all the seemingly little minorities of the last few pages, if we combine all these 'special' needs, we find that we have
designed for the majority after all. It is only the 'industrial designer', style-happy in the seventies of this century, who, by concocting trivia for
the market-places of a few abundant societies, really designs for the minority.
Why this polemic? What is the answer? Not just for next year but for the future, and not just in one country but in the world. During the
summer of 1968 I discovered a Finnish word dating back to medieval times. A word so obscure that many Finns have never even heard it.
The word is kymmenykset. It means the same thing as the medieval church word tithe. A tithe Was something one paid: the peasant would set
aside 10 per cent of his crop for the poor, the rich man would give up 10 per cent of his income at the end of the year to feed those in need.
Being designers, we don't have to pay money in the form of kymmenykset or a tithe. Being designers, we can pay by giving 10 per cent of our
crop of ideas and talents to the 75 per cent of mankind in need.
There will always be men like Buckminster Fuller who spend 100 per cent of their time designing for the needs of man. Most of the rest of us
can't do that well, but I think that even the most successful designer can afford one-tenth of his time for the needs of men. It is unimportant
what the mechanics of the situation are: four hours out of every forty, one working day out of every ten, or ideally, every tenth year to be
spent as a sort of sabbatical designing for many instead of designing for money.
Even if the corporate greed of many design offices makes this kind of design impossible, students should at least be encouraged to work in
this manner. For in showing students new areas of engagement, we may set up alternative patterns of thinking about design problems. We
may help them to develop the kind of social and moral responsibility that is needed in design.
Problems are everywhere. Left-handedness has never been designed for (see Chapter Six). The SDS used compelling rhetoric some years ago
about 'talking to the workers'. But how about working with the workers? 'Hard hats' are given their name because of the protective headgear
they wear. But these hats are unsafe, not sufficiently tested for absorption of kinetic energy. I should like to quote from the pamphlet of the
'safety' helmet made by Jackson Products of Warren, Michigan:
CAUTION: This helmet provides limited protection. It reduces the effect of the force of a falling object striking the top of the shell. Contact
of this helmet shell with energised electrical conductors (live wires) or equipment, should be avoided. NEVER ALTER or MODIFY the shell
or suspension system.
Inspect regularly and replace suspension system and shell at first sign of wear or damage.

The WARNING stated above applies to all industrial safety hats and caps regardless of manufacturer. [My italics]
This last statement really seems to be true since all hard-hat pamphlets carry this warning, using almost identical words.
The nearly two million safety goggles manufactured annually in this country are unsafe - the lenses scratch easily, some may shatter, and
most crack the bridge of the nose under a blow. So- called 'hard shoes', designed to protect the front of the foot against falling debris, do not
absorb sufficient kinetic energy to be useful; the steep cap over the toes can be crushed by a small steel beam falling one yard. Most cabs in
long-distance trucks vibrate so that they will materially destroy a man's kidneys in four to ten years. The list could go on.
What may be needed here is a designers' commune. Most communes in this country have determinedly marched into the past. But baking
bread, playing a guitar, weaving fabrics, and doing ceramics are not the only rational alternatives to a consumer society. Nor is the mindblowing violence of a Charles Manson. With most of the communes poised in a choice between nihilism and nostalgia, a commune of
planners and designers might prove to be the best alternative. (I've written more about this in Chapter Twelve.)
There must have been a time a few million years ago when some nameless early caveman killed a rabbit, ate it in his cave, and threw the
bones on the ground. And surely his wife implored him to throw the bones out of the cave, to keep it neat and clean. Times have changed. We
are all in the same cave together, and there is no longer any place to throw the trash. Or to change to a more meaningful metaphor, we are all
together on this small spaceship called Earth, 9,700 miles in diameter and sailing through the vast oceans of space. It's a small spaceship and
50 to 60 per cent of the population cannot help to run it, or even help themselves stay alive, through no fault of their own. Where hunger and
poverty lead small children to eat the paint off walls and die of lead poisoning in Chicago and New York ghettos. Where children in Los
Angeles and Boston die of infected rat bites. To deprive ourselves of the brain and potential of any per- son on our spaceship is wrong and no
longer acceptable.
All this raises the question of value. If we have seen that the designer is powerful enough (by affecting all of man's tools and environment) to
put murder on a mass-production basis, we have also seen that this imposes great moral and social responsibilities. I have tried to demonstrate
that by freely giving 10 per cent of his time, talents, and skills the designer can help. But help where? What is a need?
In the early fifties I had the good fortune to enjoy a lengthy correspondence with the late Dr Robert Lindner of Baltimore. Together we
worked on a book to be called Creativity Versus Conformity-, a collaboration ending only with his untimely death. I should like to quote
extensively from the Prologue (pp. 3-6) of his Prescription for Rebellion concerning his concept of value:
The end to which man studies himself cannot be other than to realize the full potentiality of his being, and to conquer the triad of limitations
fate or God, or destiny, or sheer accident, has imposed on him. Human beings are enclosed by an iron triangle that forms for their race a
veritable prison cell. One side of this triangle is the medium in which they must live; the second is the equipment they have, or can fashion,
with which to live; the third is the fact of their mortality. All effort, all being, is directed upon the elimination of the sides of this enclosure. If
there is purpose to life, that purpose must be to break through the triangle that thus imprisons humanity into a new order of existence where
such a triad of limitations no longer obtains. This is the end toward which both individual and species function; this is the end toward which

the race strives; this is the end which gives meaning and substance to life.
Behind and beyond the word-games philosophers play, and in the final analysis, all that man does - alone or in the organisations he erects has as its design the overcoming of one or more or all aspects of this basic triad of limitations. What we call progress is nothing more than the
small victories every man or every age wins over any or all of the sides of the imprisoning triangle. Thus progress, in this one and only
possible sense, is a measurable thing against which the sole existence of a person, the activities and aims of a group, even the achievements of
a culture, can be estimated and assigned value.
The as yet uncalculated millennia during which man has tenanted Earth have been witness to his continued valiant efforts to escape from the
triangle that interns him. Inexorably and against odds, over the centuries, he has fought against and conquered the medium of his habitat until
now he stands poised on a springboard to the stars. Today, earthbound no longer, and loosening even the fetters of gravity, he can look
backward to count his conquests. The elements have succumbed to him, and also the natural barriers of space and time. Once confined to a
small area bounded by the height of the trees he could climb, the distance his legs could carry him, the view his eye could encompass, the
length his voice could carry, the reach of his arms, and the acuity of his remaining senses - once a cowed victim of every hazard to existence
vagrant Nature has in her catalogue - now he is lord over those containing powers that would have held him slave to them forever. So one iron
wall of his cell has been worn thin, and, through the vents and cracks he has made in it, come far-travelled winds of freedom and the
beckoning gleam of the universes outside.
Similarly, the second side of the triangle - the limitations imposed by the biologically given equipment of human beings - has yielded step by
step to the ongoing, persistent struggle against it by men. In the main, this has been a process of extension. It has been marked by the
fashioning of tools to improve the uses of the limbs, the sensitivities of the specialised end-organs and the efficiency of those other parts and
organs that complete the body. Here the victories have been of an immense order of magnitude. They have culminated in what amounts to a
total breakthrough of the envelope of skin that enwraps us, even to the point w here the products of hand and brain - as in the giant computing
machines and other physical miracles of our time - by far outdo many capacities of their creators. And, finally, in the matter of the last side of
the triangle, while the days of our years still last but an eyewink on the bland face of the eternal clock, longevity if not immortality is now
more than a promise.
The uses of knowledge are clear despite the turgid morass through which a seeker must plough to find order and sense therein. The sciences
and arts - like the individual lives men live - are all strivings and experiments. They are pointed toward the realisation of human potentiality
and ultimately contributory to that evolutionary break- through which will come when the walls of the containing triangle finally crash to
earth. Thus the value of an item of knowledge, an entire discipline, or a deed of art can be placed upon a scale, and its measure also taken.
Much as we have established a six-sided 'function complex' in order to evaluate design in the first chapter, we can now plug in the 'triad of
limitations' and use it as a primary filter to establish the social value of the design act. While the American automobile is examined in great
detail in a later chapter, it can be used as a demonstration object now.
Early automobiles overcame one of the three prison walls of the triad. It was possible to go farther and faster in an auto- mobile than a human

being's legs would carry him, and to carry a heavy load as well. But today the automobile has become so overloaded with false values that it
has emerged as a full-blown status symbol, dangerous rather than convenient. It breathes and exhales a great amount of cancer-inducing
fumes. It is overly fast, wastes raw materials, is clumsy, and kills 50,000 people in an average year. On an average weekday the time needed
in rush hour to go from the East River to the Hudson on Forty-second Street in New York is at least one hour: a man walking can easily do it
in but a fraction of that time. Considering these aspects, the concept of the automobile has been manipulated so that it now shores up the wall
of mortality in the triad; its contributions have grown negligible by comparison.
The car, however, is only one example. Everything designed by man can be forced through the filter and evaluated in a similar manner.
K. G. Pontus Hulten's The Machine as Seen at the End of the Mechanical Age (1968) is an excellent book. Two quotes from it are relevant
here. Commenting on Jean Tinguely's 'Rotozaza No. 1', Hultensays:
The production of articles that nobody really needs, but which occupy the ground floors of all big stores, is one of the many outward
symptoms of something basically wrong in a world of overproduction and under nourishment. In order to control overproduction, without
going through the intricacies of selling the product, it becomes necessary for a wilfully destructive war to be going on permanently somewhere. Today, the world is spending over $150 billion per annum on the actual or potential destruction of lives and property, as compared
with the capital transfer from rich to poor countries of about $10 billion per year - including a large share for military aid. And on the
following page, in reference to another work, he continues:
Probably the greatest political problem facing the world today is the difference among various regions as regards their technological
development. Many parts of Europe and America are already leaving the mechanical age to enter the electronic era, while much of Africa, for
example, is only beginning to be industrialised.
To some extent, the mechanical age seems linked to the age of colonialism. Both reached their apogee in the nineteenth century; both were
based on the instinct for exploitation. The world was prospected to discover and cultivate raw materials with which to feed the machines. It
rarely occurred to the ruling powers that the people whose soil produced these materials, and who sweated to bring them forth, should have
any appreciable use and benefit from other products. Whenever the natives made any serious trouble, the usual response was to send a
gunboat.
Up to 1950, there were four independent countries in Africa; today, there are more than forty. They are politically aware and highly
nationalistic, but technologically extremely underdeveloped. Industrial output in all of Africa (except South Africa) is, in fact, less than that in
Sweden alone. Unless foreign governments and private corporations unite with the African nations in a massive and long-range programme of
industrial development, the social and political results will probably be explosive.
What needs to be done ? And how can we do it ? A series of examples may serve as the best answer.
One of the world's few really great designs for emergent countries was developed during the last twenty-five years by a team of three

designers from as many different countries. It is a brick-making machine. This simple device is used as follows: Mud or earth is packed into a
brick-shaped receptacle, a large lever is pulled down, and a perfect 'rammed earth' brick results. This apparatus permits people to
'manufacture' bricks at their own speed - 500,000 a day or two a week. Out of these bricks schools, homes, and hospitals have been built all
over South America and the rest of the Third World. Today schools, hospitals, and entire villages stand in Ecuador, Venezuela, Ghana,
Nigeria, Tanzania, and many other parts of the world. The concept is a great one: it has kept the rain off the heads of people, and it has made
instruction possible in schools where it was not possible before and where the schools themselves did not exist a few years ago. The brick
machine has made it possible to construct factories and install equipment in areas where this had never been attempted in the past. This is
socially conscious design, relevant to the needs of people in the world today.
During the international design festival at Jyvaskyla, Finland, in 1968, I participated as part of a UNESCO team of inter- national design
experts to develop new ideas for Black Africa. Many problems await solution. The circulatory system of the Third World, and specifically
Black Africa, is very bad. The people get sick because waste products cannot be efficiently rinsed away; there is almost no sanitation. There is
not enough water because water is polluted by precipitation, by flowing through open ditches, and by incredibly fast evaporation. Often water
is uncontrolled and washes away precious topsoil. Irrigation is virtually non-existent in the villages. The missing element is a pipe, or rather a
simple device that will make it possible to manufacture pipe segments in the village, by 'cottage industry' or by an individual. So the task is to
design a pipe-making machine. A pipe-making machine that can be built in Africa by Africans and used for the common good. A machine (or
tool) that will by-pass private profit, corporate structures, exploitation, and neo-colonialism.
Black men from seven nations told me that one of their greatest needs was an inexpensive educational TV set. This will be a set to be
distributed to African states through UNESCO, to be made in Africa, using native materials as far as possible, as well as local labour. It
should give no profit to any private corporation in Europe or North America.
Television was developed in Great Britain and the United States nearly forty years ago. Since these were the first countries to develop it and
because of their market structure, set design has been frozen into early levels, technologically. TV sets in North America show images with a
line resolution of 525 lines to the inch. Russian sets have 625; Great Britain has 405 and 625. French sets have a line resolution of 819 to the
inch. This means that these images are clearer and demand less from the eye and brain to decode the information. Obviously a television set
that is completely new, devoted primarily to educational needs, should carry a high line resolution.
In doing the basic research for this set, my graduate students and I have found much to astonish and delight us. Even in a sophisticated,
technologically advanced country like Germany, TV sets have selectors for thirteen different channels, even though only two channels are
used. In our case this entire selection mechanism can safely be left out because we are working on a one-channel set. The eventual breakdown
of the vacuum picture tube is speeded up through the use of on-off switches. We plan to broadcast educational material only, and the set will
always be 'on'. Current drain is negligible with the use of transistors. Since the set must be tropicalized, venting it seemed to be crucial.
Tropicalization in Africa, however, also means preventing the entry of thousands of small insects. We found that through the use of integrated
circuits, internal heat build-up was negligible enough to eliminate all need for fans and/or vents. In fact, by burying an aluminium heat sink in
the housing of the set, enough heat is drained off.

Our research had to consider climatology, anthropology, electrics and electronics, population densities, prevalence of African languages in
various areas, terrain (for transmission reasons), and social attitudes, as guidelines for design.
After we discovered, somewhat late in our research, that a highly sophisticated, market-competitive TV set (including thirty-six channels, onoff switching, internal fans, and an in- ordinate amount of 'sexy' styling) sold for $119-95 retail in the United States (including all profits,
shipping, and customs charges), we investigated that set. We found that labour, manufacturing costs, and material cost the Japanese
manufacturer less than $18. We have accepted the fact that in terms of existing African skills, factories, and distribution networks, our set can
be made for considerably less than $9.
Our final concept of the shell of the TV set will permit both mass production (at the rate of 2,000 shells per machine-day) or individual
production by one individual standing in a village street. It can then be his decision as to whether he wishes to make thirty shells a day or one
every few days.
At the time of this writing (December 1970), the introduction of video-tape cartridges in both black and white and colour is only a matter of
time. It is for this reason that we are redesigning our educational television set so that it will also accommodate the cartridge. There can be no
doubt that, especially in areas of education, video cartridges will completely revolutionise the development of the Third World.
In a short time this $9 TV set will be completed and given to UNESCO. It will join our 9C non-electric, thermo-coupled, cow-dung-powered
radio (designed for Indonesia).
There are many ways of working for the needs of under- developed and emergent countries. The simplest, most often employed, and probably
shabbiest is for the designer to sit in his New York, London, or Stockholm office and to design things to be made in, say, Tanzania, Souvenirlike objects are then manufactured, using native materials and skills, with the pious hope that they will sell in developed countries. They do,
but for a short while only, for by designing 'decorative objects for the home' and 'fashion accessories', we merely tie the economy of that
country to the economy of other countries. Only two possibilities remain: Should the economy of the wealthy Western country fail, the
emergent country's new economic independence fails with it. Should the economy of the wealthy Western country continue climbing, the
fashion likes and dislikes of its population will be manipulated even more, and consequently, the emergent country's new economic
independence will fail also.
A second, slightly more effective way for the designer to participate would be to spend some time in the underdeveloped country developing
designs really suited to the needs of the people there. This still begs the question of meaningful engagement.
A somewhat better way: to move the designer to the under- developed country and have him train designers there, as well as designing and
working out the logistics of design needs for that nation. But even this is no ideal solution.
Ideally (as things stand now): the designer would move to the country and do all the things indicated above. But in addition, he would also
train designers to train designers. In other words he would become a 'seed project' helping to form a corps of able designers out of the

indigenous population of the country. Thus within one generation at most, five years at the least, he would be able to create a group of
designers firmly committed to their own cultural heritage, their own life-style, and their own needs.
All design must be operative. Just as the African TV set be- comes synergetically more than a TV set as its manufacture requires new native
skills, a large pool of labour reserve, new factories, and new communication channels, design itself must, as shown in the above example,
always be a seed project, always operative.

OUR KLEENEX CULTURE:
Obsolescence, Permanence, and Value
You have to make up your mind either to make
sense or to make money, if you want to be a designer.
R. BUCKMINSTER FULLER
In all likelihood it started with automobiles. Dies, tools, and moulds that are used in manufacturing cars wear out after about three years of
usage. This has provided the Detroit automobile makers with a timetable for their 'styling cycle'. Minor cosmetic changes are performed at
least once a year; because of the need for rebuilt and redesigned dies, a major style change is plugged in every two-and-a-half or three years.
Since the end of World War II, the car manufacturers have sold the American public on the concept that it is stylish and 'in' to change cars
every three years, at the very least. With this continuous change has come sloppy workmanship and virtually non-existent quality control. For
a quarter of a century American national administrations have proclaimed their tacit approval or enthusiastic support of this system. Some of
the economic and waste-making results of this policy have been documented in other chapters. But what is at stake here is an expansion: from
changing automobiles every few years, to considering everything a throw-away item, and considering all consumer goods, and indeed, most
human values, to be disposable.
When people are persuaded, advertised, propagandised, and victimised into throwing away their cars every three years, their clothes twice
yearly, their high-fidelity sets every few years, their houses every five years (the average American family was moving once every fifty-six
months as I was writing this book), then we may consider most other things fully obsolete. Throwing away furniture, transportation, clothing,
and appliances may soon lead us to feel that marriages (and other personal relationships) are throw-away items as well and that on a global
scale countries, and indeed entire subcontinents, are disposable like Kleenex.
In spite of its shrill and horrifying overtones, Vance Packard's The Wastemakers tells the story of forced obsolescence and the death-rating of
products as it is.
That which we throw away, we fail to value. When we design and plan things to be discarded, we exercise insufficient care in designing or in

considering safety factors.
On 8 April 1969, the Health Department of Suffolk County, New York, reported on their study of colour TV sets. Studying sets of all sizes,
prices, and makes, they discovered that minimally 20 per cent of all colour TV sets emitted harmful X-rays at a distance of from 3 to 9 feet. In
other words, at least one in every five colour television sets being used may sterilise the viewer, or subject his or her children to genetic
damage after prolonged exposure.
As of 1 April 1969, General Motors was recalling one out of every seven automobiles and trucks for 'remedial repairs' as these vehicles
proved themselves clearly unsafe in operation. More than $750,000 has been awarded to plaintiffs or their survivors by a jury in Sacramento
because of the negligent design of the gas tank on the early Corvette. A jury in Los Angeles gave more than $i million to several people
because of the Volkswagen's poor cornering capability.
On 29 June 1967, Ernest Pelton, a seventeen-year-old playing football for his high school in Sacramento County, California, received a head
injury. The depression of the subcortical layers of his brain have plunged him into a permanent coma, and he is not expected ever to regain
consciousness. Medical costs for the remainder of his lifetime have been estimated to run in excess of $i million. What makes the story
relevant is that Mr Pelton wore the best and most expensive ($28.95) football helmet being manufactured. Every year 125,000 of these
helmets are sold, yet they have never been tested for absorption of kinetic energy! In fact, of the 15 million safety helmets, hard hats, football
helmets, etc., sold annually in this country, none have ever been tested in kinetic energy situations!
And the examples, culled from various news accounts over recent years, go on:
A young man is paralysed for life because the power on his workbench is accidentally activated;
A mother of three is killed because her chest is crushed by the steering column in a car crash;
The boom of a large construction crane collapses, and five families are left without husbands or fathers;
Six hundred women (a year) lose their hands in top-loading washers;
A young girl leaving a drugstore is literally cut into ribbons because the plate glass door fails to pivot properly after a pebble gets caught in its
track;
A crooked union boss fails to see that safety laws on cable-ways are enforced: a cable shears and three miners are crushed;
A tank car carrying carbon dioxide at — 20° C. explodes in the middle of a Midwestern town;
Three children are paralysed from the neck down because they went down a slide head first (slides are badly designed, yet no attention has

been given to redesigning them);
A gymnast is made into a quadriplegic because his portable horizontal bar is inherently unstable;
A baby drinks a toxic household cleaner and is brain-damaged for life.
It is probably impossible to make even a ballpark guess regarding the number of deaths and injuries caused by design. There are a few figures
we can start with, however. According to the National Safety Council, we kill an average of 50,000 Americans annually and maim a further
600,000 each year in traffic accidents. According to a report by Dennis Bracken (radio station KNX, Los Angeles, November 1970), we kill
and injure 700,000 children through unsafe toys each year in the United States. According to the National Heart Association, the lives of
approximately 50 per cent of all industrial workers are shortened by five years or more through heart stress caused by noisy equipment.
Unsafe home appliances account for 250,000 injuries and deaths annually. Even the design of so-called 'safety equipment' imposes further and
greater hazards: 'approved' fire escapes tend to fry people trying to use them. Eight thousand people have died this way over the years when
they were trapped by the escape mechanism.
Recently the control panel on stoves has been moved to the rear of both gas and electric units. The manufacturer's explanation is that this will
make control knobs more difficult for small children to reach. In reality, a merchandising gimmick is at work here: by running wiring straight
up the back of the stove, the stove can be built less expensively, yet sold for more money. The control unit is still there, an attractive nuisance,
and children merely have to climb upon a stool and balance precariously while trying to play with the pretty knobs. Often they may fall and
burn their arms or faces. A design solution would be simple: a double-security switch that requires both hands to engage 'on' (similar to
'Record' switches on tape-recorders). Instead, appliance manufacturers woo the public with such felicitous confections as a recent Hotpoint
range, the oven of which played 'Tenderly' whenever the roast was ready. (!)
(Since I collect examples of the idiocies dreamt up by my fellow designers, I found myself enchanted by two new offerings for the 1970
Christmas gift market. One of these was an electric, dial-a-matic Necktie Selector for the home. You push a series of buttons, specifying shirt
colour, suit colour, and other pertinent data, then a little wheel moves forward and presents the six or ten ties that fit in with your particular
colour choice. This gadget mounts on the inside of the closet door, comes in a choice of 'modernistic' or 'Early American', and is only $49-95.
The other, alas, was still in the developmental stages in 1970, but they were promising it by next Christmas. It was an electronic necktie
selector that uses a colorimeter and a scanning device to assess your entire wardrobe. No longer will you have to feed colour specifications to
the gadget and push buttons: instead, the tie selector will take a good hard look at you, scan your 'ensemble', and then hand you the tie that is
good for you. It seems we will be privileged to buy this for a mere 300 bucks a throw.)
There is no question that the concept of obsolescence can be a sound one. Disposable hospital syringes, for instance, eliminate some of the
need for costly autoclaves and other sterilising equipment. In underdeveloped countries, or climatic situations where sterilisation becomes
difficult or impossible, a whole line of disposable surgical and dental instruments will become useful. Throw-away Kleenex, diapers, etc., are
certainly welcome.

But when a new category of objects is designed for disposability, two new parameters must enter the design process. For one thing, does the
price of the object reflect its ephemeral character? The 99c paper dresses cited before are excellent answers to changing fashion or to travel
needs, or in the area of temporary protective clothing. But this is not the case with the $149-50 paper dress.
The second consideration deals with what happens to the disposable article after it has been disposed of. Automobile junk- yards follow our
highways from coast to coast. And even these appalling smears on the landscape at least have a (painfully slow) rusting process in their
favour, so that five or twenty years hence they will have turned to dust. The new plastics and aluminium will not disintegrate, and the concept
of being up to our armpits in discarded beer cans is not a pleasant prospect for the future.
It is here that bio-degradable materials (i.e. plastics that become absorbed into the soil, water run-off, or air) will have to be used more and
more in the future. The Tetra-Pak Company, responsible for the distribution of seven billion milk, cream, and other packages a year, is now
working on an ideal self-destructive package in Sweden. A new process, developed in collaboration with the Institute for Polymer
Technology in Stockholm, accelerates the decomposition rate of polyethylene plastics. Thus, packages will decompose much more rapidly
after they have been discarded without having their strength and other properties affected while still in use. A new disposable, self-destructive
beer bottle called 'Rigello' is already on the market. Much more than these Swedish experiments will have to be done to save us from product
pollution.
Fortunately, it has now become possible to use the actual pro- cess of pollution to bring about positive results. The result of a recent design
research problem conducted with two graduate students is a good example.
We began by studying cockleburs, burdocks, and other botanical seeds that possess 'hooking mechanisms'. Out of this we developed an
artificial hooking seed, approximately 40 cm. in length and made out of a bio-degradable plastic. The particular plastic chosen has a half-life
of about six to eight years. All plastic surfaces of these constructs are dipped in plant seeds and encapsulated in a hydrotropic nutrient
solution. These 'macro- seeds' are furnished folded flat, but spring-loaded, 144 to a pack- age. When the package rips open, the macro-seeds
spring into shape and (assuming there are hundreds of them) become inextricably hooked to one another (see illustrations). The theoretical
concept is an extraordinarily simple one. It is possible to drop thousands of these seeds from aeroplanes into dry-wash areas of arid, desertlike country. Once dropped, the seeds spring open and interlink. With the first rain or even a substantial increase in moisture content of the
air, the plant seeds on the surface of the artificial seeds begin to sprout (helped along by the nutrient solution encapsulating them). The macroseeds themselves, helped along by these newly sprouted organic seedlings, now form a low but continuous dam. (Such a dam can be
theoretically infinite in length, and would be ?round 20 to 30 cm. in height. The experimental dam we constructed at a dry-wash area is 17
metres long.)
The dam, consisting by now of macro-seeds that are hooked together and further augmented by true organic growth, begins to catch the first
spring run-offs. Seeds, mulch, topsoil, and other organic principles are captured by it; the dam grows both literally and figuratively. Within
three to six seasons it has grown into a compact area of vegetation and a permanent trap for capturing topsoil. Towards the end of this period
the bio-degradable plastic core begins to be absorbed by the surrounding vegetation and soil and turns into a fertilising agent.

Experimentally at least, the erosion cycle has been halted and in fact reversed.
The component factors of obsolescence, disposability, and self- destruction have been used for an ecological alteration, and an attempt has
been made to salvage desert areas by introducing new thinking into design and planning.
To return to the primary concept of a disposable society: With increasing technological obsolescence, the exchange of products for newer,
radically improved versions makes sense. Unfortunately, as yet there has been no reaction to this new factor on the market level. If we are to
'trade in' yesterday's products and appliances for today's, and today's for tomorrow's at an ever- accelerating rate, then unit cost must reflect
this tendency. Slowly, two methods of dealing with this problem are beginning to emerge.
Leasing rather than owning is beginning to make headway. There are a number of states in which it is less expensive to lease an automobile
on a three-year contract than to own one. This concept has the added motivation built in that the man who leases his automobile is no longer
bothered by maintenance cost, insurance, fluctuating trade-in values, etc. In some of our larger cities it has become possible to lease such
large appliances as refrigerators, freezers, stoves, dishwashers, washers and dryers, air-conditioning units, and TV sets. This trend has grown
even more pronounced in manufacturing and office situations. Maintenance and service problems surrounding the hardware in the computer,
research lab, and office-filing fields make the leasing of equipment more and more rational. Property tax laws in many states are also helping
to make the concept of 'temporary use' rather than 'permanent ownership' more palatable to the consuming public.
It now becomes necessary only to convince the consumer that, in point of fact, he owns very little even now. The homes which make up our
suburbs and exurbs are purchased on twenty- or thirty-year mortgages but (as we have seen above), with the average family moving every
fifty-six months, are sold and resold many times over. Most automobiles are purchased on an instalment plan lasting thirty-six months. They
are usually traded in four to six months before the contract is completed, and the still partially unpaid-for car is used as a trade-in. The
concept of ownership, as it applies to cars, homes, and large appliances in a highly mobile society, becomes a mere polite fiction.
This is indeed a major volte-face regarding possessions. It is a change of attitude often condemned out of hand by the older generation (who
are sublimely unaware of how little they them- selves, in fact, ever own). But this moral condemnation is not really relevant and never has
been. The 'curse of possessions' has been viewed with alarm by religious leaders, philosophers, and social thinkers throughout human history.
And the concept of being owned by things, rather than owning them, is becoming clear to our young people'. Our greatest hope in turning
away from a gadget-happy, goods-oriented, consumption-motivated society based on private capitalist acquisitive philosophies, lies in a
recognition of these facts.
A second way of dealing with the technological obsolescing of products lies in restructuring prices for the consumer market. On Sunday, 6
April 1969, the New York Times carried an advertisement for an inflatable easy chair (imported from England) at a retail price of $6-95
(including shipping, taxes and import duties). Within five days mail and telephone orders were received for 60,000 chairs. A few years ago
hassocks and occasional chairs made of plastic-reinforced cardboard were available at such discount outlets as Pier I and Cost Plus at prices
ranging from 59C to $1-49. Such items, combining usefulness, bright colour, modish design, comfort, extremely low cost, light weight, and
easy 'knock-down factors' with eventual nonchalant disposability, naturally appeal to young people and college students. But their appeal is

filtering down to larger and more 'settled' segments of the population as well.
Mass production and automation procedures should make an increasing number of inexpensive, semi-disposable products available to the
public. If this trend continues (and does not lead to waste-making and pollution), it is a healthy one. If further justification were needed for
this throw-away society on moral grounds, a corollary trend has already begun to make its appearance. A home containing inexpensive plastic
dinnerware will, often as not, also contain one or two pieces of fine craftsman- produced ceramics. The 99C paper dress will be dramatised
with a custom-designed, custom-made ring created specifically for the wearer by a silversmith. One of the inexpensive cardboard easy chairs
(bought a few years ago at Cost Plus) may well contain a $60 hand-woven cushion (bought at a prestigious craft shop or a gallery). In fact, the
current renaissance of the crafts is partially traceable to consumer money liberated for investment in these custom-made art objects through
the reduction of prices for everyday goods.
This trend is by no means in full force as yet. But if we look to moving day in 1999, we may well see a family loading their car with a few
boxes full of art and craft objects, ceramics, hand- woven cushions and wall-hangings, books and cassettes while nearly all of the so-called
'hard goods' have either been returned to the lessor or thrown away, to be replaced by newly leased appliances and inexpensively purchased
furnishings at the point of destination.
If we summarise, we see readily that certain aspects of our Kleenex Culture are unavoidable and, in fact, beneficial. However, the dominance
of the market-place has so far delayed the emergence of a rational design strategy. Obviously, it is easier to sell objects that are thrown away
than objects that are permanent, and industry has done little or nothing to decide what should be thrown away and what should not. It is also
much pleasanter (for share-owners, and vice-presidents in charge of marketing) to sell throw-away things that are priced as if they were to be
kept permanently. The two alternatives to the present price system, leasing, or lower prices combined with the customers' investment recovery
through meaningful trade-in or 'model-swapping', have not been explored. Technological innovation is progressing at an ever-accelerating
pace while raw materials disappear. (Thus it is instructive to note that it takes about 850 acres of Canadian timber to print one Sunday's New
York Times. To which may be added: the New York Times Sunday edition sells for 50c and contains more paper and typography than an
unillustrated novel retailing for $7.95. While the Times carries about 500 photo- graphs and drawings in its Sunday edition, and a novel does
not, book-binding costs average 22C per book. It costs the city of New York nearly ice per copy each week to clean up discarded copies of the
Sunday New York Times.)
The question of whether design and marketing strategy is possible in these areas under a system of private capitalism re- mains experimental.
But it is obvious that in a world of need, answers to this question must be found.

SNAKE OIL AND THALIDOMIDE:
Mass Leisure and Phoney Fads in the Abundant Society
Our enemy is self-complacency,

which must be eliminated before we can really learn anything.
MAO TSE-TUNG
All right: the designer must be conscious of his social and moral responsibility. For design is the most powerful tool yet given man with
which to shape his products, his environments, and, by extension, himself; with it, he must analyse the past as well as the foreseeable future
consequences of his acts.
The job is much harder to do when every part of the designer's life has been conditioned by a market-oriented, profit-directed system such as
that in the United States. A radical departure from these manipulated values is difficult to achieve.
It is the more fortunate nations, those favoured by their geographical position and historical circumstances, that today show a grosser spirit
and a weaker hold on moral principles.
Nor would I call these nations happy in spite of all the outward signs of their prosperity.
But if even the rich feel burdened by the lack of an ideal, to those who suffer real deprivation an ideal is a first necessity of life. Where there
is plenty of bread and a shortage of ideals, bread is no substitute for an ideal. But where bread is short, ideals are bread. (Yevgeny
Yevtushenko, Precocious Autobiography.)
All design is education of a sort. It may be education by studying or teaching at a school or university, or it may be education through design.
In the latter case the designer attempts to educate his manufacturer-client and the people at the market-place. Because in most cases the
designer has been relegated (or, more often, relegated himself) to the production of 'toys for adults' and a whole potpourri of gleaming,
glistening, useless gadgets, the question of responsibility is a difficult one to raise. Young people, teenagers, and pre-pubescents have been
propagandised into buying, collecting, and soon discarding useless, expensive trash. It is only rarely that young people overcome this
indoctrination.
One notable rebellion against it, however, did occur in Sweden a few years ago when a ten-day 'Teenagers' Fair' attempting to promote
products for a teenage market was boycotted so thoroughly it nearly got put out of business. According to a report in Sweden NOW (Vol. 2,
No. 12, 1968), a good number of youths resisted what they considered over-consumption by holding their own 'Anti-Fair', where the slogan of
the day was 'Hell, no, we won't buy!' On the big day, buses collected teens from all over Stockholm and drove them to experimental theatres
where special programmes of politically engage films and plays were scheduled and such subjects as world hunger, pollution, and drugs were
discussed in workshop sessions. In the kids' opinion, the 'Teenagers' Fair' was just the beginning of a systematic plan to exploit young
Europeans by enticing them to want more clothes, cars, and 'status junk'.
But Sweden (once again) is the exception rather than the rule. Interestingly, the idea of 'pure' design and the moral neutrality of the designer
always comes up when designers achieve official status or become salaried or subsidised. It seems like an attempt to affirm the identity of the

designer and to protect him against officious interference by managerial groups; unfortunately, it is also self-deception and a hoax perpetrated
against the public. To paraphrase freely from Paul Goodman's Like a Conquered Province, in America at present the great bulk of the billions
of dollars for science and design is for research on extrinsically chosen problems, or even on particular products. Of nearly $20 billion marked
by government and corporations for research and development, more than 90 per cent is devoted to last-stage designing of hardware for
production. Corporations mark up prices 1,000 per cent in order, they say, to pay for basic research, but much of the research is to by-pass
other firms' patents. It is hard to believe that this kind of science or design is disinterested and that promoters are not using the prestige of
design and science as a talking-point. Goodman concludes: '. . . I have heard distinguished scientists - for instance at the California Institute of
Technology - mention their guilt at bilking the government out of money that, they know, is not going to pay off as the government wishes!'
It might be instructive to see just what would happen if all social and moral obligations were to be removed from designer and manufacturer
alike. What if the advertising, design, manufacturing, market research, profiteering complex were really to be given free rein? Assisted by
their tame 'scientists' in psychology, engineering, anthropology, sociology, and intermedia, how would they change, or distort, the face of the
world ?
Last year, in order to illustrate what might happen if design were to continue completely unchecked, I wrote a brief satirical piece that tried to
show how the combination of irresponsible design, male chauvinism, and sexual exploitation might be highly destructive. Entitled 'The Lolita
Project', it appeared in the April 1970 issue of The Futurist (pp. 52-5). My satire concerned itself with a proposition that, in a society that
views women as objects for sexual gratification, an enterprising manufacturing might well begin tooling up for the production and marketing
of artificial women. These plastic women were to be animated, thermally heated, response-programmed units, retailing at around $400, in a
vast choice of hair colours, skin shadings, and racial types. It also suggested various improvements upon nature, offered by a Special Products
Division that would fill orders for, say, a 19-foot tall, lizard-skin-covered woman equipped with twelve breasts, three heads, and programmed
to be aggressive.
To my surprise, I began receiving much correspondence as a result of my article. A Ph.D. teaching social psychology at Harvard has written
me four times regarding a licence to begin Flesh-like vinyl body manufacturing. Industrial designers from many countries are still writing,
offering me money to go into partnership with them and begin turning out Lolita units. A full-size plastic doll (which the Swedish press and I
feel resembles Jackie Kennedy Onassis) is now available in three hair colours for $9.95; the advertisement is reproduced on the left. And at
the time of this writing, the December 1970 issue of Esquire magazine is featuring the construction of such women, with a cleverly faked
colour photograph.
But my plastic-woman article was merely a very slightly exaggerated projection of standard marketing methods and practices.
One early use of project design to support political aspirations is recorded in Jay Doblin's One Hundred Great Product Designs. In 1937,
aware of its fantastic propaganda value, Adolf Hitler placed high on his list of Nazi priorities the design of a car for everyone. He ordered the
creation of a new automobile firm, the Volkswagen (People's Car) development company. In early 1939 the VW plant began in a non-existent
town, later to be called Wolfsburg:

Hitler was convinced that large automobiles - the only type produced in Germany during the early thirties - were designed for the privileged
classes and are therefore opposed to National Socialist interests. In the spring of 1933, he met with Ferdinand Porsche to plan such a car for
the masses - the Klein-auto. Porsche, who had experimented with smaller cars for many years, saw in Hitler's enthusiasm the opportunity to
realise a dream. Porsche was one of the most highly regarded automotive engineers in Germany at the time. As chief engineer for a number of
automobile companies including Lohner, Austo-Daimler, Daimler-Benz and Steyr, Porsche was ideally suited to the task. He and the Fuhrer
agreed that the 'people's car should be a four-passenger vehicle with an air-cooled engine, and average between 35 and 40 miles per gallon,
and a top speed of 70 mph. In addition, Hitler stipulated it should cost the German worker approximately $600 to purchase. A sum of $65,000
was appropriated to underwrite preliminary development costs; Porsche completed the first prototype car about two years later in his Stuttgart
workshop.
In the United States, design is not overtly used in a political manner: rather, it unblushingly serves purely profit-oriented clients. But the
implicit message of most of this design is one that caters almost exclusively to the wants of the upper middle class. Design at present operates
only as a marketing tool of big business. Industrial design specifically was created during the Depression of the thirties to help industry
reduce costs and improve appearance, as previously discussed. And the business community aims towards the strivings of the middle and
upper middle class as the most rewarding market. Because of the unusually short time during which industrial design has existed as a
discipline, it is a field that in the United States is dominated almost entirely by the men who first created it, or by their immediate successors.
In other words, design in the United States is largely run by a middle-aged or elderly design- entrepreneur class who, in C. Wright Mills's
phrase, are 'independent middle-class persons, verbally living out Protestant ideas in small-town America'. If one looks through a recent
coffee-table volume entitled Design in America confected by the members of the Industrial Designers Society of America, it is appalling to
see how dehumanising and sterile everything looks. In hundreds of pictures the members of IDS A are obviously trying to present their best
face to the world; the result is a collection of elitist trivia for the home and anti-human devices for the working environment.
In order to work more intelligently, the whole practice of design has to be turned around. Designers can no longer be the employees of
corporations, but rather must work directly for the client group - that is, the people who are in need of a product. At present the role of the
designer as an advocate does not exist. A new secretarial chair, for instance, is designed because a furniture manufacturer feels that there may
be a profit in putting a new chair on the market. The design staff is then told that a new chair is needed, and what particular price structure it
should fit into.
At this stage, ergonomics (or human factors design) is practised and the designers consult their libraries of vital measurements in the field.
Unfortunately, most secretaries in the United States are female, and most human factors design data, also unfortunately, are based on white
males between the ages of eighteen and twenty-five. As the few books in the bibliography that deal with ergonomics show, the data have been
gathered almost entirely from draftees inducted into the Army (McCormick), Navy personnel (Tufts University), or Dutch Air Force
personnel (Butterworth). Aside from some interesting charts in Henry Dreyfuss's Designing For People, there simply exist no data concerning
re ally vital measurements and statistics of women, children, the elderly, babies, the deformed, etc.
At any rate, based on a manufacturer's hunch that a new secretarial chair might sell, substantiated by extrapolating and intrapolating the
measurements of Dutch pilots during World War II, and fleshed out by whatever stylistic extravaganzas the designer performs, the prototype

chair is now ready. Now begins consumer testing and market research. Stripping this research of all the mystical clap-trap supplied to it by the
snake-oil brigade from Madison Avenue, this means that a few chairs are either tested or sold under highly controlled circumstances. They
may, for instance, be sold through a leading department store in six 'test cities'. (These are cities of medium population and median in- come,
and are towns in which money is usually alleged to be 'ready for new ideas'. San Francisco, Los Angeles, Phoenix, Arizona, Madison,
Wisconsin, and Cambridge, Massachusetts, are five out of a list of fifty such towns.) Stores in which such testing is carried on are usually the
leading shops or department stores in their line, catering to a white middle-class audience. So much for market research.
Consumer testing is frequently done in one of two ways: either secretaries are urged to sit in the chairs for however long it takes them to type
one sentence (after which their attention is directed towards the delicious upholstery colour and texture), or else the chair is sat upon for
hundreds of hours by a machine to see if one of the chair legs will break off. Neither test, I would submit, really gets down to the
fundamentals: do different secretaries experience major discomfort while working hard, seated in a chair for a series of four-hour periods,
stretching over weeks, months, or years ? More crucial still is the fact that almost nothing industry designs and markets is ever re-tested. If it
sells, swell.
When we work as a cross-disciplinary team to design a better chair for secretaries, who are we designing for? Certainly the manufacturer
wants to build secretarial chairs only to sell them and make money. The secretary herself must be part of our team. And when the chair is
finished (interior designers, decorators, office planners and architects please note!) there must be real testing. Nowadays an 'average' secretary
is usually asked to sit in the new chair, sometimes even for five minutes, and then asked, 'Well, what do you think ?' When she replies, 'Gee,
the red upholstery is real different!' we take this for assent and go into mass production. But typing involves eight hours a day, long stretches
of work. And even if we test secretaries intelligently on these chairs, how can we see to it that it is the secretaries themselves who make the
decision as to which chair is bought ? Usually that decision is made by the boss, the architect, or (God save us) the interior decorator.
And this turnabout in the role of the designer can be accomplished. Our role is changing to that of a 'facilitator' who can bring the needs of the
people to the attention of manufacturers, government agencies, and the like. The designer then logically becomes no more (and no less) than a
tool in the hands of the people.
As it happens, much has already been said about the inadequacy of chairs for typists. And now, finally, a typist's chair has been designed in
which secretaries formed part of the planning team and tested it thoroughly. The chair was designed by a team called Umweltgestaltung, of
Stuttgart. Ergonomics, which was studied in detail, was handled by Ulrich Burandt and the Institute for Hygiene and Workers' Physiology in
Zurich, Switzerland, and the chair is manufactured by Drabert & Sons of Minden, Germany. It is thoroughly documented in Infordesign No.
34 (Brussels). But one can only fear that what American designers like to call 'sexed-up' chairs will outsell it when it reaches the market-place
in this country. And it should be remembered that, in any case, secretaries almost never have any say in their employers' purchase of chairs.
If we switch examples from a secretarial chair to a small refrigerator, then entirely new standards are involved. With present marketing and
sales structures, an inexpensive refrigerator is merely a refrigerator that has been stripped of 'added features'. Should someone suggest that the
new refrigerator does not fit the needs of residents of the ghetto, low-income families, and other foreseeable users, market-research teams
have ready answers. The inner-city blacks, we are told, are 'too irresponsible to use it wisely', the life-style of the low-income families is

based on 'eroding family structures', etc. In other words, the faults of our society are blamed on its victims. As William Ryan points out in his
most recent book, Blaming the Victim, this is a splendid cop- out, and a wonderful way to get rid of one's feelings of responsibility.
In American society we are daily prompted to feel that there is inherently something shameful and wrong in being 'low income'.
Design indeed still has far to go. During 1970-1, an all- European design competition concerned with table settings was held under the
sponsorship of Gruppe 21 in West Germany. The competition bore the title 'Tisch 8o-Bord 8o’ The most responsible entry from an ecological
viewpoint was submitted by a former student of mine, Mrs Barbro Kulvik-Siltavuori of Finland. Where everything else submitted attempted
to pander to style-consciousness, consumerism, and induced aesthetic feelings of 'object-love', her submission concerned itself with aspects of
recycling.
Her proposal, instead of concerning itself with design in the usual sense, attacked a socially relevant problem of the abundant society.
Significantly (for an entry from Finland), it opposed the collection of pretty dishes and handsome glasses and storing of these objects until
they either become damaged or are replaced for reasons of manipulated 'taste'.
It was proposed to restrict dishes (at least for special purposes and population groups) to three parts which satisfy minimal need requirements:
a large plate, a small plate, and a mug for liquids. Mrs Kulvik-Siltavuori suggested salt-glazed red clay as a possible material; another
suggestion was plastic. She quite properly felt that differences in glaze, coloration, or size were completely negligible when compared with
extremely low cost.
These seasonal dishes come in an aerated plastic container which is designed to make possible washing, drying and storage of the dishes in
the same container. But more importantly, broken dishes and mugs can be returned (like empty beer bottles or recyclable milk bottles) in a
garbage sack which is supplied as part of the system. The manufacturer can then use the re- cycled dishes as raw material: new dishes can be
made out of some of the returned plastic, bricks out of the fired clay, etc.
What is important is how the design establishment reacted to her entry. The entry was awarded the fifteenth prize (out of fifteen), and the jury
remarked: 'This concept has considerable originality ... At any rate, we know how to appraise the humour of this solution. It is an amusing
provocation against existing conditions.'
As we are taught to equate power, money, and possessions, we deny access to goods to those who are poor or in need. Low in- come means
buying used appliances from Good-will or the Salvation Army or doing without them entirely. Certainly nothing is designed for the lowincome group. The philosophy behind this is that 'if only these people had more money', why then they could participate in the American
Dream. In this way we manage to separate out all minority groups - and artificially create quite a few new ones. These minority groups are
people who deviate from the arbitrary norms established by the ruling middle-class power structure. By fractionalizing these minorities even
further (it seems that there are 'educable blacks', 'deserving poor', 'exceptional children', etc.) and blaming them for the problems which we
tell them they have, we have managed to induce in our- selves a specious feeling of superiority and a sense of belonging to whatever Silent
Majority is the norm.

It is obvious that the skills of the designer must be made more accessible to all the people. This will mean the restructuring of the role of the
designer into that of a community problem-solver. His only allegiance will be to the 'direct' clients, the actual users of the devices, tools,
products, and environments that he designs. His secondary role will be that of facilitating the production or redesign of these things. When
such an idea is proposed to industries, they immediately bemoan the lack of citizen participation. Teachers tell us that parents won't come to
PTA meetings; community organisers inform us that citizens won't join their block organisation; the tenants, planners tell us, won't come to
neighbourhood urban renewal meetings. Isn't it interesting to note that we accuse people of apathy at the -very same time they themselves
complain about being excluded ?
But probably the most telling-point that can be made against the design profession lies in the fact that nearly everything mentioned above is
never discussed in either schools or offices.
Of course, there are certain differences in design as it is practised and thought about by various age groups and nationalities. Most of the
arguments put forward above would be considered just simple common sense by the majority of designers practising in Sweden, Finland, and
most of the socialist countries. In the United States many design students, and quite a few younger designers, feel a tremendous emptiness in
their role and an in- congruence of what they think to what they do.
Most designers still think that their employment as servants of the military-industrial complex is one of the 'givens'. A curious note of
paternalism still dominates design thinking. As the head of one of the largest Chicago design offices said to me at a recent meeting: 'We've
got to do something for the migrant workers that is good for them - but not too good, or they'll never get off their asses!' When the residents
of a low-income area in Lafayette, Indiana, were designing a playground together with architectural students from Notre Dame University a
solution was presented in the neighbourhood council that better suited the community's desires. They can't do that, those are my niggers!' was
the reaction of one of the design students. Rather than leaving this unresolved series of charges against the design profession, I would like to
give an example of how things could work.
My daughter, Jenni Satu, is almost six months old now and has learned to sit on the floor, wobble a little bit, and play. This is a good time to
acquaint her with books. Since paper or plastic pages have a tendency to cut sensitive little fingers, and since books made for small children
and printed on heavy cardboard have pages that are difficult for them to turn, I began looking around for cloth books. There are some. In fact,
there are eight! and they are all manufactured by the Hampton Publishing Company of Chicago. Each book consists of a cover, a back, and
three (count them, three I) leaves, thus a total of six pages per book. They sell for $2 each! They are printed in non-toxic colours on cloth. The
illustrations, while reminiscent of romantic paintings done about a hundred years ago, were actually done in 1935. Under each of the six
pictures that make up a book there is printed a helpful descriptive phrase such as 'BALL'. Since most one-year- olds are incapable of reading
and, if read to, demand greater verbalisation than that, both pictures and text don't apply. A small child is turned on to textures, colour
contrasts, optical effects, and things it can suck. So one of my students has designed a new book: it has ten leaves, or twenty pages. One of
them is a small pocket with teddy-bear-textured cloth on the inside. An- other page is a mirrored-cloth surface. Still other pages present
simple colour spots, optical saturation patterns, textures that feel good and things that go squeak. In addition, the pages are split horizontally
so that the child can combine the ten pages into over forty patterns. It is still made of cloth. The colours are still non- toxic, and it can now sell
for 59c. But that is not the end of the design process: my student has also set up a jig, so that these books can be made by blind people, either

in hospitals or as a sort of 'cottage industry' project. Through this design it was possible to combine an advocacy for two groups: to give
delight to small children, and also to supply the need for meaningful work for the blind.
As indicated throughout this book, design is discriminatory against major sections of the population. Just by comparing the controls, switches,
knobs, and general design of those tools and appliances which in our society seem to be in the province of women ('homemakers') with those
that seem to be 'male- oriented', we can see vast differences. In spite of the clients' differing age, occupation, sex, schooling, etc., most
designers seem to design for an exclusively sexist, male chauvinist audience. The ideal consumer is between eighteen and twenty-five, male,
white, middle-income, and if we look at ergonomic data published by designers themselves, exactly 6 feet tall, weighing exactly 185 pounds.
We have seen that the amount of testing done among various population groups is tokenism at best. Furthermore, designers know very little
about what people really need or want.
By studying the curricula of fifty-eight schools that teach design, I find that courses in psychology and the social sciences are nearly always
absent. When they do exist, they operate under the nomenclature of Consumer Preferences 207, The Psychology of the Market Place, and
Buying Behaviour of Consumer Groups. There are some such psychology and social science courses taught to latent designers at such places
as Purdue University, University of Southern California, and the School of Design, Illinois Institute of Technology. (It is only fair to point out
that the School of Design, California Institute of the Arts, is a notable exception to this: here the mix between social psychology and other
behavioural sciences and design is firmly established. But a new danger has arisen: some designers and their students play with pop sociology
instead of designing. It is obvious that better solutions to the design problems of the real world will come from young people skilled in the
discipline of design, not by untrained dilettantes toying with 'trendy' radical chic.)
Going beyond the badly designed objects that occupy space in our world, are there any good things that many people can afford ? It may be
useful to examine what is available that is both well designed and reasonably priced. While I was still in school, Interiors magazine coined the
phrase, 'The Chair as a Signature Piece of the Designer'. Good or bad, the phrase has stayed. To- day the consumer who wishes to buy a chair
is faced by a bewildering array of 21,336 different models. Many of these are American, but we also import from Finland, Sweden, Italy,
Japan, and many other countries. There are chairs in production that are careful copies of seating units from predynastic Egypt; other
inflatable chairs, incorporating the most recent bits of plastics and electronics, owe their aesthetic debts to the latest moon shot. In between
there are faithful reproductions of Hepplewhite, Early American, Duncan Phyfe, and much else, including newly created styles such as
'Japanese Colonial', 'Plastic Baroque', and the 'Navaho Look'. Prices vary: it was possible to get an inflatable chair for as little as 50c; an easy
chair now sold that is part Swedish but features Japanese electronics in its stereo head-sets and a German impeller motor for a rippling motion
in the back rest, sells for a cool $16,500 each. Aesthetically, as well as for many specific functions of use, or telesic aptness, there are
probably at least 500 'good' chairs. But we might concern ourselves with three chairs I consider great, two of which have stood the test of time
so well that most people are astounded when they find out when these chairs first came into being.
The Director Chair in its most current version is a scissor- legged wooden construction with slip-on seats and back, made of No. 8 duck, with
a 300-pound test strength. It is extremely comfortable to sit in for long periods of time, and that is quite un- usual for a chair without cushions
or pads. For storage or ease of shipping, it folds up into a compact package, weighing less than 15 pounds. It has another unusual advantage in
that it can serve equally well as an easy chair, desk chair, lounge chair, or dining chair. We use eight of them in our home, their light weight,

compactness, and ease of maintenance together with great com- fort and low price making them especially attractive chairs for today's greater
mobility and changing life-styles. At present, the chair can be bought from Sears Roebuck for $12-88. Jay Doblin, in his book One Hundred
Great Product Designs calls it ‘. . . a tremendous buy, probably the best dollar's-worth of furniture available'. Most people, when asked to put
a date to it, assume that it was designed during the late forties. They are mistaken by one century. The chair can be seen in early French and
American photographs and reappears more frequently in pictures made during the Civil War. In its present form it is produced by a number of
firms: the Telescope Folding Furniture Company of Granville, New York, and the Gold Medal Company of Racine, Wisconsin, now make at
least 75,000 chairs annually. Estimates made by current producers of the chair put the quantity produced since 1900 in excess of 5 million in
the United States alone. Jay Doblin mentions that the Gold Medal Company can trace their present model back to 1903. In addition, there
exist British, German, Swedish, and Finnish versions of this chair. The British version, tatted up for present-day consumers in leather and
walnut, is sold as the 'British Campaign Officer's Chair'.
In 1940 Hans Knoll purchased the design of a chair developed by Ferrari-Hardoy and Durchan Bonet. This construction of two interlinking,
open tetrahedra made of steel rods, covered with a sling of leather or canvas, has since become known as the Hardoy Chair among designers,
as the Butterfly Chair, Campaign Chair, Sling Chair, or Egg-Head's Delight, and Safari Chair to the general public. It is an extremely
comfortable indoor-outdoor easy chair, completely amphibious when using the canvas sling, lightweight and, while not foldable in most
models, at least stack- able. The original Knoll-Hardoy retailed for $90 in 1940 with a leather sling. Rip-offs by competing manufacturers
brought that price down, at least on the West Coast, to $3.95 in 1950. Over- production of these rip-offs finally made the chair into a free
give- away at some supermarkets in the West and Southwest (with a purchase of $40 worth of groceries). The origins of the Hardoy Chair are
obscure, but it was produced in a wooden version that folded, by the ubiquitous Gold Medal Furniture Company of Racine, Wisconsin, as
early as 1895. Nearly 7 million Hardoy Chairs, or their copies, have been sold during the last three decades. The reasons for its popularity are
identical to those for the Director Chair mentioned above; like it, the chair has resisted any attempt to infuse it with elements of 'status' or
'elitism'.
The Sack', designed by Piero Gatti and Cesare Paolini, was introduced to the Italian public late in 1968. Essentially, it is a leather-covered
sack filled with plastic grains. The original retail price (in Italy) was $80. The chair is lightweight, essentially bag- like, and easy to carry. The
consistency of the plastic fill is such that it moulds itself to the user's contours. Except for the covering material, the chair also has no
connotations of status. Since its introduction, copies of it, in various covering materials, have brought the price down to as little as $9-99. It
seems to work better in fabric, best in the original soft and pliable Italian glove leather. The internal mix of plastic pellets, with a covering of
vinyl or Naugahyde, is probably the least pleasing because it doesn't 'breathe'. Like the Director's Chair and the Hardoy Chair, it fits in
superbly with today's ideas of casual living. The disadvantage of the Sack and the Hardoy Chair is that older people find it hard to get in and
out of them. What the three chairs seem to have in common (in spite of having been designed over the span of more than a century) is ease of
maintenance, easy storage and portability, no concessions to status, and a low price. In this connection, it is interesting to note that, at least in
the United States, none of these three chairs has sold to low-income markets. The reason is not obscure: the low-income groups have been
successfully victimised by advertising and TV to feel that these are not 'proper' chairs.
Designers may be far from unanimous in picking these three chairs as 'good design'. The taste-makers in our society have a disastrous record
in selecting what is good design. The Museum of Modern Art in New York is usually credited as being the prime arbiter of good taste in

designed objects. To these ends, the museum has caused three pamphlets to be published during the last thirty-six years. In 1934 they
published a book entitled Machine Art. It is a heavily illustrated guide to an exhibition that was to make machine-made objects palatable to
the public, and moreover the museum hand-picked these objects as 'aesthetically valid'. Of 397 objects thought then to be of lasting value, 396
have failed to survive. Only the chemical flasks and beakers, made by Coors of Colorado, still survive in today's laboratories (after enjoying a
brief vogue that was museum-induced, during which the intelligentsia used them as wine decanters, vases, and ash- trays). In 1939 the
museum held a second exhibition: the pamphlet Organic Design illustrates the various entries. Of seventy designs, only one, entry A-3501
designed by Saarinen and Eames, saw further development. The box score of the 1939 exhibition was zero. However, entry A-3501 was
parlayed into two competing chairs by its two respective designers. The Saarinen Womb Chair of 1948 and the Eames Lounge Chair of 1957
are both spin-offs of that exhibition entry.
In 1950 an international exhibition under the title 'Prize Designs for Modern Furniture' was held at the museum. In spite of the fact that most
of the entries were made this time by corporate design staffs and furniture companies, only one of forty- six designs survives to this day.
Since the Saarinen and Eames Chairs mentioned above sell for $400 and $654 respectively, their real impact on people has been negligible.
But when we deal with the taste-making apparat of the Museum of Modern Art, a score of three successes and 510 misses is far from
reassuring. What is even more impressive is what the museum has missed: Mies van der Rohe's Barcelona Chair was designed in the twenties.
Knoll International revived the chair in the fifties, sold it (only in pairs) at $750 each: it has since become the prime status symbol of big
business and graces the entrance hall of most gauleiters of industry around the world. Another one missed by the museum, and equally
profitably reintroduced by Knoll, was the canvas and steel Le Corbusier Chair, also originating in the twenties.
It is most interesting to compare the many museum catalogues of 'well-designed objects'. Whether printed in the twenties, thirties, fifties, or
seventies, the objects are usually the same: a few chairs, some automobiles, cutlery, lamps, ashtrays, and may- be a photograph of the everpresent DC-3 aeroplane. Innovation of new objects seems to go more and more towards the development of tawdry junk for the annual
Christmas gift market, the invention of toys for adults. When plugging in the first electric toasters in the twenties, few would have foreseen
that in another brief fifty years the same technology that put a man on the moon would give us an electric moustache brush, a battery-packpowered carving knife for the roast, and electronic, programmed dildos. ('Joy to the World ?') But there have been true originators. I can find
nothing designed by the late Dr Peter Schlumbohm that is not supremely well designed, thoughtfully engineered, a complete breakthrough,
and unusually attractive aesthetically.
Dr Schlumbohm was a self-employed inventor who in 1941 designed the Chemex Coffee Maker. The Chemex was to be prophetic of all
Schlumbohm's later designs: a way of doing things better, more simply, and through non-electric, usually non-mechanical, means. By restudying applied physics, he was able to develop a way of making better coffee more simply. Since its introduction in 1941, many copies of
the Chemex system have appeared in other countries, notably the 'Melitta' in Germany, as well as several Swedish systems. The coffee maker
was followed in 1946 by a cocktail shaker, in 1949 by a glass water kettle that boils water faster because of its configuration, in 1951 by an
electric 'filter-jet' fan, and by many other items such as snow goggles, a dual-purpose tray, etc. Everything designed by Schlumbohm (who
died in 1957) was reasonably priced.
It would be both repetitive and boring to list again the many badly designed toys. While we seem to have got away from some of the tin

soldiers, bombers, and tanks for boys and wardrobed Barbie dolls for girls, we have instead intergalactic robots. Many of them are as
destructive as the war toys, and even more in- human and mechanistic.
One of the more successful Christmas toys during the 1970 holiday season was a little device selling under the name 'Dynamite Shack'. A
small house made of plastic came equipped with a bundle of (fake) dynamite sticks that were connected by a cable to a detonating device. The
idea was for the eager children to sneak the bundle of dynamite sticks down the chimney and then press the detonator. After what the
manufacturer called a 'satisfying bang', the house would seemingly explode into a dozen or more pieces. Of course, these pieces could be
reassembled, and the game could be played over and over again. But I must question both the educational and the entertainment value of a toy
that teaches youngsters how to blow up buildings.
The number of toys that presently are well designed, inexpensive, and specifically related to the discovery cycles of a growing child is still
somewhat small. But a start has been made. Creative Playthings, of Princeton, New Jersey, and Los Angeles, California, markets such toys
from all over the world. I should especially like to commend a series of simple wooden toys from Finland.
These were designed to give both pleasure and training in such skills as twisting, turning, threading, pressing, pushing, etc. They are designed
by Jorma Vennola and Pekka Korpijaakko. Several summers ago, Jorma Vennola, who was a student of mine, greatly helped in the invention,
design, development, and building of the first portable play and training environment for children with cerebral palsy (CP-I). This
environment is pictured and described elsewhere in this book. While working on the environment, Jorma Vennola also developed several
toys. One of these is his 'Fingermajig'. As this is probably an ideal design development, let me describe it briefly.
Two plastic halves, each the exact shape and size of one of the halves of an old-fashioned bicycle bell, are connected into a ball- like
configuration. Through a series of holes a number of dowels protrude by about i\ inches each. They have backstops so that they cannot slide
out. The heart of the device is a small foam rubber ball. When pushed, the dowels will move in and then jump back out again. The toy comes
in eight bright colours. Children love to play with it. It has a wonderful feel and resiliency. It provides superb exercise of the hand muscles for
all children, as well as those with cerebral palsy, some types of paraplegia, and myasthenia gravis. Being extraordinarily simple and nonmechanical, it does not wear out or need repairs. It floats (making it accidentally one of the few well-designed bathtub toys). With its bright
colours, it is a wonderful toy for play in the snow.
Best of all, after transportation charges from Finland and duty payments, it retails for 75c. (Some stores, usually department stores, have lately
taken to selling the 'Fingermajig' as a toy for $1 in their children's department, and for $5 each upstairs as an 'executive pacifier'.) While
Creative Playthings is to be commended for marketing these toys, much of the credit must go to Kaija Aarikka who first began producing and
selling them in Helsinki.
There is much that is designed well, incredibly much more that is designed badly, and a truly frightening amount of things that are never
designed at all. Now, I am not pleading for more and more products. A world with its back to the wall, ecologically speaking, can ill afford
any of the four stages of pollution: the rape of raw materials, the pollution created in manufacturing, the overabundance of products, or the
pollution of disused products rotting away. I am frightened when Herman Kahn quotes a song sung every morning by the Matsushita factory

workers in Japan:
Let's put our strength and minds together,
Doing our best to promote production,
Sending our goods to the people of the world,
Endlessly and continuously , . . [my italics]
Nonetheless, there are things that are needed, things that are needed now. Often designers tend not to design something be- cause a better
technology seems on its way. But that is a cop-out. When a blind man needs a better writing tool for taking notes in Braille, then it is little use
telling him that in ten years, tape recorders the size of a cigarette pack will cost less than $10. First of all, he needs the writing tool now
secondly, present-day monopolistic practices make such projections of future price highly unlikely. After all, it is monopoly agreements and
price- fixing that result in a hearing aid consisting of an ear piece and a pocket-sized amplifier, which cost $6 to produce, to retail for $470.
Because few designers seem to think up and develop the type of products really needed, I have explained about a hundred of these in the
passage to come.
(I must apologise for listing them in a sort of 'designer's shorthand'. To describe each and every product would fill many volumes. That others
may have had similar ideas is a fact of which I am abundantly aware. However, they have done little or nothing about it. Some of these
products have already been designed by some of my students and are illustrated in this book. What we are all looking for are ways of
facilitating their production.)
PRODUCTS NEEDED NOW: Health care and disease prevention as well as diagnostics might be a good place to start. Of course, there is a
need for intelligently designed heart-lung machines, simplified open-heart surgery, and much else. Instruments nearly that sophisticated, like
the drills and saws for osteoplastic craniotomies designed by a student of mine, C. Collins Pippin, are illustrated elsewhere in this book. But
much can be done on a much lower, almost 'gadgety' level. Take fever thermometers, for instance. None exist at present that give an
extremely fast, efficient read-out and are low in cost. None exist that are colour coded so that people unfamiliar with writing, or with the
convention of 98.6° being 'normal', can find out what their temperature is. What about a thermometer that makes it possible for a blind person
to take and determine his own temperature ? One only exists; it is imported from Switzerland, breaks down often, and costs $20.
All of us have wasted too much of nurses' valuable time as they tried to find our pulse and then take it. Modern electronics could provide us
with a pulse-taker that responds to the actual pulse vibrations. It could be about the size of an old-fashioned pocket watch and need cost no
more than $15. One of my students, Bob Worrell, has in fact designed such a device. But here we en- counter a second level of complexity.
Many people who are perfectly capable of using such a device on patients may be functional illiterates and therefore incapable of reading a
complicated dial, doing some arithmetic regarding pulse mode, and then transferring this data correctly to a patient's records. Obviously a
digital read-out can be devised. To take it a step further, the digital read-out can be linked to a rubber stamp wheel, so that it can be read (but
need not be) and can be transferred directly to the appropriate chart. (In fact, labour unions and craft guilds have much on their books that is
restrictive in this sense. Gas and electric meters, for instance, present a confusing array of five or seven different dials in many communities.
The union and/or the company then forces new men to undergo months of training in how to read these unreadable devices.)

Surely blood pressure can be taken more easily and more comfortably for anxiety-prone patients.
Urinalysis can be a gamble. One commonly used device works like a hydrometer, but because the scale inside the tube is printed on a piece of
paper that is not firmly fixed, such readings are completely meaningless. This device sells for under $4. At the other end of the scale are vast
electronic machines that do a good job in hospitals. These cost several thousand dollars. Humbert Olivari, a student of mine at North Carolina
State, attempted to prove that it was possible to design a small electronic device that could be made for under $30, thus filling the mid-range
of urinalysis devices through thermocouples.
Crutches are badly designed; braces are costly and not designed for greater adjustability to differing body proportions. Canes for the blind
were recently redesigned for the first time by Robert Senn; they are described and pictured elsewhere in this book.
Exercising vehicles for children with cerebral palsy, paraplegia and quadriplegia, myasthenia gravis, and other debilitating diseases are fully
discussed and illustrated in another chapter. Right now I am designing an exercising-and-fun vehicle for children who are only capable of
uncontrolled gross body-movements. But what about such devices as exercising tools for middle-aged males facing strokes or coronaries?
What about such devices for veterans newly fitted with prosthetic arms or legs? Such vehicles could be stationary, self-propelled, or used in
water for hydrotherapy. It is sad to record that when my students and I designed our first vehicles of this sort in the late fifties, these were then
the only ones available anywhere. Since then only three badly restructured tricycles have been produced commercially.
There is no diagnostic Device for quickly, accurately, and in- expensively obtaining galvanic skin response. (A fountain-pen- sized probe
would do the job.)
No really safe pillbox is currently manufactured at a cost low enough so that it can be given away with prescriptions. In the United States
more than half a hundred children die annually because they overdose themselves with various pills and capsules. There is no 'safe' for
medicines kept in the home that is child- proof. There is no 'safe' for household cleaners and chemicals that is tamper-proof.
Blind adults need an instrument on which to take notes in Braille. At present they are faced either with using an expensive and bulky
typewriter (since they cannot see, the typewriter needs extra controls), or using a wholly inadequate pocket stylus and slate. This instrument is
small enough to be carried. However, as the impressions are made in a downwards direction and Braille is raised, everything has to be written
backwards. A team of two graduate students at Cal Arts, James Hennessey and Solbrit Lanquist, have designed an inexpensive, pocket-sized
Braille writer. But blind people also need more meaningful work than making baskets and brooms. It could become the job of the designer to
develop manufacturing processes directly related to the often impressive skills of the blind.
There are many other groups that we have singled out and called 'deprived', 'disadvantaged', or 'retarded'. By doing so we manage to blame
them for the shortcomings of our society. Their skills must be investigated to lead to the design and development of things for them to do. It
goes without saying that members of the disaffected groups must in each case be part of the design team.
When the San Francisco Museum of Art recently had a sculpture show for the blind, many were smilingly impressed by the foresight and

'creativity' of the museum's curator. Hordes of tiny blind children were marched through the galleries while the flashbulbs busily clicked
away. But surely we cannot deprive the blind and partially sighted of all the heritage of sculpture, using their ailments only for occasional ego
trips by museum directors, (By the way, the exhibition and the idea for it was borrowed from a show called 'Art for the Blind', held at
Moderna Museet in Stockholm in July and August, 1968. That show, however, was held in a totally blacked-out area, thus temporarily
'blinding' even the sighted. All sculpture was identified in Braille; to go through the show one had to feel one's way along a waist-high rail.
When one touched the Braille identification, a tiny, nearly invisible, wheat-germ bulb would light up, illuminating only a one-inch area that
identified each object for those of us who could not read Braille. Quite a difference from the San Francisco show!)
At present we are working on a 'Sensory Stimulation Wall'. I am indebted for the idea to a former student of mine, Charlie Schreiner of
Purdue University, and Yrjo Sotamaa of Helsinki. Essentially the wall is a space grid measuring 2x5 feet and is one foot deep. 'Plugged' into
this wall are ten one-foot cubes. Each 'does' things. They squeak, show multi-faceted reflections, are three-dimensional interior 'feelies' for the
hand to explore, switch on lights, and much else. This unit can live in the nursery or day-care centre, lying on one of its 5-foot-long sides.
Children as young as one year can explore the unit and play with it. As the child grows older or new skills develop, new types of cubes such
as aquariums, rear-projection slide screens, electronic toys, and much else, can be added or substituted. Specific skills such as lacing,
buttoning, tying, working a zipper or buckles, snaps, etc., can be taught.
The discomfort, pain, and puzzlement of a small baby that is teething is really pathetic. After experiencing 4.5 million years of this (according
to Robert Ardrey), we have developed one toy: a plastic tube filled with water that can be frozen. It gives the baby comfort for about five
minutes, by which time it has warmed up and is therefore no longer soothing. Surely we can do better than that.
According to the best estimates there are at present about 150 million people (world-wide) who are bed-ridden, would like to read, but cannot
turn the pages of a book. Seven different page- turners are available in Sweden, three in the United States; none of them work. After
designing one, we might also link it to a small overhead opaque projector.
The aged need furniture that is easy to get into or out of. This furniture should be low in cost, easy to clean, and easy to maintain. In the
retirement villages of Florida and the West Coast there live hundreds of cabinet-makers, designers, and craftsmen, whose most challenging
stimulus is the weekend Canasta tournament. The furniture can be designed and built by the client group involved.
What are meaningful, constructive games for the elderly? Surely shuffleboard is not the only option.
Handicapped people, the elderly, and some children need walking aids. All walkers available at present are dangerous, unwieldy, and
expensive. Any compassionate and well-trained fourth-year design student could design a better walker than any that are now available, in
less than one hour.
It seems that a large number of people whose eyesight is less than perfect cannot wear contact lenses. Eyeglass frames change from year to
year. But what about self-adhering glasses that attach to the temples, greater peripheral vision, glasses that change colour (for bright sunlight,
snow, night driving, etc.) chemically?

An ambulance can cost as much as $28,500. Where are well- designed, low-cost inserts that would convert any station wagon to an
ambulance for use during a national emergency ? With the number and prices of ambulances now, this particular national emergency began
about twenty years ago!
In a later chapter an environmental exercising and play cube that was built for handicapped children in Finland is pictured and discussed.
What about other cubes ? Experimental cube child- care centres, cubes that can be used under water and mid-water, and knock-down cubes
that can be used for play, testing, and diagnostic purposes ? When university students (another exploited group) move into an old apartment,
they needlessly spend much money to make it habitable. The services of such an apartment are often indispensable: running water, a toilet and
bathtub, heating, a kitchen complex, windows, and room for storage. Much money and time is spent on painting walls and floors, paint that
eventually remains behind as an improvement for the slum landlord. And of course there are many people living in slums who cannot afford
any improvements. Interior living cubes can be constructed that will make it possible to combine sleeping, working, and sitting surfaces into
an aesthetic- ally manageable entity that uses all of the resources of the apartment itself in an ancillary way only, but shuts them out visually.
Friends of mine have constructed three such cubes (one to sleep, eat, and entertain in; one for work; and one as a play environment for the
baby; each 8 feet cubed) and installed them in their rambling, ugly, slum apartment in Chicago. Recently they have moved the cubes
(knocked-down and packaged flat) to a new, equally expensive and ugly tenement in Buenos Aires.
Nearly two years ago, experiments carried on at Konstfackskolan in Stockholm and fully documented in the Swedish design magazine, Form
have shown that people in wheel-chairs cannot use pay telephones or revolving doors, or buy articles of their choice in a supermarket. Much
of this also holds true for people on crutches. But nearly two years have passed now. Where are the pillar-telephones (with an acoustical hushumbrella) for the handicapped? Where are inexpensive but durable conversion units that will change sidewalk steps and kerbs into ramps?
Where are the revolving display units for supermarket merchandise?
Thornton Ladd's Pasadena Art Museum, completed in 1970 and accurately described in Time (24 May 1971, p. 68) as 'a regrettable hybrid of
cruise-ship lounge and California bath- room', makes no concessions to the very young, the elderly, or the disabled. Steps must be used to
enter it, to leave it, or, once within, to go to the lower level: there are no ramps anywhere. The colossal doors would defeat anyone on
crutches or in a wheel- chair (always assuming they were carried up the steps). Small children in prams or strollers are out of luck, as are their
unfortunate parents. The floors are slippery for anyone attempting to maintain a precarious balance with the aid of a cane: elderly people, who
make up an unusually sizeable portion of Pasadena's population; women who are pregnant and somewhat unsteady; young people with, say, a
temporary skiing injury: in short, those who might be expected to have enough disposable leisure time to come to the museum. The ground
outside the museum is surrounded by a sort of optical moat: crushed white marble and crystal glitters in the unshaded sun in mind-blinding
harshness. After passing this visual booby-trap, even the healthy need quite a while before their eyes adjust enough to be able to see some of
the colours of the paintings inside.
In a splendidly engineered, vertical black slum in Chicago, black women are forced to walk a round trip of nearly five miles to shop at the
nearest supermarket. Public transport is unavailable. If a woman is pregnant, she has to rest her parcels on the head of her unborn baby on the
way back. The architectonic and hydraulic problems of pregnancy are also permanent problems of the obese. Simple chores such as taking a
bath and getting out of bed, create a host of imbalances. Yet the tools of making life easier for these people have not been forthcoming.

Highly specialised work often calls for highly specialised equipment. As a case history, at Cal Arts we discovered that dancers and dance
students could relax their legs more efficiently by elevating them as much as possible. No seating unit (with the partial exception of the illfated 'Barwa' Lounger of 1939) exists for this function. By making dancers and dance students (the client group) part of the design team, a
graduating student, Douglas Shoeffler, developed a relaxing chair that does the job. In the first picture it is shown in a normal seating
position. In this mode it can also be used like a rocking-chair. In the second illustration it is in a 'high-speed relaxation' mode. Just by putting
one's arms behind one's head, one tilts the chair to the second position. Many of these chairs have been built and sold to professional dancers
or students at cost. It also helps relax the tired legs of waitresses, nurses, etc.
Safety and consumer protection could (and does) fill many volumes. What interests me most is how unsafe most safety devices are. Safety
glasses, goggles, helmets, shoes, and truck drivers' cabs have been mentioned in Chapter Four. In addition, there is a problem with hydraulic
lifts which we use when moving heavy objects in order to escape injury. These are overpriced by, minimally, 600 per cent. Also, noise
pollution not only affects hearing, but has been demonstrated to have bad effects on the cardiovascular system. Ear protectors, even when
designed for gun enthusiasts, are unsafe, outmoded, and don't work well. There are no efficient smog masks. There are no efficient back
supports, groin supports, girdles, and back braces for men in the construction industry. (Excellent designs for these exist in eastern Europe.
However, both our captains of industry and their captive designers seem to assume that 'nobody ever really works that hard'.)
One of the most dangerous chunks of equipment available in the United States is the school bus. They are unsafe vehicles, and they give
insufficient protection to children and driver. Local school boards seem to believe in cutting corners both literally and figuratively. The
excellent German buses that exist for this purpose are not bought, and American transportation firms are unwilling to build a better vehicle.
These thirty-year-old death traps rattle down the twisting mountain roads of North Carolina, where a local law permits them to be driven by
fifteen-year-olds.
There is no well-designed first-aid kit on the market.
Most farm accidents occur with tractors. Nearly all of them have no roll-bars.
All-farm machinery and farm implements are unsafe. With the number of boating accidents that affect small children and babies, it is amazing
that no 'automatic face-up' life jackets exist.
There has been much talk about road safety. Bucky Fuller's Octahedral Truss (a structural system) would certainly make a better guard railing
than anything now used. A research team of graduate students at Purdue, headed by Michael Crotty, proposed such a system in 1967. It was
rejected as too costly. With an average of fifty thousand deaths a year, what does cost mean?
Road services are at fault here, too. In states like Indiana, the beading which connects narrow original roads with later 3-foot- wide increases
in width becomes slick and treacherous when iced over.
Apparently, American motorists reject the idea of having a governor attached to their accelerator. But why not attach a device that activates a

loud external siren or bell when the speedometer climbs above 70 m.p.h. ? At least it would give the rest of us fair warning, and a chance to
scuttle to safety.
Discrimination against the poor by designers and their employers is reflected in the pricing of many appliances and tools. Rather than
designing an object that will sell at a reasonable price and work well, and then adding other choice options to it as the price rises, we seem to
delight in a different approach. We have established a new cycle: the cheapest item in the line is usually virtually a toy (Polaroid Colorpack
II). One step up in product cost and we reach the level of junk (most mixers and blenders). A further step and we arrive where we should have
been at the beginning: an honest piece of equipment, but vastly overpriced (the IBM Selectric Typewriter). But there are still a few more steps
to go. The next one is usually the same piece of equipment as before but now loaded' with extras. This is called luxury (any American
automobile). Finally, we get basic design simplicity, usually well made and outrageously overpriced. This is status (the Mies van der Rohe
Barcelona Chair). In this connection it might be instructive to use a case history.
A number of years ago, Kodak developed a gravity feed system for the slide magazines used in their slide projectors. A projector called the
Kodak Carousel was developed. Because the method of handling slides was really excellent, and because the projector itself was of unusually
rugged construction, it sold well. But as the dean of the American Industrial Design profession, Raymond Loewy, is so fond of saying, 'never
leave well enough alone'. Soon a new Kodak Carousel model came off the drawing- board, the 'slim-line' model. Since it was more compact,
many people bought it. The basic early model became the Carousel 600 (with push-button slide changing, a choice of lenses, a tray for one
size of slide) for $60 (other size slide trays and several lenses available, extra). We proceed next to the 650 (added: accepts several sizes of
slide, button changing forward and reverse, remote control forward) for $100; to the 750 (added: remote forward and reverse, a high-low
lampsaver switch) for $130; to the 800 (added: remote control focus, built-in timer) for $145; to the 850 (added: automatic focusing rather
than remote, a tungsten- halogen lamp, two lenses included) for $190; to the 760 (with a larger slide tray than the 850, and a larger lens
included) for $149.50; to the 860 (similar to the 850 but with remote focusing) for $200; to the 860QZ (zoom lens included) for $239; as well
as a few other intermediary models with different combinations of accessories. The line even includes the RA960 (random access to slides)
for $875 and an arc slide projector for $1,500 (with an arc light).
During all this time, however, Kodak has also made point-by- point copies of nearly all of these projectors and sold them under the name
'Ektagraphic' to schools and audio-visual departments. The Ektagraphic line cost about $10-$20 more than their consumer's counterparts.
There are only two differences between these and the consumer models: Ektagraphic projectors are painted grey rather than black, and they
have what Kodak archly calls 'sturdier wiring'. This means that Ektagraphic projectors (generally not available to the public except through
audio-visual stores) have a earthed (three-point plug), heavily insulated wiring, and are less liable to short circuits.
Or in other words: the regular consumer's models, selling from $60 to $239, are not as safe as the Ektagraphic line.
Meanwhile, back at Stuttgart, West Germany, Kodak has quietly built and sold their own version, called the Carousel 'S’ This model is safely
wired, has its own remote focusing and slide- selection cables and, to top it all, has built-in step-down and step- up transformers that make it
usable anywhere in the world, regardless of local voltage. It sells (in Germany) for a cool $75. Kodak of Rochester, New York, actively
attempts to discourage Americans from buying it, hinting that it is somehow unsafe or unsuitable. This is, of course, untrue.

The German model communicates simple, safe, and accident- free function both through performance and looks. Should some German
consumer wish to try for the miracles of zoom lenses, automatic timing, and what not, these options are simple plug-in components that can
be bought separately later on. All the accessories that go with the German version of the Carousel, such as slide trays, extra lenses, etc., are
also better designed, more solidly built, aesthetically more pleasing, and far less expensive. What is the point here ? Well, the Germans seem
to be using that good old American know-how: mass production. They make just one projector with plug-in options, whereas we make nearly
a dozen (counting the Ektagraphic line), all slightly different from each other and all neatly trapping the consumer with his choice. Our
system is designed for consumer dissatisfaction and forced obsolescence. That it is also expensive and unsafe has been demonstrated.
Of course, projectors need lenses too. In their June 1971 issue, the magazine Modern Photography conducted a comparison lens test. All
lenses were rated Excellent', 'very good', 'good', and 'acceptable'; they were rated according to centre and edge definition. The standard Kodak
Carousel lens (5-inch F:3'5 Ektanar) received a rating of 'acceptable' (read: 'lowest') for centre definition and 'good' (read: 'second lowest') for
the edge definition. The Kodak zoom lens used in our example above was tested in three different positions; it was rated 'acceptable' four
times and 'good' twice. By contrast the standard German Kodak Carousel lens (Projar, F: 100 mm.) has been tested and rated 'excellent' for
both edge and centre. The zoom lens for the German Kodak 'S' (Vario-Projar, F:3'5, 70-120 mm.), has been rated as 'excellent' for three and
'very good' for the other three positions.
(It is interesting to note that of the six most popular lenses available in the United States and tested by Modern Photography, only one could
be rated better than 'second lowest': the sole German import on the list.)
In terms of the Third World, much needs designing. I must repeat that we cannot sit in plush offices in New York or Stockholm and plan
things 'for them' and 'for their own good'. Nevertheless, the purpose of this lengthy list is merely to interest people in what can and needs to be
done. Power sources, light sources, cooling and refrigeration units, vermin-proof grain storage facilities, simple brick-making and pipemaking systems (for irrigation, waste disposal, etc.), the same kind of inexpensive conversion system that will turn cars and trucks into
ambulances that was mentioned earlier: these are some of the needs. But there is much else: communication systems, simple educational
devices, water filtration, and immunisation and inoculation equipment need design or redesign.
With perfectly useful vehicles such as buses, railroad cars, trains, ferry boats, and steamers lying all over the place and not being used for
anything, their redesign as movable class-rooms, vocational re-education centres, emergency hospitals, etc. seems warranted. Old ferry boats
might ply some of the tributaries of the Amazon River, for instance, serving as clinics that provide birth-control information, abortion
counselling, X-rays, prescriptions for glasses, dental care, and treatment for venereal diseases - just to give one possible example.
But most of the needs of the Third World will have to be solved there. Our responsibility as designers lies in seeing that emerging nations
don't emulate our own mistakes of misusing design talent as an ego trip for the rich and a profit trip for industry.
At present we are told there is a world-wide food shortage. But the fact remains that there is plenty of food to go around. Food rots, is wasted,
or is eaten by vermin. In most of the Third World all perishable food has to be eaten within twenty-four hours, or before it spoils. There
simply are no vermin-proof cooling de- vices available. Industry (and designers) tend to shrug this problem off and, unconsciously

paraphrasing a remark that triggered the first French Revolution, say: 'Let them buy refrigerators!' Others become ensnarled in new
technologies that may someday revolutionise methods of refrigeration.
At Cal Arts one of my graduate students, Jim Hennessey, and I were more concerned as to how Third World people could keep part of their
perishables fresh for a week or two, starting now. We developed a hand-cranked, modular produce cooler. There is a baseboard unit that
includes a tyre pump, a heat exchanger, a pump, pump valves, and a metering valve, as well as a hand crank. This is surmounted by a 50 cm.
styrofoam cube with a lid. It forces hot pressurised air through a heat exchange which returns the air to near-ambient temperature. The air is
then metered back into the cooler, where, as it expands, it produces a temperature drop. Other modular cubes can be added. Certainly this is
no way to keep two bottles of milk, some Coke, and a roast of beef freezing cold. But twenty minutes of cranking will ensure that, say, a
bushel of mangoes will be kept cool enough not to rot (40° F.) for twelve hours. More importantly, the units can be built in villages in the
Third World with existing tools and used valves. Since this problem was solved, we have begun doing re- search into substituting a sandwich
panel (made of two outer layers of used newspapers and a core of dried native leaves) for the styrofoam. The design will be given to
UNESCO.
At present no industrial design school is working with agricultural problems (irrigation, pest control, ploughing, food storage, etc.). The few
design offices that bother with them at all work on 'sexier' 'zippier' tractors or similar units for the front- lawn market.
There is so much else. American women seem to be willing to explore natural childbirth and Lamaze methods. Yet good graphic information
(in the form of slides or simple schematic drawings) doesn't exist. The actual films of childbirth (natural or otherwise) usually induce only a
swooning spell in husbands who watch them. Equally needed are simple, graphic, reassuring, non- verbal instructions about abortion.
In the field of transportation we may have to take a large step backwards. I was lucky enough to be one of the few people who ever rode as a
passenger in the Graf Zeppelin. It was both a luxurious and thoroughly delightful experience which coloured all my childhood memories of
travel. These giant dirigibles consisted of a large passengers' 'gondola' which housed the captain's bridge, dining rooms, state rooms, and
spacious corridors. The engines were housed in separate nacelles that, like the passengers' gondola, hung suspended from the gigantic
aluminium structure. They were placed more than 100 feet aft of the passengers' cabins. Both vibration and engine noise were almost nil, and
the dirigible, being lighter than air, needed only a slight push to go in the desired direction. Unlike today's jet, it did not rip through the air. In
the late thirties, the Zeppelins were phased out be- cause of accidents involving the highly flammable hydrogen used. But with our new
technology, we may be able to bring them back; we now have gases that are less flammable or inert, thereby eliminating disaster. It would
radically reduce pollution across the North Atlantic run, provide a safer and more comfortable trip, and merely add a few hours to the journey.
It would be a perfect supplement to today's jets, and certainly a better solution than the criminal delinquency of the proposed SST. The lure of
the SST lies in the simple fact that people desperately afraid of flying would like to reduce the duration of their death-fear from eight hours to
three. Dirigibles would give a safer and more comfort- able alternative that is ecologically more responsible. Always the alternative to being
able to do things faster is to slow down. To bring back sailing ships for the North Atlantic run is perfectly feasible. The big hang-up with
sailing ships was the manpower needed to work the rigging. Today all that could be automated. The second drawback to sailing ships was
lack of speed. Today, as we can push people and goods across the ocean in a third of a day flying a jet, an alternative method seems possible
here, I am delighted to find that both West Germany and the German Democratic Republic are developing such ships at this time.

While this list is far from complete, there are still a few items of high priority. Virtually nothing is specifically designed for left- handed
people. Their problem is more complex than is commonly realised. While (of course) left-handed cheque books now exist, left-handed
booklets of unemployment compensation and welfare forms do not. Some simple tools are bi-dextrous: a hammer or a screwdriver. To work a
Nikon FTN camera, however (or most cameras) is nearly impossible. Some left-handed people are 'right-eyed'; some have a predominating
left eye. Steering mechanisms, knobs, and controls in most automobiles are de- signed for right-handed, right-eyed people.
Some tools designed even for the right-handed majority are also sadly lacking: take typewriters for instance. The keyboard was designed so
that the left hand, as well as certain fingers of the right hand, are forced into doing comparatively more work; finger-movement is often
awkward. Nonetheless, keyboard organisation remains 'frozen’.
Radical redesign of all sports equipment and especially com- petition sports equipment is needed. Much is unsafe, and almost everything is so
expensive that it is plain why ‘low-income’ people watch baseball on TV instead of going skiing or sailing. Much sports equipment is
designed towards status-enhancement. Bad ski bindings on narrow Olympic cross-country skis crack tibias on the beginners' slopes. But
beginners' bindings are few, and are merchandised inadequately and apologetically. The National Ski Patrol uses seven different ski rescue
sleds. None of them is really safe.
If my sole intent were to make money, I would develop designs for some of these ideas rather than writing about them. As it is, I am
developing designs in those areas that seem to me to have the greatest urgency. The rest are listed to provide turn-ons for others. My feelings
about the basic wrongness of patents make this approach consistent and worthwhile.
This may be a good place to mention Consumer Reports. It at- tempts to evaluate products and rejects advertisements in order to operate more
independently. The reports are usually intelligent appraisals of user considerations. But because the market is constantly flooded with new
items, it is impossible for Consumer Reports ever to catch up. While health and safety hazards are pointed out, the magazine writes little
about shoddy workman- ship and never addresses itself to the triviality of an object per se. 'Bottom-of-the-line' items, like Woolworth's 2QC
non-electric, non-Teflon-coated, smallest frying pan, are almost never written about. Highly specialised pieces of equipment like certain
photo- graphic lenses, drafting tools, surveying instruments, medical tools, etc. suffer the same benign neglect. (These same items are usually
reviewed in professional magazines. According to a quick survey of some sixty products in nine professional areas which I made recently,
everything is perfect!) For how long consumers will submit to risk, harassment and empty promises is an open question, but one which the
present depressed market may answer soon. Consumer Reports, never addressing itself to the 'why' of an object, thus helps us choose the least
among several evils.
Packaging can mask all kinds of mistakes, con games, or crimes. When evaluating the Campbell Soup Company's line of frozen breakfasts,
Consumers Union, the non-profit group that publishes Consumer Reports, said that the food 'smelled, felt, and tasted good' and went on to
commend the 'attractive' packaging. A little later they added that they had found rodent hairs and insect parts in the breakfast sausages. One of
the most common packages that assaults us in supermarkets is that of breakfast cereal. Robert B. Choat Jr, a former consultant on hunger to
the Nixon Administration, demonstrated that Wheaties, 'Breakfast of Champions', was twenty-ninth in nutritional value of sixty dry cereals
tested. Nearly half of the cereals tested consisted of 'empty calories' and had no nutritional value whatsoever. Some months ago the British

magazine Design poked fun at the designers by attributing to them an outlook of: 'We are like Gods but we must not let anyone know'.
Considering all the areas which my list touches upon, it might be easy to assume that I feel that all the problems of the world can be solved
through design. But in fact, all I am saying is that a great many problems could use the talents of designers. And this will mean a new role for
designers, no longer as tools in the hands of industry but as advocates for users.

Part Two
How It Could Be
REBEL WITH A CAUSE:
Creativity v. Conformity
When you make a thing, a thing
that is new, it is so complicated
making it
that it is bound to be ugly.
But those that make it after you,
they don l have to worry
about making it.
And they can make it pretty, and
so everybody can like it
when the others
make it after you.
PICASSO (as quoted by Gertrude Stein)
It is the prime function of the designer to solve problems. My own view is that this means that the designer must also be more sensitive in
realising what problems exist. Frequently a designer will 'discover’ the existence of a problem that no one had suspected before, will define
that problem and then attempt to solve it. This can be read as a definition of the creative process. Without doubt the number of problems that
exist as well as their complexity have increased to such an extent that new and better solutions are needed.
At this point I should like to do a number of things: to attempt to describe the need for solving problems, to define that aspect of problemsolving behaviour which has been called 'creative', and to try to suggest methods for solving problems.

As both a designer and teacher, I am compelled to ask myself the question: 'How can we make design better ?' And the general consensus
seems to be, both in schools and offices in this country and abroad, that the answers does not lie in teaching more design. Rather, designers
and students have to familiarise themselves with many other fields and, by knowing them, redefine the relevance of the designer to our
society. The insights of the social sciences, biology, anthropology, politics, engineering, and technology, the behavioural sciences, and much
else, must be brought to bear on the design process. Ways of doing this are suggested in great detail throughout this book. But the most
important ability that a designer can bring to his work is the ability to recognise, isolate, define, and solve problems.
A little over a decade ago, the word 'creativity' became a fashionable cliché for this activity. In fact, one California university is offering a
course entitled 'Remedial Creativity 201'!
How and why did being 'creative' become a cliché? The ability to solve problems has been an inherent and desirable trait throughout human
history. Mass production, mass advertising, the operation of the media, and automation are four contemporary trends that have emphasised
conformity and made creativity a harder ideal to attain. In the twenties, Henry Ford, attempting to reduce the price of his cars through
standardised production methods, is reputed to have said, 'They [the consumers] can have any colour they want as long as it's black.' This
implies that, through curtailing colour differences, the price of individual automobiles will be lowered by some $95; conversely, consumers
must be persuaded that black is a desirable colour to have.
The spirit of conformity has accelerated at an amazing rate. The demands on the individual to conform come from all directions: not only do
the national, state, and local governments enforce certain standards of behaviour, but there are pressures from neighbours in suburban areas,
conformist trends in school, at work, in church, and at play. What happens if we are unable to operate in so aggressively conformist an
environment ? We 'blow our top' and are taken to the nearest psychiatrist for help. The first thing this specialist in human thought and
motivation may want to say to us (if not in so many words), is 'Well, now, we must adjust you'. And what is adjustment, if not another word
for conformity ? This is not to argue for a totally nonconformist world. In fact, conformity is a valuable human trait in that it helps to keep the
entire social fabric together. But we have made our severest mistake in confusing conformity in action with conformity in thought.
Extensive psychological testing has shown that the mysterious quality called 'creative imagination' seems to exist in all people but is severely
diminished by the time an individual reaches the age of six. The environment of school ('You mustn't do this!' 'You mustn't do that!' 'You call
that a drawing of your mother ? Why, your mother only has two legs.' 'Nice girls don't do things like that!') sets up a whole screen of blocks in
the mind of the child that later inhibits his ability to ideate freely. Of course, some of these prohibitions have social value: moralists tell us
that they help the child establish a conscience; psychologists prefer to call this the formation of the superego; religious leaders call it 'a sense
of right and wrong', or 'Soul'.
However, society can go amazingly far in attempting to create greater conformity and protect itself from what the current main- stream of
culture is pleased to call 'deviants'. In 1970 Dr Arnold Hutschnecker suggested in a memo to President Nixon that all children between the
ages of six and eight be tested psychologically to determine if they might have the kind of tendencies that would turn them towards becoming
criminals later in life. The underlying suggestion was that some of these children be tranquillised heavily and maintained in that condition,
much as millions of elderly patients in retirement homes are kept under permanent doses of heavy tranquillisers in order to make the work of

the nursing staff easier. Unfortunately, this proposal is characteristic of the kinds of pressures towards conformity that are often found in our
institutions today.
Too many blocks can effectively stop problem-solving, and the wrong kind of problem statement can do the same. The old saying, 'Build a
better mousetrap and the world will beat a path to your door', is a case in point. What is the real problem here, to catch mice, or to get rid of
them ? Supposing my city is overrun by rodents. Suppose I do invent a better mousetrap. The result, next morning I will have ten million
captured mice and rats to con- tend with. My solution may have been highly innovative, but the original problem statement was wrong. The
real problem was to get rid of the mice and rats. As a fantasised solution, it might have been better to broadcast an ultrasonic or subsonic
beam over every radio and TV set for a few hours, which, while harmless to other living creatures, would sterilise all rats and mice. A few
months later the rodent population would be gone. (This raises the ethical question as to whether rats and mice should be permitted to watch
television.) More seriously, it would raise the environmental question to what extent some small rodents are important links in the ecosystem.
However, most problems requiring immediate and radical new solutions lie in areas that are quite new.
Chad Oliver, in his science-fiction novel Shadows in the Sun says,
... he had to figure it out for himself. That sounds easy enough, being one of the familiar figures of speech of the English language, but Paul
Ellery knew that it was not so simple. Most people live and die without ever having to solve a totally new problem. Do you wonder how to
make the bicycle stay up ? Daddy will show you. Do you wonder how to put the plumbing in your new house ? The plumber will show you.
Would it be all right to pay a call on Mrs Layne, after that scandal about the visiting football player ? Well, call up the girls and talk it over.
Should you serve grasshoppers at your next barbecue? Why, nobody does that. Shall you come home from the office, change into a light toga,
and make a small sacrifice in the backyard ? What would the neighbours think ?
But - how do you deal with a Whumpf in the butter ? What do you do about Grlzeads on the stairs ? How much should you pay for a new
Lttangnuf-fel ? Is it okay to abnakave with a prwaatz ? Why, how silly! I never heard of such things. I have enough problems of my own
without bothering my head with such goings on.
A Whumpf in the butter! I declare.
A situation completely outside human experience . . .
We live in a society that penalises highly creative individuals for their nonconformist autonomy. This makes the teaching of problem-solving
in design both discouraging and difficult. A twenty-two-year-old student arrives at school with massive blocks against new ways of thinking,
engendered by some sixteen years of mis-education, a heritage of childhood and pubescence of being 'moulded', 'adjusted', 'shaped'. Naturally,
he will shop around for a school and study programme which seems to hold out the greatest immediate personal rewards. Meanwhile our
society continuously evolves new social patterns that promise a slight departure from the mainstream, but without ever endangering the
patchwork of marginal groups that make up society as a whole.

First of all, we must understand the psychological aspects of problem-solving. While no psychologist or psychiatrist can as yet point to the
exact mechanics of the creative process, more and more insights are becoming available. We know that the ability to generate new ideas
freely is a function of the unconscious, and that it is the associative faculty of the brain that is at work here. The ability to come up with many
new ideas is inherent in all of us, regardless of age (with the exception of senility and anility) or so-called IQ level (always excepting true
morons).
In order to be able to associate freely, multi-disciplinary ability helps. The quantity of knowledge, the quality of memory and recall can enrich
this process. The ability to look at things in new ways is indispensable. This 'new way of looking at things' can be enhanced through the
knowledge and thorough understanding of a second language. For the structure of languages gives us ways of dealing with and experiencing
realities, each discreetly different in each language.
It is perfectly possible for instance to say, 'I am going to San Francisco', in English. Verbally the same statement ('Ich gehe nach San
Francisco’) is possible to frame in German, but it makes no sense whatsoever, linguistically. A qualifier must be added in German, for
instance: I am flying to San Francisco, I am driving to San Francisco, etc. In Navaho and the Eskimo languages the statement must be even
more specifically qualified to make sense: 'I (alone, or with two friends, or whatever) am driving (some- times I will drive, sometimes my
friend will drive) (by cart, by sled) to San Francisco (then I will return and my friend will drive on)'. By bringing more than one language to
bear on a problem, we obtain more insight. Whether .the language studied is German, Finnish, Swahili, Piano, Violin, Fortran, or Cobol
matters little.
Intolerance creates more powerful blocks. Within the social scene, 'tolerance' is imperative to the ability to solve problems. The folk-mind has
anticipated the research findings of psycholo-gists: 'His mind is in a groove', or 'He is in a real rut', are precise definitions of what really
happens. If someone says 'Black', 'Jew' 'Commie', 'Hippie', 'Catholic', or 'hard hat', or what have you, and the immediate reaction is 'son of a
bitch', this has happened. The associational response of the brain has literally worn a groove (or rut) into the engram-response pattern of the
cerebral cortex. Just as Pavlovian psychologists seem impelled by now to ring a bell every time a dog salivates, an intolerant person operates
on a conditioned-reflex level.
Someone who routinely solves problems also responds to the concept 'security' in a different way from that of his conformist contemporaries.
In 1958 research conducted at U.C.L.A. among artists, architects, engineers with an unusually large number of patents, composers, musicians,
writers, research scientists doing breakthrough work, has shown that one characteristic all of these people seem to have in common
(regardless of their financial status) is that almost all of them are under-insured compared to standards set by the population at large. Creative
individuals usually attempt to find security within themselves, rather than by paying $18-95 a month.
Until they enter school, most people seem to be about equally adept at solving problems. Then the inherent ability to create becomes inhibited
by perceptual, cultural, associational, and emotional blocks.
Perceptual blocks are listed here only in order to point out their existence. A dichotomously colour-blind person, for instance, has a slight
perceptual block in the area of seeing. Trichotomous colour-blindness constitutes a more serious block, whereas glaucoma, cataracts, and

other phenomena leading to total blindness constitute total perceptual blocks to seeing. Deafness is a complete perceptual block to hearing.
Often the psychological inability to use all the senses in observing data will lead to complete blocking. These perceptual blocks, if curable at
all, are entirely in the province of the doctor, the surgeon, the psychiatrist.
Cultural blocks, as the name implies, are imposed upon an individual by his cultural surrounding. And in each society a number of taboos
endanger independent thinking. The famous Eskimo nine-dot problem which can befuddle the average Westerner for hours on end is solved
by Eskimo children within minutes because Eskimo space concepts are quite different from ours. Professor Edward Carpenter explains how
the men of the Aklavik tribe in Alaska will draw reliable maps of small islands by waiting for night to close in, and then drawing the map by
listening to the waves lapping at the island in the dark. In other words, the island's shape is discerned by a sort of primitive radar. In Eskimo
art we are sometimes confused, for we have lost the
Another problem of cultural blocking has been stated by a manufacturer of toilet bowls as follows: while the average American changes his
automobile every two and a half years, gets a new suit about every nine months, buys a refrigerator every ten years, and even changes his
residence about every five years, he never buys a new toilet bowl. If one could design the sort of bowl that would make people want to 'trade
in' their old one, this industry would benefit greatly. At first sight this seems to be a phoney job, calling for artificially created obsolescence.
And two answers to it immediately jump to the mind of the 'stylist'. The 'Detroit approach': possibly providing the bowl with tail fins and vast
chrome ornamentation. Another would be the 'Toilet bowls are fun' approach: imprinting the surface with, say, little flowers, birds, or what
have you. But intelligent research soon showed that all toilet bowls are too high (medically speaking). Ideally, people should assume a lower,
squatting position when using this utensil. This can be achieved in two ways: by raising the floor or lowering the bowl. As the client was in
the business of manufacturing toilet fixtures, a new lower bowl was designed and built for him. In spite of the obvious medical and sanitary
advantages of this, in spite of the fact that now there existed a real reason for buying new toilet bowls, the design was rejected. The
manufacturer felt that in this area the cultural block in the public mind was too great, and that it would be impossible for him to advertise his
product. This is not an anecdote in somewhat poor taste, but rather an example of a very definite cultural block: the product could have been
advertised easily in, say, Finland or Japan. Cultural blocks operating in this area can be extremely counter-productive. On Earth Day, 1970, it
was suggested that people might place two or three bricks in the water tanks of their toilets and thus cut down on the amount of water used
each time.
Here again I was able to suggest a redesign. Because what one does while sitting on a toilet differs in both quantity and quality, it seemed
simple to redesign the apparatus so that one could select whether a great deal or only a minimal amount of water was needed for flushing.
This concept again was rejected by my client - a man who makes his living manufacturing toilet bowls - as being 'in bad taste'. Here again the
temptation for the designer is just to go ahead and design a product such as the one outlined above, and in this way encourage consumerism.
A better strategy is to give the public a series of comparable choices. In the above case this meant providing the redesigned water-saving toilet
bowl for those consumers (such as construction firms, housing developers, etc.) about to buy one. At the same time an insert was designed
that would have been marketed for under $10 to modify existing bowls to use less water. Finally, the option of just sticking two or three
bricks in the water tank would still have been open to people so inclined.
The cultural taboo about elimination processes has made other developments difficult as well. Toilet tissue is made of paper so constituted

that an enormously large quantity of water has to be used in its manufacture. For reasons now obscure to anyone, rolls of toilet paper are of a
given width. By reducing this by one inch, millions of gallons of water would be saved daily in the manufacturing process, without cutting
down on the function of the tissue itself. Yet here is another idea that is ecologically sound but has gone begging.
If I now try to escalate these examples from the disposal of faecal matter to its constructive use, still more people are turned off. Whenever
the concept of recycling body wastes is brought up (for instance in a discussion of space capsules or space stations), people become disturbed.
It is useful to remember that, on Life- raft Earth, everything we breathe, drink, eat, wear, or use has gone through billions of digestive systems
since the planet was first formed. Our cultural blocks in this area tend to affect our thinking, our thinking affects our acts. We think of streams
and lakes as 'polluted by urban wastes', we use words like 'sludge' and are appalled to find that our water sources are 'poisoned' by human
excrement. We are confused, as with the better mouse- trap mentioned earlier, about whether we want to get rid of excrement or just separate
it from our drinking supply.
I am suggesting that the entire field of anaerobic and aerobic digestion has been completely neglected. At the time of this writing (December
1970), only three major scientists are involved in studying the entire methane-generating process. Aside from occasional paragraphs in The
Whole Earth Catalogue about solitary British eccentrics who manage to power their auto- mobiles from chicken droppings, the public is
largely unaware of the gigantic energy sources that can be mined from our bodily processes of putrefaction, digestion, and waste-making. Yet
the recycling of this energy, it seems to me, would be the first logical step in establishing a new life-style.
It is well within the ability of contemporary research technology to develop a prime energy converter which, by using anaerobic digestion
systems, would make a house truly independent of all external connections. In looking through the news- papers of communes and alternative
societies, I have always thought it pathetic that much of their gear (transformers, pumps, high-fidelity components, light generators,
projectors, etc.) still has to plug in somewhere. The use of biological recycling for energy would not only make true independence possible,
but also bring about a breakthrough in ecology. It is curious that virtually no research is going on in this area. It is unimportant whether the
research is lacking because the field of study is simply too vast, or whether there is some gigantic conspiracy of power among oil companies
to suppress such study. The point is rather that we are dealing with an area that the public has been taught to think of as 'filthy', hence enquiry
is aborted by a cultural block.
Much of this has already been tried, but usually just on an individual level. Dr George W. Groth Jr, maintains 1,000 pigs in confinement on
his farm near San Diego, California. The pig manure operates a lo-kilowatt war-surplus generator, which provides all the electricity needed
for both light and power. The liquid manure pit has been capped, and the sewer gas is tied to a gas engine. Hot water from the engine's
cooling system runs through 300 feet of copper tubing coiled inside the pit. A temperature of between 90° and 100° is maintained, which
provides the best temperature for maximum 'digestion'. A tiny pump, running off the fan-belt pulley, circulates the water. A complete
digestion cycle takes about twenty days, but once the process is an on-going one, it is also continuous. Besides providing electric power, the
system has virtually no odour, and attracts no flies. Finally, the manure at first breaks down into simple organic compounds like acids and
alcohols. Ultimately, as there is no air, it breaks down into water, carbon dioxide, and methane gas. Experiments of this sort have also been
tried in Asia and Africa.

It seems clear that this design strategy can give us a way of using up human and animal waste by converting this material into power sources
and recycling what is left. It is curious that what little has been written about it so far has appeared mostly in the underground press and
alternative life-style papers.
Associational blocks operate in those areas where psychologically predetermined sets and inhibitions, often going back to our earliest
childhood, keep us from thinking freely. An experiment, well known and several years old, will illustrate this point.
In one of our Eastern colleges a six-foot-long steel pipe with a diameter of 1.5 inches was immovably fixed into the cement floor of a
basement, so that one foot of the pipe was below floor level and 5 feet stuck straight up. A ping-pong ball was then introduced into the pipe,
so that it would rest at the bottom, 6 feet from the top opening. Placed in the room were a miscellaneous collection of tools, utensils, and
gadgets. One thousand students were introduced into the room, one at a time, and asked to find some method for getting the ping-pong ball
out of the pipe. The attempts to solve the problem were as various as the students themselves: some tried to saw through the pipe, which
proved too strong; others dripped steel filings on to the ping-pong ball and then went 'fishing' for it with a magnet, finding that the magnet
would adhere to the pipe wall long before it could be lowered all the way down. The attempt was made to raise it with a piece of chewing
gum on a piece of string, but enough pendulum action was acquired in raising it so that the ball would inevitably drop off. To stick a series of
soda straws together and try to 'suck' it up also proved impossible. But sooner or later almost all of the students, 917 out of 1,000 (a
respectable performance indeed) found a mop and a bucket of water in a corner, poured the water into the pipe, and floated the ball to the top.
This, how- ever, was only the control group.
A second series of 1,000 students were then asked to solve the problem again; conditions remaining unchanged with one slight exception. The
bucket of water was removed, and the psychologists substituted an antique rosewood table on which a finely cut crystal pitcher of water, two
glasses, and a silver tray rested. Out of the second group only 188 solved the problem correctly. Why ? Obviously because over 80 per cent in
this group failed to 'see' the water. The fact that a crystal pitcher standing on a rosewood table is more noticeable than a pail in a corner is
obvious. What we mean to imply is that the second group failed to make the associational link between water and a flotation method. The
associational gap was a much more difficult one to make with the handsome pitcher than with the pail, even though normally we are not given
to pouring water out of a bucket to float ping-pong balls either.
Shortly after the end of World War II, Raymond Loewy Associates designed a small home fan and succeeded in making the action truly
noiseless. To their consternation, consumer response soon forced this design organisation to introduce a new gear into the fan that would give
off a slight sound, since the average American housewife associated noise with cooling action and felt that a totally noiseless fan did not
provide enough cool air.
Sometimes, the specific training that people have gone through professionally may establish even stronger associational blocks. When faced
with the front elevation and the right side elevation of this object, and asked to draw a correct plan view or perspective, architects, engineers,
and draftsmen usually fail at a higher rate than that among people untutored in these fields. The correct answer to this particular problem is
interesting for another reason as well. Two answers are equally correct, and, depending on which one is given, it becomes possible to see
whether the student has arrived at a solution through a species of creative analysis or 'sudden insight'. The reasoning behind giving answer

number one runs somewhat as follows: 'The right side elevation does not really work; it should be a centre section. Therefore, since it would
work perfectly as a centre section, I must find a figure where the theoretical centre section and the right side elevation are identical. After
selecting an equilateral triangle as the answer, I see that the front edge will show up as a line in the front elevation. By rounding this off, the
line disappears and the problem is answered correctly.' In the second case the equally right (but mathematically speaking much more 'elegant')
answer is arrived at through sudden insight and intuition.
Needless to say, the particular associational block that keeps people from answering this problem correctly, using either solution, lies in the
fact that they set up a totally false, not specified, 90° angle relationship and therefore visualise the figure as being rectangular or square.
'Rectangularity' or 'squareness', then, is the basic block which the solver himself has built into the problem.
Emotional blocks may be the most difficult to overcome. The fear of making a mistake, the fear of making a fool of oneself, a pathological
desire for security with an attendant unwillingness to gamble or pioneer, lack of drive to carry an idea through, be- cause of the possibility of
eventual failure - all these fall into this category. Other blocks in this area are a deep-seated feeling of inferiority in regard to creation forcing the designer to 'grab the first idea' instead of exploring several alternative solutions - fear of fellow designers, teachers, students, etc.
These points will recapitulate what has been established so far:
1. With constant pressure towards less individualism and greater conformity forced upon our society by mass advertising, mass media, mass
production, and automation, the ability to solve problems in new and unexpected ways is becoming increasingly rare.
2. In a fast-accelerating, increasingly complex society, the designer is faced with more and more problems that can be solved only through
new basic insights.
3. Design graduates leave our schools with some know-how, a great many skills, and a certain amount of aesthetic sensitivities, but with
almost no method for obtaining any basic insights.
4. They find themselves unfit to solve new problems because of perceptual, cultural, associational, and emotional blocks. These blocks are the
direct result of the constantly accelerating rat-race towards conformity and so-called 'adjustment'.
5. This race is not only inimical to all true design creativity but, in a wider sense, violates the very survival characteristics of the human
species.
6. The various blocks are not inherited parts of the personality structure but rather learned, limiting, and inhibiting factors.
Our job then becomes one of establishing methods of doing away with these blocks. By repeatedly facing students and young designers with
problems far enough removed from everyday reality so as to force them into entirely new thinking patterns, new cortical associations (both
feet firmly planted on a pink cloud), by constantly pointing out to them the nature of the various blocks, it is possible to help them realise

their creative design potential. By forcing them into solving problems that have never been solved before, lying outside normal human
experience, a habit pattern is slowly established, a habit pattern of solving problems without the interference of blocks (since, with problems
removed from everyday experience, blocks cannot operate) and these habit patterns are then carried over into the solving of all problems,
familiar or not.
What constitutes a 'totally new problem, outside all previous human experience' ? If we are asked to design some fabulous animal unlike any
we are familiar with, we will probably end up with something possessing the body of a horse, the legs of an elephant, the tail of a lion, the
neck of a giraffe, the head of a stag, the wings of a bat, and the sting of a honeybee. In other words, we have really put a lot of familiar things
together in a totally unworkable, unfunctional, unfamiliar way. This is not solving a problem. If, on the other hand, we are asked to design a
bicycle for a man with three legs and no arms we can now solve a specific functional problem far enough removed from everyday previous
experience to become valuable in this context.
The late Professor John Arnold, first at M.I.T. and later at Stanford, pioneered in this field with students in engineering and product design.
Most famous of his problems is probably the 'Arcturus IV project: here the class is given voluminous reports regarding the inhabitants of the
fourth planet in the Arcturus system, as well as the planet itself. An extraordinarily tall, slow- moving species descended from birds, these
mythical inhabitants possess many interesting physiological characteristics. They are hatched from eggs, possessed of a beak, have bird-like,
hollow- bones, with three fingers on each hand and three eyes, the centre one of which is an X-ray eye. Their reaction speed is almost ten
times as slow as that of human beings, the atmosphere they breathe is pure methane. If a class is now asked to design, say, an automobile-like
vehicle for these people, important and totally new limits within which to design are immediately established.
Obviously a gasoline gauge is unnecessary, since the Arcturians can always see through the gas tank with their X-ray eye. What about a
speedometer ? Obviously top speed will have to be in the neighbourhood of 8 miles per hour since otherwise, with their slow reaction speed,
the danger of crashing into another vehicle before being able to react is always present. Perceptually, however, such a people would
experience the gradations of speed (up to 8 miles per hour) much as we experience the speed range in our own automobiles. The answer here
then seems easy: sub- divide a speedometer dial. But what kind of a numerical system would people use who have three fingers on each hand
and three eyes: decimal, duodecimal, binary, sexagesimal? As these vehicles will be built on earth and exported to Arcturus IV, should they
use a standard gasoline engine shielded against a methane atmosphere, or must a new type of engine, specifically designed to operate
optimally in methane, be designed ? What of the overall shape of the vehicle ? Should it be egg-shaped (a simple and sturdy form resolved
when aerodynamics are of no importance), or would putting the Arcturians into an egg-shape become, psychologically speaking, a return to
the womb, lulling them into a false feeling of security, and, therefore, be imposing the worst possible shape in terms of vehicular safety ?
Maybe our design consideration then becomes one of a shape as unlike an egg as possible - a difficult order to fill indeed!
Arcturus IV is just one of many problems evolved by Professor Arnold and, from the all-too-brief analysis of some of the possible approaches
to it, it will be seen that, while fantastic and science-fictional in content, it is nonetheless a serious approach to creative problem-solving.
An even richer and more fertile area for problem statements can be derived from nature. In Chapter Five, I discuss the use of artificial burrs as
part of a soil-erosion control device. In Chapter Nine, the flight and spiralling behaviour of various seeds will be discussed in greater detail.

It can be seen from the foregoing that the 'how' in teaching design creativity must consist largely of establishing a milieu in which new
approaches can flourish. What has been the function of the school and education in general in this context ? It has presented the cultural status
quo of its time by dispersing whatever mass of data is currently acceptable as 'truth'. It has never concerned itself with the individual human
brain; rather, the tremendous variation in human minds has been taken into ac- count only as something to be flattened out so that the
particular curriculum or theory in vogue at the moment can be 'sold' with minimal effort. We have failed to recognise that discovery,
invention, original thought are culture-smashing activities (re- member E = mc2?) whereas so-called education is a culture- preserving
mechanism. By its very nature, education, as of now, cannot sponsor any vital new departures in any facet of our culture. It can only appear to
do so to preserve the sustaining illusion of progress.
One of the major problems of successfully utilising creative imagination is that 'newness' often implies experiment, and experiment implies
failure. In our success-oriented culture, the possibility of failure, although an unavoidable concomitant of experiment, works against the
matrix. The creative designer, then, must be given not only the chance to experiment, but also the chance to fail. The history of all our
progress is littered with a history of experimental failures. This 'right to fail', however, does not absolve the designer from responsibility.
Here, possibly, is the crux of the matter: to instil in the designer a willingness for experimentation, coupled with a sense of responsibility for
his failures. Unfortunately, both a sense of responsibility and an atmosphere permissive to failure are rare indeed.
A more ideal creative-design environment will consist of habituating designers and students to work in areas where their many blocks and
inhibitions cannot operate, and this will imply a high tolerance level for experimental failure. Furthermore, it must mean the teaching and
exploring of basic principles which, by their very nature, have no immediate application. This calls for a 'suspension of belief in ready
answers, and in the glib, slicked-up Kitsch that characterises most of the design work coming out of schools and offices.
Unfortunately, our society is so structured that all of this is easily possible, paradoxical as this may sound. We need not journey to Arcturus
IV to face designers and students with something completely outside their familiar experiences. All we have to do is to design for low-income
families. For while de- signers have addressed themselves to the fads of the middle and upper bourgeoisie, it has also lately become
fashionable to do a little bit of token designing for selected 'house niggers' representing the poor. Meanwhile, we have lost sight of the fact
that a very substantial part of our population is discriminated against in a more subtle fashion.
I am questioning, then, the entire currently popular direction of design. To 'sex-up' objects (designers' jargon for making things more
attractive to mythical consumers) makes no sense in a world in which basic need for design is very real. In an age that seems to be mastering
aspects of form, a return to content is long overdue.
Much of what is suggested throughout this volume in the way of alternative areas for attack by designers also has the useful quality that it will
be new to designers and students alike. If (within the meaning of this book) we do that which seems right, we will also develop our ability to
see things in a new way and to do things that are new.

HOW TO SUCCEED IN DESIGN
WITHOUT REALLY TRYING:
Areas of Attack for Responsible Design
One cannot build life from refrigerators, politics, credit statements and crossword puzzles. That is impossible. Nor can one exist for any
length of time without poetry, without colour, without love.
ANTOINE DE SAINT-EXUPERY
Industrial design differs from its sister arts of architecture and engineering. Where architects and engineers are hired to solve problems,
industrial designers are often hired to create new ones. Once they have succeeded in building a new dissatisfaction into people's lives, they are
then prepared to find a temporary solution for it.
The basic performance requirements in engineering have not really changed too much since the days of Archimedes: be it an automobile jack
or space station, it has to work, and work optimally at that. While the architect may use new methods, materials, and processes, the basic
problems of human physique, circulation, planning, and scale are as true today as in the days of the Parthenon.
As we move further into our age of mass production, design has become ubiquitous. All of our means of communication, transportation,
consumer goods, military hardware, furniture, packages, medical equipment, tools, utensils, etc., are designed for us. With a present worldwide need of 472 million individual family living units, it can be safely predicted that even 'housing', still built individually by hand, will
become a fully industrially designed mass-produced consumer product within a decade.
What is the contemporary architect, if not a master assembler of elements ? At his elbow is Sweet's Catalogue, the twenty-six bound volumes
that list most building components, panels, mechanical equipment, etc., that occupies an honoured place on the shelves of most architects'
libraries. With its help, he fits together a puzzle called 'house' or 'school' or whatever, by plugging in components - designed, for the most
part, by industrial designers and listed conveniently among the 10,000 entries in Sweet's. Where his predecessors might have used marble
fasciae, he substitutes aluminium sandwich panels filled with polystyrene. (It is instructive to note that the handful of architects attempting to

design and build in a Wrightian, original, and innovating manner, Bruce Goff, Paolo Soleri, Herb Greene, et al., have actually collectively
built 0-3 houses annually.) Quite naturally some of the largest architectural offices, which have a budget permitting the use of a 1401-1410
computer set-up, merely feed all of Sweet's pages as well as the economic and environmental requirements of the job into the computer, and
let the computer 'design' the building. With endearing candour, some architects have taken pains to explain that 'the computer does an
excellent job'.
At other times, as in the case of the new TWA Terminal at Kennedy International Airport, the architect may create what is no more than a
three-dimensional trademark, an advertisement through which people are fed, but whose function it is to 'create a corporate image' for the
client, rather than provide minimal comfort and facilities for passengers. Having been trapped at the TWA Terminal during a fifteen-hour
power blackout, I can vouch for the inability of this sculptural 'environment' to process men, food, water, waste, or luggage.
One of the difficulties with design-by-copying, design through eclecticism, is that the handbooks, the style manuals, and computer banks
continuously obsolesce, go out of style, and become old-fashioned and irrelevant to the problem at hand. Further- more, not only aesthetics is
eliminated in designing via Sweefs and/or the computer: 'The Concert Hall and the Moonshot Syn- drome', by William Snaith in his
Irresponsible Arts, gives an excellent example of this.
The lacy mantles and Gothic minarets of Edward Durell Stone and Yamasaki are little more than latter-day extensions of the Chicago Fair of
1893. Frothy trifles, concocted to re-inject neo- romanticism into our prefabricated, pre-chewed, and predigested cityscape, can nonetheless
be unconsciously revealing. For who could see Yamasaki's soaring Gothic arches at the Seattle Science Pavilion without realising that here
science was at last elevated through glib design clichés to the stature of religion ? One almost expected Dr Edward Teller to appear one
Sunday morn, arrayed in laboratory vestments, and solemnly intone: (E = mc2).
If the need for some 472 million housing units around the world is to be met, surely the answer lies in mass-production techniques and totally
new concepts. The architect as supreme master builder, or the architect who defiles this fair land with gigantic sterile file cabinets, ready to be
occupied by interchange- able people, or the speculative builder with his 'boxes, little boxes' all are anachronisms in the seventies.
Buckminster Fuller, Jim Fitzgibbon of Synergetics, Inc., and a few other bold experimenters would shudder at the appellation 'architect'. But
they are the type of designer whose comprehensive inventory of resources and needs in terms of global men, materials, tools, and processes
will give us the industrially de- signed shelter of tomorrow.
When Moshe Safdie designed and built Habitat, an example of a radically new type of shelter, for the Montreal Exposition of 1967, he was
among the first architect-planners who attempted to use a modular building system intelligently. Habitat has often been faulted for being both
too expensive and too complex. In reality Habitat is probably the least expensive and at the same time most varied system that can be devised,
and it is instructive to note that the Canadian Exposition Board made it impossible to build more than one-third of the units. The strength of
Habitat lies in the fact that once a large amount of money has been invested in basic building and handling equipment, the system then begins
to pay for itself as more units are built. For a fuller understanding of the Habitat system, see Safdie's two newer projects in Puerto Rico and
Israel (cf. R. Buckminster Fuller's Nine Chains to the Moon - page 37, and Moshe Safdie's book, Beyond Habitat).

Hemlines go up and hemlines go down, the pneumatic sweater girl of the forties changed to the shaggy, bulky look of the fifties, only to be
replaced by the glistening, jack-booted, vinyl-clad teeny-bopper of the sixties; and necklines, we are promised, will plunge more deeply soon.
Our young lady, window shopping in front of Paraphernalia Inc., fully equipped with her 'Frankly Fake Fur' miniskirt, electronic bra, black
lace stockings and spike-heeled gold boots, has now finally emerged full-blown from the pages of Sacher-Masoch and Krafft-Ebing, read as
arbiters of turned-on fashion. Men, gyrating from the 'Bold' to the 'Ivy- League' to the 'Continental' to the 'Carnaby Street' and later the 'Virile'
look, have also been at the mercy of fashion stylists. But here again, as in architecture, the industrial designer has entered the field of design
for clothing through the back door, creating disposable work gloves (200 to a roll), ski boots, space suits, protective throw-away clothing for
men handling radioactive isotopes, combat suits, and scuba gear. Lately, with the introduction of 'breathing' and therefore really usable leather
substitutes, much of the boot, belt, handbag, shoe, and luggage industry, too, is turning to the product designer for help. New techniques in
vacuum forming, slush moulding, gang turning, etc., make mass- production design possible for products traditionally associated with
handcrafted operations.
Thus tool, shelter, clothing, and breathable air and usable water are not only the job but also the responsibility of the industrial designer.
Mankind is unique among animals in its relationship to the environment. All other animals adapt themselves autoplastically to a changing
environment (by growing thicker fur in the winter, or evolving into a totally new species over a half-million-year cycle); only mankind
transforms earth itself to suit its needs and wants (alloplastically). This job of form-giving and reshaping has become the designer's
responsibility. A hundred years ago, if a new chair, carriage, kettle, or a pair of shoes was needed, the consumer went to the craftsman, stated
his wants, and the article was made for him. Today the myriad objects of daily use are mass-produced to a utilitarian and aesthetic standard
often completely unrelated to the consumer's need. At this point Madison Avenue must be brought in to make these objects desirable or even
palatable to the mass consumer.
With products produced by the millions, mistakes too are multiplied a million times, and the smallest decision in design planning may have
far-reaching consequences.
A simple example will suffice: Let's assume that the designers concerned with automotive styling in Detroit decide to move the car ashtray
just 11 inches to the right, in order to establish greater 'dashboard symmetry'. And the results ? Twenty thousand Americans killed outright
and another ninety thousand maimed on our highways within five years. Almost an eighth of a million deaths and major accidents, caused by
the driver being forced to reach just ii inches further, thus diverting attention from the road for an extra 1/50 seconds. These figures are an
extrapolation of the Vehicular Safety Study Program at Cornell University. It is interesting to note in this connection that, at the time of this
writing, a General Motors executive has said that CGM bumpers offer one hundred per cent protection from all damage (and are therefore
safe) if the speed of the car does not exceed 2.8 m.p.h.’ (my italics). Meanwhile, the president of Toyota Motors is building a $445,000 shrine
to 'honour the souls of those killed in his cars'. (Quoted in Esquire magazine, January 1971.)
Consider the home appliance field. Refrigerators are not de- signed, aesthetically or even physically, to fit in with the rest of the kitchen
equipment. Rather, they are designed to stand out well against competing brands at the appliance store and scream for the consumer's
attention.

Through wasting design talent on such trivia as mink-covered toilet seats, chrome-plated marmalade guards for toast, electronic fingernailpolish dryers, and baroque fly-swatters, a whole category of fetish objects for an abundant society has been created. I saw an advertisement
extolling the virtues of diapers for parakeets. These delicate unmentionables (small, medium, large, and extra large) sell at $1 apiece. A longdistance call to the distributor provided me with the hair-raising information that 20,000 of these zany gadgets are sold each month.
In all things, it is appearance that counts, form rather than content. Let us go through the process of unwrapping a fountain pen we have just
purchased as a gift. At first there is the bag provided by the store. Nestled in it is the package, cunningly wrapped in foil or heavily embossed
paper. This has been tied with a fake velvet ribbon to which pre-tied bows are attached. The corners of the wrapping paper are secured with
adhesive tape. Once we have removed this exterior wrapping, we come upon a simple grey cardboard box. Its only function is to protect the
actual 'presentation box' itself. The exterior of this little item is covered with a cheap leatherette that looks (somewhat) like Italian marble. Its
shape conjures up the worst excesses of the Biedermeier style of Viennese cabinetry during the last and decadent stages of that lamentably
long period.
When opened, the vistas thus revealed would gladden the heart of Evelyn Waugh's The Loved One, for they match the interior appointments
of a Hollywood-created luxury coffin to a nicety. Under the overhanging (fake) silk lining, and resting on a cushion of (phony) velveteen, the
fountain pen is at last revealed in all its phalliform beauty. But wait, we are not yet done. For the fountain pen itself is only a further
packaging job. A recent confection of this type (selling for 75 bucks) had its outer casing made not of mere silver, but out of silver obtained
by melting down ancient 'pieces of eight' recovered, one must assume, at great expense from some Spanish galleon fortuitously sunk near the
Parker Pen factory three centuries ago. A (facsimile) map giving the location of the sunken ship and tastefully printed on (fake) parchment,
was enclosed with each pen.
However, whatever the material of the pen-casing, within it we find a polyethylene ink-cartridge (cost, including ink, 3c) connected to a nib.
Thus, more than 80 per cent of the material consists of packaging, totalling (minimally) 90 per cent of the cost.
This example could be easily duplicated in almost any other area of consumer goods: the packaging of perfumes, whisky decanters, games,
toys, sporting goods, and the like. De- signers develop these trivia professionally and are proud of the equally professional awards they
receive for the fruits of such dedicated labour. Industry uses such 'creative packaging' - this, it is useful to note, is also the name of a magazine
addressed to designers - in order to sell goods that may be shabby, worthless, or just low in cost, at grossly inflated prices to consumers. In the
case of the silver pen cited above, the retail price of the silver pen in its package is approximately 145,000 per cent higher than the cost of the
basic writing tool. We may say that inexpensive pens are, after all, available, and that the example mentioned merely illustrates 'freedom of
choice'. But this 'freedom of choice' is illusory, for the choice is open only to those to whom the difference between spending $75 or 19c is
immaterial. In fact, a dangerous shift from primary use and need functions to associational areas has taken place here, since in most ways the
19c ball-point pen out-performs the $75 one. Additionally the tooling, advertising, marketing, and even the materials used in packaging
represent such an exercise in futile waste-making that it cannot be countenanced in today's world. Well, what should package designers do ?
As agricultural tools and implements, building components, and the like are shipped to the Third World, another need emerges in the field of
package design: a way of imposing sequentially hierarchic assembly procedures on illiterate people, through the way in which the package

surrounding the parts opens or unfolds. Anyone who has seen the huts hammered together out of flattened oil tins that provide shelter for
millions of people throughout South America and South Africa must have asked himself why oil (and other raw materials) are not shipped in
containers more suitable as building components. Re-use and different-use packaging is another major design challenge (for those package
designers who feel like participating in rational work).
Only a handful of American corporations and design offices are seriously engaged in facing up to challenges such as global minimal shelter
needs, off-road vehicles for roadless terrain (84 per cent of the earth's land surface has no roads), new and com- pact teaching and training
equipment geared to a society changing from a pre-literate one to a post-literate electronic one, and all on 1 HP per capita. The list is endless:
power sources, basic medical, surgical and sanitation devices, food storage, communications, etc.
Several years ago I was approached by representatives of the United States Army and told of their practical problems concerning parts of the
world (like India) where entire populations are illiterate and living on extremely low power levels. In many cases this means that the largest
percentage of the population are unaware of even .so basic a fact as their living in India. As they can- not read, and as there is neither enough
power for radios, nor money for batteries, they are effectively cut off from all news and communication. I designed and developed a new type
of communications device.
An unusually gifted graduating student, George Seegers, did all the electronic work and built the first prototype. It is a one- transistor radio,
using no batteries or current, and designed specifically for the needs of developing countries. The unit consists of a used tin can. (As
illustrated in this book, a used juice can is shown, but this is no master plan to dump American 'junk' abroad: there is an abundance of used
cans all over the world.) This can contains wax and a wick which will burn (just like a wind-protected candle) for about twenty-four hours.
The rising heat is converted into enough energy (via thermocouple) to operate an ear-plug speaker. The radio is, of course, non-directional.
This means that it receives all stations simultaneously. But in emerging countries, this is of no importance: only one broadcast (carried by
relay towers placed about fifty miles apart) is carried. Assuming that one person in each village listens to a 'national news broadcast' for five
minutes daily, the unit can be used for almost a year until the original paraffin wax is used up. At that time more wax, wood, paper, dried cow
dung (which has been successfully used as a heat source for centuries in Asia, but for that matter anything else that burns will also work) will
continue the unit in service. All the components: ear-plug speaker, hand- woven copper radial antenna, a 'earth' wire terminating in a (used)
nail, tunnel-diode, thermocouple, etc., are packed in the empty upper third of the can. The entire unit can be made for just below 9c (U.S.).
It is, of course, much more than a 'clever little gadget'. It is a fundamental communications device for pre-literate areas of the world. After it
was tested successfully in the mountains of North Carolina (an area where only one broadcast is easily received), the device was demonstrated
to the Army. They were shocked.
'What if a Communist', they asked, 'gets to the microphone ?' The question is meaningless, since the most important business before us is to
make information of all kinds freely accessible to the people. After further developmental work, I gave the radio to UNESCO. UNESCO in
turn would like to see it made and used in villages in Indonesia. No one, neither the designer, nor UNESCO, nor any manufacturer, makes any
profit or percent- ages out of this device since it is manufactured as a Cottage industry' product.

In 1966 I showed colour slides of the radio at the Hochschule fur Gestaltung, at Ulm in Germany. It was interesting to me that nearly all the
professors walked out (in protest against the radio's 'ugliness' and its lack of 'formal' design), but all the students stayed. Of course, the radio is
ugly. But there is a reason for this ugliness. It would have been simple to paint it ('grey', as the people at Ulm suggested). But painting it
would have been wrong. For one thing, it would have raised the price of each unit by maybe one-twentieth of a penny each, which is a great
deal of money when millions of radios are built. Secondly, and much more importantly, I feel that I have no right to make aesthetic or 'good
taste' decisions that will affect millions of people in Indonesia, who are members of a different culture.
The people in Indonesia have taken to decorating their tin-can radios by pasting pieces of coloured felt or paper, pieces of glass, and shells on
the outside and making patterns of small holes towards the upper edge of the can. In this way it has been possible to by-pass 'good taste',
design directly for the needs of the people, and 'build in' a chance for the people to make the design truly their own.
This is a new way of making design both more participatory and more responsive to people in the Third World. It is true that during the fifties
some large design offices, such as Chapman & Yamasaki of Chicago, Joe Carreiro of Philadelphia, and others, performed design development
work in under- developed countries at the request of the State Department. But their work was largely in the area of helping young nations to
design and manufacture objects that would appeal to the American consumer. In other words, they did not design for the needs of the people
of Israel, Ecuador, Turkey, Mexico, etc., but rather for the fancied wants of American purchasers.
Our townscape as well bears the stamp of irresponsible design. Look through the train window as you approach New York, Chicago, Detroit,
Los Angeles. Observe the miles of anonymous tenements, the dingy, twisted streets full of cooped-up, unhappy children. Pick your way
carefully through the filth and litter that mark our downtowns or walk past the monotonous ranch houses of suburbia where myriad picture
windows grin their empty invitation, their tele-viscous promise. Breathe the cancer-inducing exhaust of factory and car, watch the strontium90 enriched snow, listen to the idiot roar of the subway, the squealing brakes. And in the ghastly glare of the neon signs, under the spiky TV
aerials, remember, this is our custom-designed environment.
How has the profession responded to this situation ? Designers wield power over all this, power to change, modify, eliminate, or evolve
totally new patterns. Have we educated our clients, our sales force, the public? Have designers attempted to stand for integrity and a better
way ? Have we tried to push massively for- ward, not only in the market-place but in the affections of needy people of the world?
Listen in on a few imaginary conversations in our design offices:
'Boy, wrap another two inches of chrome around that rear fender!'
'Somehow, Charlie, the No. 6ps red seems to communicate freshness of tobacco more directly/
'Let's call it the "Conquistador" and give people a chance for personal identification with the sabre-matic shift control!'
'Jesus, Harry, if we can just get them to PRINT the instant coffee right on to the paper cup, all they'll need is hot water!'

'Say, how about roll-on-cheese ?'
'Squeeze-bottle Martinis ?'
'Do-it-yourself shish-kebab kits, with disposable phenolic swords ?'
'Charge-a-plate divorces.'
'An aluminium coffin, communicating "nearness-to-God" (non-denominational) through a two-toned anodized finish ?'
'A line of life-sized polyethylene Lolitas in a range of four skin shades and six hair colours ?'
'Remember, Bill, the corporate image should reflect that our H-bombs are always PROTECTIVE!'
These imaginary conversations are quite authentic: this is the way designers talk in many offices and schools, and this is also the way in
which new products often originate. I might add that industrial designers actually enjoy reading such dialogues. One proof of this authenticity
is that, of the eleven idiocies listed above, all but two - charge-a-plate divorces and 'protective' H-- bombs - are now on the market.
You may wonder if this isn't just a hysterical outburst, directed towards some of the phonier aspects of the profession ? Are there no dedicated
designers working away at jobs that are socially constructive ? The truth is that, of all the articles in the professional magazines, of all the
talks at design conferences, few in- deed have dealt with professional responsibilities, responsibility going beyond immediate market need.
The latter-day witch doctors of market analysis, motivation research, and subliminal advertising have made dedication to meaningful
problem-solving rare and difficult.
The philosophy of most industrial designers today is based on five myths. By examining these, we may come to understand the real
underlying problems:
1. The Myth of Mass Production: In 1966, 16 million easy chairs were produced in the United States. But if we divide this number by the
2,000 manufacturers of such chairs we find that, averaging it out, only 8,000 chairs could have been produced by each manufacturer. If we
further realise that each manufacturer has, on the average, ten different models in his line, this reduces our number to only 800 chairs of one
kind. If we now add the fact that furniture manufacturers' lines change twice a year, in time for the spring and autumn market showings, we
will find that, on the average, only 400 units of any given chair were produced. This means that the designer, far from working for 200
million people (the market he is trained to think about) has, on the average, worked for 1/5,000th of 1 per cent of the population. Let's contrast
this with the fact that in backward and under- developed areas of the world there exists a present need for close to 2 billion inexpensive, basic
seating units.
2. The Myth of Obsolescence: Ever since the end of World War II, an increasing number of responsible people in the very top levels of

management and government have voiced the myth that, by designing things to wear out and be thrown away, the wheels of our economy can
be kept turning ad infinitum and ad nauseum. This is patent nonsense. One of the healthiest companies in the United States is the Polaroid
Corporation. Even though new models of Polaroid Land cameras have replaced earlier models over the years, none of the old cameras are
obsolete because the Corporation is careful to continue manufacturing film and accessories for them. The German Volkswagen has moved
into a leading position in supplying the transportation needs of the world by carefully refraining from major style changes or cosmetic jobs.
The Zippo cigarette lighter sells at a far better rate than all other domestic lighters combined, even though (or could it be because ?) the
manufacturer guarantees to repair or replace its case and/or guts for life. (In fact, it is outsold only by foreign, point- for-point copies.) There
is ironic justice in that. For it was in 1931 that George Grant Blaisdell, a non-smoking American, noticed that some of his friends carried
wind-proof, dependable, Austrian cigarette lighters which sold in chain stores for twelve cents. He tried importing them directly and selling
them at $i apiece, but finding that the public was unwilling to pay that much during the Depression, he quit temporarily. He waited for the
patent of the Austrian model to expire and began producing it in 1935 and offering it for sale with a life-time guarantee. The Zippo lighter has
moved from an item made on $260 worth of second-hand tools, in a $10 room in Brooklyn, to a production level of 3 million units per year.
Since many of our products are beginning to be obsolesced technologically anyhow, the question of forced obsolescence becomes redundant
and, in terms of raw materials, a dangerous doctrine indeed.
3. The Myth of the People's 'Wants': Never in recent times have the so-called 'wants' of people been investigated as thoroughly by
psychiatrists, psychologists, motivation researchers, social scientists, and other miscellaneous tame experts, as in the case of the ill-fated
'Edsel'. That mistake cost $350 million and led one comedian to quip that the mistake 'was being handled by the Ford Foundation'.
The people want chrome, they like tail fins,' except that the Volkswagen and the Fiat exploded that idea thoroughly. So thoroughly, in fact,
that Detroit had to start producing compact cars a few years ago when foreign imports began to seriously affect American sales figures. As
soon as foreign imports began to drop off, compact cars were again advertised as 'the biggest, longest, lowest, most luxurious of them all'.
This stylistic extravaganza has now once more raised the number of small European cars coming into the country.
4. The Myth of the Designer's Lack of Control: We are told that it is 'all the fault of the front office, the sales department, market research',
etc. But of 150 mail-order, impulse-buying items foisted on the public during the last few years, a significantly large number were first
conceived, invented, planned, patented, and produced by members of the design profession. These pro- ducts include such inspiring items as:
‘Mink-Fer', a tube of deodorised mink droppings sold at $1-95 each as a Christmas fertiliser for 'the plant that has every- thing'.
A $1,595 electronic computer for practising golf swings. This tidy item makes it possible to play golf in the bathroom or cellar without ever
having to go outdoors at all.
A $39-95 electronic clip-on gadget that attaches to the front of the automobile and flashes the message 'You're welcome!' when the electronic
traffic light in a pay-it-yourself highway toll booth lights up to say 'Thank you'.
5. The Myth That 'Quality No Longer Counts': While Americans have for years bought German, and later, Japanese cameras, Europeans now
line up to buy Polaroid Land cameras and equipment. American 'Head' skis are outselling Scandinavian, Swiss, Austrian, and German skis

around the world. Sales of Schlumbohm's Chemex Coffee Maker are diminished only somewhat by a recent German copy of it. The United
States Army Universal Jeep designed by Willys in 1943 (since modified, and sold by American Motors) is still one of the most desirable
multi-purpose vehicles on earth; its only major foreign competitors are the British Land Rover and the Japanese Toyota Land Cruiser, both
updated and improved versions of the Jeep.
The one thing which these and some other American products that still command world leadership hold in common is a basic- ally new
approach to a problem, excellent design, and the highest possible quality.
Something can be learned from these five myths. It is a fact that the designer often has greater control over his work than he believes he does,
that quality, basic new concepts, and mass production could mean designing for the majority of the world's people, rather than for a small
domestic market. Designing for the people's needs rather than for their wants, or artificially created wants, is the only meaningful direction
now.
Having isolated some of the problems, we must ask what can be done about them. At present there are several fields in which little or no
design work is being done. These are areas that are, by their very nature, highly profitable to manufacturer and designer alike. They are areas
that promote the social good that can be inherent in design. All that is needed is a selling job, and that is nothing new to the industrial design
profession.
It is possible to outline briefly a number of important areas in which the discipline of industrial design is virtually unknown:
1. Design for Underdeveloped Areas: Over two billion people stand in need of some of the most basic tools and implements. Today more oil
lamps and other kinds are needed globally than before the discovery of electricity because there are more people without electric power alive
today than the entire global population in Thomas Edison's day. In spite of new techniques, materials, and processes, no radically new oil
lamp (or for that matter, primitive light source) has been developed for 106 years. Eighty-four per cent of the world's land surface is
completely roadless terrain. Often epidemics sweep through an area: nurses, doctors, and medicine may be only 100 kilometres away, but
there is no way of getting through. Regional disasters, starvation, and water shortages also develop frequently: again there seems to be no
good way of getting through. Helicopters work, but are far beyond the moneys and expertise available in many regions of the Third World.
Beginning in 1962, a graduate class and I developed an off-road vehicle that might be useful for such emergencies. We asked that it fulfil the
following performance characteristics:
a. The vehicle would operate on ice, snow, mud, montane forests, broken terrain, sand, certain kinds of quicksand, swamps, etc.
b. The vehicle would cross lakes, streams, and small rivers.
c. It would climb 45° inclines and transverse 40° inclines.
d. It would carry a driver and six people, or a driver and a 1,000-pound load, or a driver and four stretcher cases; finally it would be possible

for the driver to walk next to the vehicle, steering it with an external tiller, and thus carry more load.
e. The vehicle could also remain stationary and, with a rear- power takeoff, drill for water, drill for oil, irrigate the land, fell trees, or work
simple lathes, saws, and other power tools.
By inventing and testing a completely new material, Tiber- grass' [sic] - using conventional chemical fibreglass catalysts, but substituting
dried native grasses, hand-aligned, for the expensive fibreglass mats - we were able to reduce costs. Over 150 species of native grasses from
all parts of the world were tested. By also attacking the manufacturing logistics, it was possible to reduce costs still more. Various
technocratic centres were established: heavy metal work was to be done in the United Arab Republic, Katanga, Bangalore (India), and Brazil.
Electronic ignitions were to be made in Israel, Japan, Puerto Rico, and Liberia. Precision metal work and the power train were to be done in
the Chinese Democratic Republic, Indonesia, Ecuador, and Zambia. The Fibergrass body would be made by users all over the world. Several
prototypes were built (and are illustrated elsewhere in this book), and it was possible to offer the vehicle to UNESCO at a unit price of less
than $150.
But this is where responsible design must begin to operate. The vehicle worked fine, and in fact, UNESCO told us that close to 10 million
vehicles might be needed initially. But the net result of going ahead with this would have meant introducing 10 million internal combustion
engines (and consequently, pollution) into hitherto undefiled areas of the world. So we have shelved the off-road vehicle project until a better
power source is available.
(Historical footnote: as I do not believe in patents, photo- graphs of our vehicle were published in a 1964 issue of Industrial Design magazine.
Since then, more than twenty-five brands of vehicles, priced between $1,200 and $2,000, have been offered to wealthy sportsmen, fishermen,
and (as Tun vehicles') to the youth culture. These vehicles pollute, destroy, and create in- credible noise problems in wilderness areas. The
destructive ecological impact of the 'snowmobile' is detailed in Chapter Ten.)
At this point, as a result of our concern for pollution and together with a group of Swedish students at Konstfackskolan in Stockholm, we
began exploring muscle-powered vehicles. The Republic of North Vietnam moves 500-kilogram loads into the southern part of that country
by pushing these loads along the Ho Chi Minn trail on bicycles. The system works and is effective. However, bicycles were never designed to
be used in just this manner. One of our student teams was able to design a new type of vehicle, made of bicycle parts, that would be more
effective. The new vehicle is specifically designed for pushing heavy loads; it is also designed to be pushed easily uphill through the use of a
'gear-pod' (which can be reversed for different ratios, or removed entirely). The vehicle will also carry stretchers, and, because it has a bicycle
seat, it can be ridden. Several of these vehicles plug into each other to form a short train. (Photographs and sketches are reproduced
elsewhere.)
When students suggested the use of old bicycles or bicycle parts, they regretfully had to be told that old bicycles also make good
transportation devices and that parts are always needed for replacement or repair. (They may have been influenced some- what negatively by
the fact that a design student recently won first prize in the Alcoa Design Award Program by designing a power source intended for Third
World use, made of brand-new aluminium bicycle parts.)

So we designed a new luggage carrier for the millions of old bicycles all over the world. It is simple and can be constructed in & village. It
will carry more payload. But it will also fold down in 30 seconds (see illustration) and then can be used in its primary capacity for generating
electricity, irrigation, felling trees, running a lathe, digging wells, pumping for oil, etc. After this use, the bicycle can be folded up again and
returned to its primary function: a transportation device. Except that it now has a better luggage carrier.
A Swedish student built a full-size sketch model of a vehicle that is powered by the arm muscles and can go uphill. This in turn led us at
Purdue University to design an entire generation of muscle-powered vehicles that are specifically designed to provide remedial exercise for
handicapped children and adults. Photographs of these vehicles are shown in this book.
For shopping and short-distance hauling of bulky packages, I have said that a simple three-wheel bicycle with a storage compartment would
do extremely well. To help the rider in going uphill, an 'assist' motor that is electrically powered and recharge- able might be provided. I see
on page 41 of the Abercrombie & Fitch Company's Christmas catalogue for 1970 that they offer such a vehicle for sale. In fact, if necessary,
it can attain speeds of 40 m.p.h. If the rider chooses, he can (and should) pedal, of course. However, the A & F vehicle retails for $650. I have
seen it demonstrated. There is no need for the price to exceed $90. Unfortunately, one of New York's most prestigious stores has bestowed the
aura of 'Upper Westchester Status Object' on it, so the price now reflects this philosophy.
2. Design of Teaching and Training Devices for the Retarded, the Handicapped, the Disabled, and the Disadvantaged: Cerebral palsy,
poliomyelitis, myasthenia gravis, mongoloid cretinism, and many other crippling diseases and accidents affect one-tenth of the American
public and their families (20 million people) and approximately 400 million people around the world. Yet the design of prosthetic devices,
wheel-chairs, and other invalid gear is by and large still on a Stone Age level. One of the traditional contributions of industrial design, cost
reduction, could be made here. At every Rexall or Walgreen drugstore it is possible to buy a Japanese transistor for as little as $3.98
(including import duties and transportation costs). Yet as mentioned previously, pocket-amplifier-type hearing aids sell at prices between
$147 and $600 and involve circuitry, amplification needs, and shroud design not radically more sophisticated than the $3.98 radio.
Hydraulically powered and pressure-operated power-assists are badly in need of innovation and design. Robert Senn's hydrotherapeutic
exercising water float is designed in such a manner that it cannot be tipped. There are no straps or other restraint devices that would make a
child feel trapped or limited in its motions. At present hydrotherapy usually consists of having the child strapped to a rope attached to a
horizontal ceiling track. In Robert Senn's vehicle all such restraints are absent. Nonetheless, his surfboard-like device is safer (it will absorb
edge-loading of up to 200 pounds), and the therapist can move in much more closely to the child. Later, I explain further ideas we have
developed in this field.
3. Design for Medicine, Surgery, Dentistry, and Hospital Equipment: Only recently has there been responsible design development of
operating tables. Most medical instruments, especially in neurosurgery, are unbelievably crude, badly designed, very expensive, and operate
with all the precision of a snow-shovel. Thus a drill for osteoplastic craniotomies (basically a brace and bit in stainless steel) costs $125 and
does not work as sensitively as a carpenter's brace and bit available for $5-98 at Sears Roebuck. Skull saws have not changed in design since
predynastic times in Egypt. As mentioned before, one of my graduating students was able to develop a radically new power-driven drill and
saw for osteoplastic craniotomies, which, in wet labs devoted to A water vehicle designed for hydrotherapy of handicapped children.

Designed by Robert Senn, as a graduate student at Purdue University. experiments with animals, revolutionized the entire neurophysiological
field. The cost of health care for the 'poor' is rising astronomically. Regardless of who it is that absorbs these costs in the long run, the fact is
that a great deal of the high expense can be attributed directly to bad design.
From time to time, illustrations of new biomedical equipment appear. Almost invariably these are 'hi-style modern' cabinets, in nine delicious
decorating colours, surrounding the same old machine. Hospital beds, maternity delivery tables, and an entire host of ancillary equipment are
almost without exception needlessly expensive, badly designed, and cumbersome.
4. Design for Experimental Research: In thousands of laboratories doing research, most of the equipment is antiquated, crude, jury-rigged,
and high in cost. Animal immobilization devices, stereo-encephalotomies, and the whole range of stereotactic instruments need intelligent
design reappraisal.
With million-dollar grants from the National Institutes of Health, the National Research Foundation, and many other governmental and
private foundations showering largesse upon university research departments, there has been a steady and steep climb in the price of
laboratory instruments. In one case in the area of bio-electronics a simple meter lists for 8,000 per cent above the retail price of all its
components, and assembly time for the unit has been estimated at less than two hours. A company in New York manufactures a simple
electric lab timer. This unit can be purchased by amateur photographers for $8-98. The identical unit can also be purchased by research
laboratories for $172.50. A hand mixer is offered to the housewife in two versions, white enamel finish ($13-98), or stainless steel ($15-98).
For laboratory use, the same unit by the same manufacturer is listed at $115 in white enamel and $239-50 in stainless steel. Certainly this is
an area in which honest design, value engineering techniques, and cost reduction could play an important part. It might even be possible to
manufacture and sell laboratory apparatus at an honest profit, for a change.
5. Systems Design for Sustaining Human Life Under Marginal Conditions: The design of total environments to maintain men and machines is
becoming increasingly important. As mankind moves into jungles, the Arctic, and the Antarctic, new kinds of environmental design are
needed. But even more marginal survival conditions will be brought into play as sub-oceanic settlements and experimental stations on
asteroids and other planets begin to make their appearance. Design for survival in space has already become important.
The pollution of water and air and the problems of our sprawling city-smears also make a re-examination of environmental systems design
necessary.
6. Design for Breakthrough Concepts: Many of our products have by now reached a dead end in terms of further development. Designers
merely add more and more extra gadgets rather than re-analysing the basic problems and trying to evolve totally new answers. Automatic
dishwashers, in the First and Second Worlds, waste billions of gallons of water each year (in the face of a world- wide water shortage), even
though newer systems such as ultrasonic for 'separating-dirt-from-objects' are well within the state of the art. The rethinking of 'dishwashing'
as a system might not only make it easier to clean dishes, but would also help solve one of the basic survival problems of humanity today:
water conservation. Our toilets, as mentioned previously, also waste water.

Messrs Alexander Salosin and Viktor Prokhorov of Donetsk in the Soviet Union have designed a thimble-like insert for men's smoking pipes.
It is a gadget intended for people whose vocal cords are weak or semi-paralysed, and it contains a generator sending out sound oscillations of
80-90 cycles per second. This makes it possible for people with paralysed vocal cords to make themselves understood. This too is a
breakthrough approach that has been suggested to American manufacturers, only to be laughed out of the office as not having enough
saleability.
Humidity control in homes and hospitals is important and sometimes can become critical. In many regions of the United States humidity
levels are such that humidifiers and de-humidifiers find a ready market. These gadgets are costly, ugly, and ecologically extraordinarily
wasteful of water and electricity. In researching this problem for a manufacturer, Robert Senn, I and some others were able to develop a
theoretical humidifier/de- humidifier that would have no moving parts, use no liquids, pumps, or electricity. We decided to use deliquescent
crystals. By combining a mix of deliquescent crystals, anti-bacteriological crystals, etc., we were able to develop a theoretical surface finish
that would store twelve atoms of water to each crystal atom and release it again when humidity was unusually low. This material could then
be sprayed on to a wall, woven into a wall-hanging, or whatever, and do away with the drain on electric power as well as with the noise
pollution and expense of present systems.
Here again the problems are endless, and not enough solutions are coming from our own designers.
These are six possible directions in which the design profession not only can but must go if it is to do a worthwhile job. So far the designers
have neither realised the challenge nor responded to it. So far the action of the profession has been comparable to what would happen if all
medical doctors were to forsake general practice and surgery, and concentrate exclusively on dermatology and cosmetics.

THE TREE OF KNOWLEDGE: BIONICS
The Use of Biological Prototypes in the Design
of Man-Made Systems
A bird is an instrument working according to mathematical law, which instrument it is within the capacity of man to reproduce with all its
movements.
LEONARDO DA VINCI
One handbook that has not yet gone out of style, and predictably never will, is the handbook of nature. Here, in the totality of bio- logical and

biochemical systems, the problems mankind faces have already been met and solved, and through analogues, met and solved optimally.
The ideal solution to any problem in design is always to achieve 'the mostest with the leastest', or to use George K. Zipf 's happy phrase, 'the
principle of least effort'.
By now a definition of the word bionics is probably in order: bionics means 'the use of biological prototypes for the design of man-made
synthetic systems'. To put it in simpler language: to study basic principles in nature and emerge with applications of principles and processes
to the needs of mankind.
Dr Edward T. Hall states in The Hidden Dimension that 'man and his environment participate in moulding each other. Man is now in the
position of actually creating the total world in which he lives, or what the ethologists refer to as his biotype. In creating this world he is
actually determining what kind of an organism he will be:
Even the smallest problem in the area of product design will illustrate that a great deal more than a designer with a modicum of 'good taste' is
needed: several years ago a new low-cost plough was designed, built, and distributed in areas of South-east Asia that until then had used a
forked stick weighted down by a rock to till the soil. After a few years it was discovered that the ploughs were not in use and were, in effect,
rusting away. According to the religious beliefs of the inhabitants, metal makes the soil 'sick', and offends the Earth-mother. I was able to
recommend that the ploughs be dipped in a plastic compound similar to Nylon 60. And as the people were not offended by the technology of
plastics, the new ploughs were accepted and usefully employed.
The point of this anecdote is that the use of a cross-disciplinary design team, including anthropologists, engineers, biologists, psychologists,
sociologists, etc., would have prevented the original mis-design. Shifting back to a more sophisticated design level, one can see that if
William Snaith's concert hall, cited earlier, had had the services of consultant musicologists and sociologists as part of the design team, both
the 'dry, acrid sound' and the short- age of seats could have been avoided.
At present industrial and environmental designers are the logical foci in any design team. Their logical status as key synthesist in a design
situation is not because they are superior beings, better informed, or necessarily more creative but rather because they assume their status as
comprehensive synthesist by the default of all other disciplines. For in this age in America, education in all the other areas is a matter of
increasing vertical specialisation. Only in industrial and environmental design is education horizontally cross-disciplinary.
While the designer in any team situation may know far less psychology than the psychologist, far less economics than the economist, and
very little about, say, electrical engineering, he will invariably bring a greater understanding of psychology to the design process than that
possessed by the electrical engineer. By default, he will be the bridge.
The basic tenets on which this chapter is based are:
1. That the design of products and environments, on or off earth, must be accomplished through interdisciplinary teams, until such time as

sleep-learning telepathy or the extension of the human life-span make it possible and practical for the designer- planner to be conversant with
all the parameters of the problem.
2. That biology, bionics, and related fields offer the greatest area for creative new insight by the designer.
3. That the design of a single product unrelated to its sociological, psychological, cityscape surroundings is no longer possible or desirable.
Therefore, the designer must find analogues, using not only bionics but biological systems design approaches culled from the fields of
ecology and ethology.
Man has always looked to nature and derived ideas from the workings of nature, but in the past this has been achieved on a very simple level.
Technological design problems have, however, become increasingly complex during the last 100 years, and, with the proliferation of
technology in our society, mankind has be- come more and more alienated from direct contacts with his bio- logical surroundings.
Designers and artists especially have looked to nature, but their viewpoints have often been clouded by a romantic longing for the reestablishment of some sort of primeval Eden, a desire to get back to 'basics' and escape the depersonalizing power of the machine, or by a
sentimental mystique about 'closeness to the soil'.
And interestingly enough, virtually nothing has been written in the area of bionics. Heinrich Hertel's Structure, Form and Movement (1966),
Lucien Gerardin's Bionics, and E. E. Bernard's Biological Prototypes and Man-Made Systems (1963) are about all that has appeared in book
form. For the most part, these three books and the various reports on bionics prepared by the armed services concern themselves with mancomputer-control relationships only and deal with the interface between cybernetics and neurophysiology. There have been a few articles in
the Saturday Evening Post, Mechanics Illustrated, and Industrial Design, but these have been largely over-simplified popularisation's.
Of course, through history there have been the exceptional designers. 1A bird is an instrument working according to mathematical law, which
instrument it is within the capacity of man to reproduce with all its movements? said Leonardo da Vinci in 1511. Fire, the lever and fulcrum,
early tools and weapons - all these were invented by man observing natural processes, with the wheel possibly the only exception to this rule.
And even here Dr Thomasias presents a closely reasoned argument for the wheel having been derived from observation of a log rolling down
an inclined plane.
During the last 100 years, and especially since the end of World War II, scientists have begun looking into the biological sciences in a search
for answers in problem-solving areas and have managed to find new breakthroughs that are of enormous importance to today's technology.
An important difference between early man and today's designs must be made at this point: While we may consider the first hammer an
extension of the fist, the first rake a type of claw, and we pityingly smile at the attempt made by Icarus to fix bird wings to himself and fly
into the sun, today bionics is concerned not so much with the form of parts or the shape of things, but rather, with the possibilities of
examining how nature makes things happen, the interrelation of parts, the existence of systems.
Thus a psychologist, shown the diagram of a control mechanism for a recent apparatus enabling a blind man to read by scanning letter forms

and transforming them into tones, immediately recognised it as the so-called fourth layer of the visual cortex, the part of the brain responsible
for Gestalt vision.
As far back as the early calculating machines, scientists recognised a similarity between the machine's function and the function of the human
nervous system. With the advent of vacuum tubes, the similarity becomes even more startling. It is for this reason that one of the more active
areas today in bionics lies in the field of computer design. Here, insights from computers to human brains and from human brains to
computers have been gained during the last decade and a half. Professor Norbert Wiener at M.I.T. worked with psychologists, physiologists,
and neurophysiologists to attempt to learn more about the human brain through the construction of computers whereas Dr Heinz von Foerster,
in work with Professor W. Ross Ashby and Dr W. Grey Walter at the University of Illinois, has gained insight into the way computers ought
to be constructed through his research on the design of the human brain.
W. Grey Walter, the British physiologist mentioned above, managed to evolve simple electronic machines that responded positively to light
as a stimulus source. In other words, these machines will head for the nearest light source: a research finding much indebted to the study of
the photophiliac behaviour of the common moth.
Rattlesnakes are known to biologists as pit vipers because of the two pits located in the snake's snout midway between nostrils and eyes.
These pits contain temperature-sensing organs so delicate that they can detect temperature changes of 1/1,000 of a degree. This might be the
difference, for instance, between a sun- baked stone and a motionless rabbit. A similar principle has been used by Philco and General Electric
in the design of the side- winder missile, a heat-seeking air-to-air missile which homes in on the exhaust of jet aircraft.
Bats find their way in the dark through an echo location method: they emit a high-pitched sound which bounces off objects in their path, is
picked up by their sensitive ears, and thus establishes an unencumbered flight path for them. Much the same principles are used in radar and
sonar. Sonar uses audible sound waves; radar uses ultra-high-frequency waves. One excellent example of a bionic design investigation is a
remarkably accurate speed indicator for aeroplanes that was developed using the same principle found in beetles' eyes. It was discovered that
certain beetles compute their air speed prior to landing by watching moving objects on the ground. A study of the sense organs of these
beetles has given us a present aircraft speed indicator for measuring the time elapsed between its pass- age over two known points on the
ground and translating it into speed.
Dr Ralph Redemske, a specialist in the area of bionics now working for Servomechanism Inc. in Santa Barbara, California, has recently
plated an ordinary honeybee with a thin coating of aluminium. Using the standard black background, this enabled him to make photographs
(which were less fuzzy than a bee) of every detail of its complex structure. From this work, engineers may some day create mechanical eyes
modelled from those of bees.
One of the most interesting animals that holds many different promises of design solutions is the bottle-nosed dolphin (Turstops truncatus).
The dolphin uses a radar, sonar-like navigational system which does not depend on hearing. In common with other whales, it ripples its
external skin surface, utilizing this effect for navigation and increasing swimming speed.

The ground effects caused by a helicopter flying in a stationary position at a distance of less than 50 feet above ground level have puzzled
aircraft engineers for over a decade. Only recently, through a study of the dragonfly, are those causes beginning to be understood.
The question of energy input versus output is another interesting one: two examples in this area are the South American fruit bat, or flying
fox, and the male of a South American beetle called Acroncinus longimanus. In the case of the fruit bat, its truly gigantic wing-spread and
great power require a comparatively small energy input. The incredibly long front legs of the South American beetle utilize even less energy
input and derive great payload power.
I found the input-output disparity of the beetles to be a challenging problem. Eventually I was able to dissect several of these beetles. What is
at work is an energy amplification system utilising fluid. It is a measure of my naiveté that I immediately assumed, gleefully, that I had
succeeded in a theoretical breakthrough. And it is a fact that if I had dissected these beetles some forty years ago (at the tender age of five) I
would today be known as the 'Father of Fluidics'. In all seriousness, though, there is a point hidden in this rambling anecdote: unknown to me,
fluidics existed. But it is abundantly clear that there is an infinite number of biological principles - like fluidics - lying around, waiting to be
discovered.
The major emphasis in industrial and environmental design, however, will certainly lie in the ethological and ecological approach to systems,
processes, and environments. In recent years, when industrial designers talked about Total Design', they referred to two things. First, that the
design of, say, a steam iron might lead also to the design of the logo, the manufacturer's letterhead, the point-of-sale displayer for the iron, the
package, and possibly even some control over the merchandising of the product. At other times, Total Design' meant in-plant work: the design
of the handling machinery for manufacturing the steam iron, safety devices, traffic patterns within the plant, etc. Total Design' in the future
will mean seeing the steam iron as well as its plant and promotional gimmicks merely as links in a lengthy biomorphic phylogenetic chain
reaching back to heated rocks and stove-irons, and forward to the final extinction of the phylum 'steam iron' by mass introduction of 'permapressed' and 'stay- press' fabrics.
If the industrial revolution gave us a mechanical era (a static technology of movable parts), if the last sixty years have given us a
technological era (a dynamic technology of functioning parts), then we are now emerging into a biomorphic era (an evolving technology
permissive of imitations),
We have been taught that 'the machine is an extension of a man's hand'. But even this no longer holds. For 5,000 years, a brick maker was
capable of making 500 bricks a day. Technology has made it possible for one man, with the right kind of back-up machinery, as described in
Chapter Four, to make 500,000 bricks a day. But biomorphic change obsolesces both the man and the bricks: we now extrude building skin
surface, i.e. sandwich panels that include heating, lighting, cooling, and other service circuits.
While Mr Robert McNamara, the former United States Secretary of Defence, may often have found himself ambivalent regarding our
involvement in South-east Asia, it may be salutary to think that the same Mr McNamara, while with the Ford Motor Company, shared the
then prevailing automotive infatuation with tail fins, hood ornaments, and other small and neo- Freudian ephemera. Had the American
automotive industry brought its production know-how to something like the self- generating styrofoam domes developed by Dow

International, some 250 million shelters might have 'grown' in South-east Asia by now, and the sociological pressures leading to civil wars
and American involvement might never have happened.
This total chain of design can probably be best explained anecdotically.
Consider the fact that the absorption of 10,000 pounds of Radiolaria establishes 1,000 pounds of plankton, that 1,000 pounds of plankton
establish 100 pounds of small marine animals, these in turn create 10 pounds of fish, and it takes 10 pounds of fish to put one pound of
muscle tissue on a human being. The frictional losses in the system are simply staggering. With 168,000 species of insects in North America
there is six to eight times as much insect protein living in a 40-acre field as beef protein represented by grazing cattle thereon. Actually, we do
eat flies; it's just that we process them through grass, cows, and milk first.
It may be argued that the 'average’ industrial designer or design engineer concerned with research and development lacks a sufficient
background in the biological sciences to utilize biology meaningfully as an inspirational source of design. If we attempt to define the word
'bionics' in its narrowest sense, that is on a cybernetic or neurophysiological level, this may be true. But all around us are manifestations in
nature or rather primitive structures that have never been properly investigated, exploited, or used by designers, biological schemes that bear
investigation and are accessible to anyone free for a walk on a Sunday afternoon.
Take seeds, for instance. A simple maple seed (Aceraceae saccharum) when released from just a few feet off the ground, will fall in a very
definite spiral pattern. This method of air-to- ground delivery has so far never been applied in any significant way. In Chapter Five, I
described the use of artificial maple seeds as part of a system for soil-erosion control. One of the more interesting applications of the maple
seed's flight characteristics discovered by a design student was a new method of extinguishing forest fires, or rather, getting fire-extinguishing
modules into inaccessible parts. An artificial maple seed some 8| inches long was constructed out of inexpensive, ultra-lightweight plastic.
The seed portion contained a fire-extinguishing powder. Experimentation and investigation showed that when maple seeds were released
above a fire, they would naturally be caught up in the thermal up-draughts above the flames. If, on the other hand, the seeds were forced
below the up-draught area and into the semi- vacuum below, their flight pattern would re-establish itself, and they would, in fact, fly towards
the hottest part of the fire. To return to the plastic maple seeds. Thousands of these encased in time-sacks would be dropped from aeroplanes.
The sack would rip open once it had plunged under its own gravity to below the up- draught area. Then thousands of plastic, expendable
maple seeds would circle towards the hottest part of the fire, and here, their casing consumed by the flames, the fire extinguisher would be
released. This is by no means a way to put out forest fires. It is, however, a way of getting at canyons and other areas that are normally not
accessible from the ground or to smoke-jumpers.
Reforestation of the extreme northern tundra areas of Alaska, Canada, Lapland, and the Soviet Union, as well as the restocking of these areas
with fish, could be achieved through water-soluble maple seeds that contained seed spores or fish eggs. Naturally these artificial maple seeds
could also easily include nutrient solutions, serve as thermo-protectors, or carry fertiliser.
The random spreading of almost any material can be achieved through artificial maple seeds; tolerances are reassuringly broad: I have
constructed artificial maple seeds that performed optimally with a wing-spread up to 46 inches. At the other end of the scale, maple seeds

only ^ inch long can be operational.
The seed of the white ash (Fraxinus americana) has characteristics very similar to those of the maple seed. In still air the seed falls almost
straight down, spinning in a tight area. In a strong wind the seed will travel horizontally or, because of its lightness, climb for a while spinning
rapidly. If the seed's mass were concentrated into a small solid sphere, it would fall much faster, due to the decreased surface area, which
would decrease the frictional drag acting on the body. However, if the seed were a hollow sphere of the same mass and with the same surface
drag, but did not spin, it would fall still faster. Thus we see that the spinning actually helps to slow the seed's descent. This is due to the fact
that in spinning, the seed uses energy that would other- wise contribute to its rate of descent.
Basswood seeds (Tilia americana) are distinguishable by their unusual flight pattern. The 'wings' force a spinning motion as the seeds slowly
descend, drifting with the wind in spite of the (comparatively) great weight of the double-seed which sticks out from the wing part on
bifurcated extenders.
The flight characteristics of all of these spiralling seeds have not yet been studied sufficiently. The spiralling behaviour of such seeds,
artificially created in media other than air (water, oil, gasoline, etc.) or in near-vacuum or different gravity situations, may also prove a rich
source of design concepts. We shall concern ourselves with the behaviour of only one other seed in this group.
The falling Ailanthus seed (Ailanthus altissima) falls spinning rapidly about its longitudinal axis, making one complete revolution while
descending about one-quarter of its length. The physical geometry of this seed can be approximated with twisted paper as shown. In the first
simulation, the twists produced at each end are equal, which only very rarely occurs in nature. In this case the seed descends, in still air, along
a straight line, at approximately a 45° angle to the horizontal. If, however, the twists are unequal, as shown in the second simulation, the seed
follows a path that combines a spiral action and a screwing, axial spin at the same time. The twisted end pulls air from the vicinity of the tip
of the seed in towards the centre of the seed. This produces a high- pressure area around and under the seed, which slows its descent. When
the twists are equal, they both push the same amount of air towards the centre, producing no unequal forces. However, when the twists are
unequal, the end with the greater twist will pull more air, producing a lower pressure in the vicinity of that end. Therefore, the seed is being
acted upon by unequal forces. The seed tends to slip axially towards the lower pressure area. Thus, instead of following a straight line, the
seed descends in a spiral path. The combination of axial spin, slip, and spiral de- scent gives a very slow and almost random flight pattern to
each seed.
Seeds of the wild onion (Allium cernuum) and the salsify plant follow flight patterns of an entirely different configuration. The wild onion
seed is a delicate structure of radiating, lacy, ‘umbrella'-type formations. Dozens of these form a spider-web-like ball around the plant's
central hub. As shown, the umbrellas are closely interconnected and inverted slightly. When released, the delicate filaments flatten out and
lose their convexity. They fall like tiny parachutes, only at a much slower rate. Because, unlike parachutes, they possess a flat, disc-shape top
consisting of scores of finely interlaced hairs, their rate of fall, directionality, etc., may be applicable to uses far different from those of
conventional parachutes. Their lacy mantle also would foil radar detection.
Anchorage, grappling, and hook-closures are another seed characteristic. The common cocklebur (Xanthium canadense) will cling to an

animal's fur or, for that matter, to a man's trousers when he walks across a field in autumn. The specific hooking action has been adapted to
'Velcro' nylon closure strips. Here a female surface of tiny loops and a male surface of tiny hooks are biaxially oriented. When pressed
together, they can be pulled apart only in one direction and resist parting along all other axes. As mentioned above, this principle has been
used in the basic Velcro closure for clothing, but has also recently been adopted for the upper-arm bands used in determining blood pressure;
also recently American astronauts wearing the male part on the soles of their feet walked on drop-cloths consisting of the female part that
were lashed to the exterior of a space capsule, thus making walking in a null gravity situation possible.
Explosive-force seeds - seeds that, because of the interior construction of the seed pod, are hurled twenty feet or more - will provide another
useful area of research. Specifically the seed of a small berry, Hubus arcticus, growing only in the Lapland section of Finland, would repay
investigation.
The very simplest growth characteristics of almost any plant may provide the solution to imaginative design problems. Thus the growth of an
ordinary green pea may become instructive. If the pea is permitted to 'go to seed', at one growth stage a string at the back of the peapod ceases
to grow. As the rest of the pod continues to enlarge, within a few days it very slowly opens, and the pea seeds are slowly raised above the
level of the pod. A manufacturer of suppositories for children was persuaded to adopt this concept in his package. Hitherto, each suppository
was separately wrapped in silver foil, a dozen or so to a box. The parent, when unwrapping them, would soon find three-quarters of the
glycerine substance under his fingernails, with the suppository, of course, now de-sterilised. By creating a package of poly- ethylene that had
been purposely miscast, this problem was solved. The package had been so cast that the 'memory' of the plastic was its 'open state'. The
suppositories, sterilized, but with all need for wrapping gone, would now be inserted, and a high- impact styrene closure would slide over the
top. The small poly-ethylene package would not be under tension. Its purposeful mis-casting would act like the string on the back of the
peapod. When the styrene top was gently slid off, the package would open very slowly and the suppositories gently be forced up and out.
Closing the package would merely mean squeezing it gently together (thus forcing the remaining suppositories back down) and sliding the
styrene retainer-top back on.
Nothing has been said about insulating, heat-storing protection from cold, and many other properties possessed by seeds.
An equally large area for bionic design investigation lies in the field of botanic architecture, such as growth patterns, cells, and growth rate of
bamboo shoots, the architecture of a rose, various stem configurations of plants, and the properties of mushrooms, algae, fungi, and lichen.
Regarding this last item let me discuss an example (with indebtedness to William]. J. Gordon).
In facing the problem of repainting the interior of buildings, the cost of paint, labour, and depreciation has to be considered. It is an obvious
fact that a freshly painted room may look beautiful for several days or weeks, but the slow, inexorable process of deterioration starts. Let's try
(still with Bill Gordon) to isolate the problem. Paint is a substance which looks good' when first applied to the wall but looks more and more
dilapidated as time goes on. The problem then: Is it possible to find a substitute which, when first applied to the wall, may look unpleasant but
which will be self-improving and self-maintaining ? The answer is not far away. Lichen (a symbiotic growth relationship between algae and
fungi) comes in nature in a selection of some 118 'delicious decorator colours'. We could theoretically select the lichen of our colour choice,
spray it on a wall together with a nutrient solution and just sit back and relax. Obviously the wall may be a splotchy-looking mess at first, but

as the lichen begins to grow, an even colour will result. Unfortunately, the designer may be obliged to speculate as to whether people can be
motivated to enjoy shaggy walls. But a serious application is possible. Nearly all lichens grow to a height of approximately one and a half
inches, and as they are not affected by such temperature extremes as 30° below zero or 125° F., one direct use would be to plant them, instead
of grass, in the centre median of the New York Thruway. Because mowing costs of the New York Thruway Authority at present amount to
some $2-5 million annually, this would be a great saving indeed. Furthermore, colour-coding might be brought into play: the Berkshire cutoff could be planted in, say, blue, and the Ohio cut-off in red.
The growth patterns of the pussy willow have led a student to evolve a seed-planting tool that could be used in the under- developed areas of
the world where the soil is poor and hard. This simple hand tool utilising a basic bionic principle could be of great use specifically in Central
India, Shansi, and Sinkiang, as well as the Mongolian People's Republic. Furthermore, the tool is simple and maintenance-free, so that it
might be used by relatively unsophisticated people in the Central Kalahari Desert.
Turning to an entirely different area now, let us see how we can exploit the world of crystallography. If asked to fill completely two-space
with polygons of the same type and size, there are only three ways in which the job can be done: a grid of equilateral triangles, squares, or
hexagons. Even though the number of polygons is infinite, we cannot derive a complete 'space-fill' from them. Octagons, for instance, require
small squares for fill- ins; with pentagons the job is impossible.
If we attempt the same thing in three-space, there are again only a very limited number of possible solutions. We can use bricks, which are,
after all, a type of square-ended prism. For the same reason we can also utilise equilaterally-triangular-ended prisms or hexagonal prisms.
Proceeding with any of these three symptoms, we have merely built a two-dimensional construct in space. Using any of these three grid
patterns, we can make a wall as high or long as we wish; its depth, however, will be that of one brick. True integration in three dimensions
has not taken place. If we derive our shape from the field of crystallography and semi-regular polyhedra, we will find that there is one shape,
and one shape only, that makes a stable, fully three-dimensionally- integrated space grid possible: the tetrakaidecahedron.
Tetra (four) kai (and) deca (ten) hedron: a fourteen-sided polyhedron consisting of eight hexagonal and six square faces. A number of these
will cluster easily in space because their angles of incidence and adherence make the job very easy. If we examine one of the shapes, we will
find that it is rounder than a cube but squarer than a sphere. This may lead us to feel that it can resist pressure (either from without or from
within) better than a cube but not as well as a sphere. True, but only for a single solid. If we cluster a series of spheres of the same size
(balloons for instance) like a cluster of grapes and subject them to equal and steady pressure, for instance, by submerging in water, we will
find that little pressure areas (in the form of convex, spherical, triangular pyramids) build up between our balloons. If pressure is permitted to
build up more at some point, the balloons will collapse into their most stable shape: a cluster of tetrakaidecahedra. The tetra- kaidecahedron,
in fact, is the idealised shape of the human fat cell, as well as many other basic cellular structures in nature. Here again a series of
tetrakaidecahedra were handed to students for design exploitation. Many completely new design solutions resulted. By building huge
tetrakaidecahedral cells 38 feet in diameter, it was possible to construct a sub-oceanic shelter area for men and materials that might be used
for sub-ocean mining, oil drilling, etc. Each cell consisted of three floor levels; a cluster of between thirty and ninety of these cells would
constitute a sub-oceanic station.

By reducing the diameter of the cells to £ inch, a new type of radiator for an automobile was evolved, exhibiting more surface areas and
containing more water.
A folding, semi-permanent vacation house, sleeping twenty, could be, in its knock-down stage, transported in a standard VW camper.
By again building the tetrakaidecahedra to a 38-foot module, a central tower could be erected, 11 units or 418 feet tall. Twenty- eight more
units of the same size could then be attached in spiral form, surrounding the central core. With each unit being tri- level, the result is a luxury
apartment building. The central core tower would carry stairways, air-conditioning conduits, lifts, water, heat, and electricity. In addition, any
given central core unit (also being tri-level) would house bathrooms, kitchens, and other service rooms, each level housing rooms for the
closest cantilevered spiral unit. The three floors of the exterior spiral unit could be given over to living, entertainment, and sleeping areas,
with the hexagonal roof of each acting as a combination heliport and garden. Because of the ease with which further omni-directional units
can be 'plugged in' or, for that matter, 'un-plugged', each tetrakaidecahedron that is part of the exterior spiral could easily be air-lifted and
plugged in other core units in different locations of the world. It is obvious that the same construction might also serve as a constantly
contracting or expanding grain silo, etc.
When the first visual model of this structure was removed from its base, I attached a line to it and dragged it through water (much like taking
your dog for a walk on a leash). It has excellent motion characteristics in water. This opens the way for constructing huge hollow
tetrakaidecahedra out of ice (reinforce with algae), pumping them full of crude oil, and towing a string of these spiral clusters across the
Atlantic by submarines, thus eliminating the need for tankers.
The answer most elegant technologically, however, lies in the field of space stations. Assume that a basic cluster of tetrakaidecahedra (each
tri-level and 38 feet in diameter) numbering forty-eight single units were to be put in a locked orbit 150 miles above earth. This unit could
house a labour force of 300 men. If we now place further single cells in orbit we will find that (be- cause of the many angles of incidence and
adherence, mentioned above) 300 workers can attach another fifty units in a twenty-four- hour work period. At this point the station (which
incidentally would provide enough centrifugal spin to give a semblance of earth gravity from a central atomic pile) will house 600 people.
After two days of work it will house 1,200 workers, 9,600 at the end of five days, 307,200 at the end of ten days and 9,830,400 at the end of
fifteen days. In other words, it would be possible to absorb the entire populations of, say, Finland and Austria, or else all of Greater New
York, in two weeks, with all of these people in tri-level structures. Now give the whole construct a push, and when it arrives at, say, Mars,
Alpha Centauri II, or Wolf 359, it will be possible to decant people and their homes, establishing a city at the same speed as people can be
landed.
All this experimentation was done during 1954-9. Now other exploitations of crystalline forms are possible. William Katavolos of New York
has suggested that cities could be 'grown'. With recent breakthroughs in Russian crystallography and our in- creased abilities to grow large
hollow crystals, it may be possible, before long, to 'seed' an entire city and move in when it is fully grown.
The snub rhomboicosadodecahedron, consisting of eighty equilateral triangles and twelve pentagons, lends itself quite naturally to the
erection of dome structures. While these domes bear a generic resemblance to Buckminster Fuller's geodesic domes, they are in fact simpler

to erect, for all sides are straight and of equal length, and all angles identical.
The articulation of a snake's skeleton finds its application in a variable curve ruler by Keuffel & Esser Company. Again it may be worthwhile
to point out that in this, as in all other cases, bionic design application never means copying by establishing a visual analogue. Rather, it
means searching out the basic, under- lying organic principle and then finding an application.
A whole group of beetles: Propomacrus bimucronatus, Euchirus longimanus, Chalcosoma atlas and Forma colossus, Dynastes hyyllus and
centaurus, Dynastes hercules and Granti horn and Neptunus quensel, the Megasomae (elephans, anubis, mars, gyas), and the Goliathi
(especially Gohathus Goliathus drury, atlas, regius king, cactus, albosignatus, meleagris and the Fornasinius fornasinii and russus as well as
the Meoynorrhinse and Melagorrhmae, the Macrodontiae and especially the Acrocinus longimaniis L. [males only] have 'front-end' handling
mechanisms that are startling in their variety and challenging in their complexity. None of these has ever been intelligently exploited.
Even in mentioning some random thoughts on shell structures and sea shells, regeneration, exoskeletal structures, various propulsion systems
in fish, the swimming behaviour of snakes, 'free' soaring in flying fish, we barely scratch the surface of a few of the areas that will yield to
bionic design development.
John Teal, Professor of Human Ecology at the University of Alaska, is attacking the problem of the musk ox. With forty-eight chromosomes,
the musk ox is actually not an ox but related to the goat and antelope. Also, there is no musk. The fur of the musk ox is actually better than
wool in terms of moisture-shedding and heat-retaining properties. John Teal has set for himself the rather unusual job of domesticating musk
oxen and eventually giving the results of his studies to Eskimo tribes and Laplanders all across the northern tundra belt of the world. A
completely new human ecology and social pattern should emerge among these deprived northern people, based on a spinning and weaving
trade. At present, the normal ratio of the musk ox birth-rate is three females to one male, a problem that can be eliminated through multiplebirth-hormone injections. One of the reasons why Dr Teal's work is so unusual is that no musk ox has been domesticated by man in nearly
6,000 years.
Mere odd speculations about the possible future domestication of microbes may open entire new vistas in design-planning, bionically, for
medical applications.
In some areas of design, almost direct translations of natural phenomena can be used. In Dusseldorf in 1940, a gigantic vertical turning
machine was constructed by having the interior 'sperm' machine build the rest of the machine around itself.
Greater London, with a population close to that of New York City and with an unbelievably primitive and leaky water supply system,
nonetheless uses only one-fourth as much water as is consumed in New York. The reason is a biomorphic one. D'Arcy Wentworth Thompson
quotes Roux in formulating the following empirical rules for the branching of arteries and leaf venation:
1. If an artery bifurcates into two equal branches, these branches come off at equal angles to the main stem.

2. If one of the branches be smaller than the other, then the main branch or continuation of the original artery makes with the latter a smaller
angle than does the smaller or lateral branch.
3. All branches which are so small that they scarcely seem to weaken or diminish the main stem come off from it at a large angle, from
seventy to ninety degrees.
The water supply of London was laid out according to the above rules and, in spite of marginal losses, represents a biologic- ally stable
system.
In some fields 'by-passing' characteristics are beginning to make their appearance. Sonic thesia, a system used recently in dental work, equips
the patient with a pair of stereo earphones through which he listens to pre-recorded music. A third stream broadcasts a continuous screaming
or wailing sound which the patient has to tune out continuously with a pain control. The patient becomes so task-oriented that little or no pain
is felt because nerve endings and pain receptors are being by-passed.
In a similar way, a Bell Telephone Systems proposal to give people a standard billing per month, which would permit unlimited station-tostation direct-dialling calls anywhere on the continent, makes a great deal of sense, because right now billing procedures for individual longdistance calls cost more than the phone calls themselves. When an operator broke in on your local nickel telephone call in the thirties, it was
still good business to do so. Today, with fully automated equipment, communication satellites, and a lack of operators, this no longer makes
sense even on a long-distance basis. Surely world-wide direct dialling will 'by-pass' present political and national boundaries.
Turning far beyond even this rudimentary 'by-passing' through supra-national bodies, opens the even wider field of environmental design.
Here, of course, a rather limited version of cross-disciplinary approaches has been long predicted. Design teams have included many diverse
elements: architects, city planners, landscape architects, regional planners, and the occasional sociologist.
Nonetheless, it is precisely in the area of environmental design that bionic approaches and biological insights gleaned from the most recent
research in ecology and ethology will be most valuable. As we create the regional smear reaching from Kansas City to St Louis to Chicago to
Cleveland to Erie to Buffalo, we also participate in creating inhabitants of prisons, slums, redeveloped slums, suburbs and exurbs, mental
institutions, and $35,000 condominiums. The subtle interaction of all these marginal types, as well as their interaction with the dominant
culture, has yet to be studied, interpreted, and understood. But even more frightening are the recent studies performed with animals under
stress conditions and extreme crowding. Fatty degeneration of the heart and liver; brain haemorrhage; hypertension; atherosclerosis with its
attendant effects of stroke and heart attack; adrenal deterioration; cancers and other malignant growths; eye strain; glaucoma and trachoma;
extreme apathy, lethargy, and social non-participation; high abortion rates; failure of mothers to tend their young; extreme promiscuity among
the barely pubescent; a rise in homosexuality, lesbianism, and the emergence of a new sexual sub-type given to impressive and colourful, but
superficial, displays of his virility, though in reality extremely passive or even asexual; this may sound like a list of what some people think of
as moral decay or the ailments of modern urbanised people, but it is not. The symptoms listed above have been observed in such widely
divergent animals as Minnesota jack- rabbits, Sika deer, Norway rats, and several species of birds. The common denominator has always been
stress syndromes caused by overcrowding. Similar behaviour patterns have also been observed among concentration camp inmates, prisoners,

etc. It has caused Dr John Calhoun of the National Institute of Mental Health to coin the accurate and lethal phrase 'pathological togetherness'.
Up to now environmental planning has sublimely disregarded all this.
Industrial and environmental design are one of the few fields in which the schools are ideologically in the forefront of the profession. In spite
of some anti-intellectuals in the design field who have just done 'a good job on a luggage handle' or 'really communicated no-mow, no-grow
consumer satisfaction through Sassygrass' (an outdoor nylon carpet in red, brown, blue, or green), design, as the most powerful shaping tool
yet developed by man- kind to manipulate himself and his environment, will go on. The professional society meetings that endlessly and
fruitlessly at- tempt to define industrial design might take another look at the sciences. Electricity, after all, is never defined but is described
as a function, its value being expressed in terms of relations - the relation between voltage and amperage, for instance. Industrial and
environmental design, too, can be expressed only as a function; its value, for instance, being expressed in terms of relations: the relation
between human ability and human need.

CONSPICUOUS CONSUMPTIVES:
DESIGN AND THE ENVIRONMENT
Pollution, Crowding, Starvation, and the Designed Environment
Nature has let us down, God seems to have left
the receiver off the hook, and time is running out.. .
ARTHUR KOESTLER
If design is ecologically responsive, then it is also revolutionary. All systems - private capitalist, state socialist, and mixed economies - are
built on the assumption that we must buy more, consume more, waste more, throw away more, and consequently destroy Life-raft Earth. If
design is to be ecologically responsible, it must be independent of concern for the gross national product (no matter how gross that may be).
Over and over I want to stress that in pollution, the designer is more heavily implicated than most people. By now the garbage explosion has
outdistanced the population explosion, and as Professor E. Roy Tinney, the director of the State of Washington's Water Research Centre, has
remarked, 'We have not run out of water. We have simply run out of new streams to pollute'. The strength of our chemicals has grown to the
point where in mid-July of 1969, one single 200- pound sack of the German pesticide 'Thiodan' that accidentally fell off a barge on the Rhine
was able to kill more than 75,000 tons of fish in Germany, Holland, Switzerland, Austria, Liechtenstein, Belgium, and France and to stop a
new fish population from forming for a time period that has been estimated at four years. The automobile is held accountable now for more

than 60 per cent of all air pollution generated in the United States, and for an increasing amount in other Western nations.
Scientists are beginning to realise that jet aircraft pollute the upper atmosphere (as there is no 'washing effect' at extremely high altitudes), and
so pollutants from aircraft will circle the earth many times before settling through gravitation. Dr Alfred Hulstrunck (Atmospheric Research
Centre, State University of New York) comments: 'If transportation continues to grow the way it's going, it's possible the next generation may
never see the sun.' Were this to happen (and there is a good chance that it will by 1990), this might not necessarily spell global darkness.
Instead, the 'hothouse effect' might take over. Transparent to sunlight, but opaque to the earth's radiation, a blanket of moisture and carbon
dioxide might raise the surface temperatures of the earth enough to melt the polar icecaps. This would, at the very least, raise sea levels by
300 feet (shrinking habitable land by 64 per cent). But in all likelihood, the sudden weight shift might spin the earth off its axis.
We could continue with these examples at a faster rate than the speed at which this can be read. And so far we have dealt with 'neutral'
interventions, that is, things that have just seemed to happen, rather than results, or foreseeable results, of malign intent.
We need spend little time on the fact that malign intervention can pollute and kill. The 5,000 sheep killed by the accidental release of a United
States Army nerve gas in Skull Valley, Utah, on 21 March 1968, bear mute witness to the dangers of chemical warfare.
But what happens when man's intentions are benign from the start ? Through the building of the Aswan Dam Egypt attempted to make a
quick transition from 6,000 years of agricultural history to twentieth-century technology. One of the largest structures of its kind, the Aswan
Dam project was specifically designed to provide a multitude of socio-economic benefits. There would be, minimally, a 25 per cent increase
in cultivated land, and electrical output would double. Unfortunately, things have not worked out like that. Lake Nasser (part of the Aswan
development) retains most of the silt on which the rich Nile Delta farmland depends. The dam also impounds essential natural minerals,
needed by the ecological chain of marine life in the delta. Since Aswan first started to regulate the flow of the river in 1964, Egypt has
suffered a loss of $35 million to its native sardine industry; as of the spring of 1969, there are reports that the delta shrimp fishery is also
declining.
Professor Thayer Scudder of Cal Tech has reported similar results in the wake of damming up the Zambezi River in southern Africa. The
designers of the dam had predicted that the loss of flooded farmland would be offset by increasing fishery resources. In reality, the fish catch
diminished immediately after the dam was completed, and, soon after, the lake shore bred hordes of tsetse flies, which infected native
livestock and nearly aborted cattle production.
But we have learned nothing from these lessons. At the time I was writing this, engineers were designing the largest dam systems in the
history of mankind for two of the world's longest rivers: the Mekong and the Amazon. The Hudson Institute's proposal for the Amazon calls
for the creation of an inland sea, nearly as large as Western Europe! In Florida, the United States Army Corps of Engineers has built a series
of small dams neatly across the northern boundary of the Everglades National Wild- life Refuge. This was done in order to irrigate land to be
used for cattle grazing (notoriously, the least efficient use of land) and to appease the cattle-raisers' lobby. The result: the Everglades are
drying up, wildlife is being destroyed, soil is becoming salinated, and parts of southern Florida are taking on the characteristics of a desert. To
finish it off, there is a chance that a new jetport (with its high decibel levels and pollutants) may still be constructed at the southern edge of the

Everglades.
We tend to overlook the fact that nearly all major disfigurements of the earth have been created by ourselves. The impoverished lands of
Greece, Spain, and India, the man-made deserts of Australia and New Zealand, the treeless plains of China and Mongolia, and the man-made
deserts of North Africa, the Mediterranean basin, and Chile, are all proof of the fact that where there is a desert, man has been at work.
Ritchie Calder's After the Seventh Day documents this. It is instructive to com- pare maps of the United States, covering the period from 1596
to the present. Helpfully, the earliest maps, prepared by Spanish Catholic missionaries, are of the South-west. The desert - which now covers
parts of nine states - hardly existed at all. But as trees were cut down indiscriminately, as water run-off increased, as an estimated 200 million
buffalo were eradicated, as topsoil was washed away each spring, the familiar Dust Bowls of 1830 and 1930 were created, and the deserts
kept growing. The only thing that has changed is the pace of change itself. It took Alexander the Great and other conquerors nearly 1,500
years to turn Arabia and Palestine ('land of milk and honey'), into a desert. A mere 300 years sufficed for the American desert. And American
'know- how' has succeeded, through the use of defoliation, napalm, and the diversions of rivers and streams, in altering the ecological cycle of
the southern part of Vietnam in five short years in such a manner as to ensure that part of the world turning into a permanent desert.
Of course, damage done by American know-how is visible not only in foreign countries and in our remote past. The other day I read in the
papers that the city fathers of Butte, Montana, are devising plans for moving the entire city to a near-by valley, so that the Anaconda
Company may enlarge their strip-mining operations. And even in space: more than eight years ago a team of American military 'scientists'
exploded a charge of crystalline metal particles in the Heaviside layer of the upper ionosphere. This was done - in spite of strenuous and
vociferous objections by scientific bodies all over the world - just 'to see what would happen'. Inestimable genetic damage may have already
been done to mankind, animals, and crops as a result of this experiment : and we will never know, as there is obviously no control group
available to us to measure the results, because all earth would be affected.
It would be tedious to continue piling example upon example, statistic upon statistic. For at a certain point, a feeling of deep lethargy sets in,
and our reaction is: 'What's the use ?' or 'What can one man possibly do ?' If we respond in this manner, we are lost. For it is precisely by
shifting problems from the trivial to the tragic plane, by forsaking a personal view for a cosmic one, that we rationalise and manage to shrug
off our own personal responsibility. In all the above problems and more, all people are implicated, but not equally so. The designer's
responsibility and implication is far greater. He is trained to analyse facts, problems, systems and to make what are at least inspired guesses
regarding what may occur 'if this goes on'.
As of December 1970 Los Angeles was the first place in which the total acreage used for roads and parking places exceeded the amount of
space given over to human habitation. Obviously, the automobile is highly inefficient in many ways, and what is called for is a designed
solution.
Recently, devices have been designed and marketed which cut down the exhaust fumes of a car. The installation of these exhaust filters has
been made mandatory in some countries (Sweden) and in some states (California), and at a superficial glance, this seems an answer to the
problem. But in fact it is not. The consumer is required to spend more money for installing one of these gadgets, and to continue spending
more money since the gasoline consumption of the automobile rises sharply. Finally, the device itself is quite inefficient. Even this could be

justified, if the automobile performed in satisfactory ways in all other areas, but it does nothing of the kind.
The answer here must inevitably lie in a complete rethinking of transportation as a system, as well as a rethinking of each component part of
that system. Some possible guidelines for the future already exist.
It is more than half a century now since a monorail rapid- transport system was first put into daily operation at Wuppertal in Germany. The
system has proved itself to be fast and clean, and intrudes only minimally upon the physical and visual environment. Surely, monorail
systems could help ease traffic congestion in many of our large city-smears. Furthermore, a technology that can send men to the moon has
surely managed to discover devices better than the monorail during the last half century.
Nonetheless, we are told that the average individual in the Western world values his personal and individual transportation device, and that,
especially in the United States, the family automobile has become surrounded by a whole cluster of ideas - relating to self-reliance,
independence, and mobility - that once surrounded 'Old Paint', in the days of the wild and woolly West. This folk mythology works only as
long as we consider the auto- mobile a sort of super-horse, and blind ourselves to its drawbacks. Once we consider the car as merely one link
in a total transport system, alternative solutions can easily be found.
The average American today will drive his car (spatially the equivalent of two telephone booths or a large toilet) a distance of 60 feet around
the corner just to mail a letter. On a second scale, he and his wife will drive one mile or so, once a week, to do their marketing. On a third
level of complexity he may drive (quite alone in his huge steel coffin) a round trip of some 40 miles daily, to get to work. And on a fourth
level, he may pile the entire family into the car (two or three times a year) to visit Grandma some 300 miles away. A fifth level exists: he
knows that at any time he has the ability to jump into his car, and by driving long hours, reach California from, say, New York in a mere five
days. He rarely does this. He flies instead and rents a car in California. Now let us analyse this as a system. Distances of more than 500 miles
can be most efficiently transversed by aeroplanes. Distances of between 50 and 500 miles are more efficiently served by railroads, buses,
monorail systems and other, newer methods, to be developed by design teams.
For distances of less than 50 miles, many devices now exist, some of which are not exploited sufficiently. New ones will be evolved by
design teams. A partial listing in rising order of complexity seems in order. The simplest way to cover short distances still seems to be
walking, and there is something ludicrous about millions of Americans driving a few feet to the mailbox, but solemnly 'jogging' on a $276
aluminium treadmill in their bed- rooms for ten minutes every night. Roller skates may sound faintly ridiculous; they are nonetheless used in
storage areas and to get around in factories in the space industry. Non-powered push scooters give excellent mobility to travellers arriving at
Kastrup international airport outside Copenhagen.
An electrically powered aluminium scooter, weighing 18 pounds, foldable and, when folded, no larger than a shoebox, "with a cruising range
of 15 miles, was designed and tested by an industrial design student in Chicago several years ago. This device, which would give excellent
mobility without pollution or congestion in downtown areas and on large college campuses, has never been built commercially. It would
allow people to get from place to place on a platform measuring 9x15 inches (whereas the space occupied by a Cadillac 'El Dorado' measures
approximately 10 x 19.5 feet); the saving in space is great. It is import- ant to note that our industrial design student in Chicago worked alone

for a period of seven months and spent a total of $425 developing his electric, handbag-sized mini-scooter. Given the $3-4 billion which
General Motors alone spends for corporate research and development each year, given the facilities and design talent available, we can readily
see that even this excellent scooter is by no means the last word in personal transportation.
Bicycles are used for movement within the 5o-mile radius we have established, both in Denmark and the Low Countries. Many of these fold,
some can be carried easily. Powered bicycles with miniature gasoline engines exist; small electric drive-assist systems could be devised
easily. Some of the vehicles designed by my students, for exercise and sport by both normal and paraplegic children, may point the way to
new ways of transport. Mopeds, powered scooters, and motorcycles can be safely left out of this discussion in their present form as they are
prime polluters. Finally, the automobile:
For reasons of prestige, 'good taste', status, and sex appeal, as well as the easy profits guaranteed by built-in obsolescence, few intelligent
changes have been made in automotive design (aside from skin-deep styling and 'convenience' factors) since 1895. Most of the
configurational changes have gone in the direction of largeness and sleek, 'zippy' looks. Nonetheless, a few design breakthroughs such as the
Bubble Simca, the two- passenger, in-line-seater Messerschmidt, and even the Morris Mini-Minor and Mini-Cooper, point the way to smaller
vehicles that can, in the last two cases, seat four adults and a child and also store an incredible amount of luggage.
All that is needed is a new (probably electric) power plant. Because batteries today are large in size, heavy, and short-lived, such cars could
recharge themselves from sockets contained in parking meters and in their home garages. Predictably, however, batteries will shrink in size
and weight and at the same time gain a longer life-span as industry discovers a need, and as the state-of- the-art progresses.
Some Utopian concepts such as moving sidewalks must be rejected at this time because the power expended versus the value gained is
disastrously overbalanced in favour of the former.
By joining three systems, all of them in existence right now, we can find at least one viable alternative to the downtown clutter and traffic
problem. If we combine (i) a fleet of battery-driven miniature taxis similar to the Messerschmidt with (2) a transportation credit card and
computer billing of users at the end of each month and (3) a one-way wrist-watch-sized radio, we have the beginnings of a rational downtown
transportation system. The user could summon such a mini-taxi to his particular location with his radio (thus eliminating the biggest argument
against public transport: a long walk in the rain, and then a wait at the bus stop). The mini-taxi could then take him to his specific location,
again eliminating 'approximate destinations'. Payment would be via credit card and billed monthly. Even with thousands of these mini-taxis in
downtown areas, more land (now given over to garages, parking lots, and service stations) would be liberated. Exhaust fumes would be
eliminated. Larger parts of the streets could be given over to planting, parks, and walking space. At the end of the work day, users would be
brought back to downtown monorail terminals, and returned to their home destinations.
Those romantic souls who would still prefer to 'shift their own gears' and feel the soft purr of a high-powered sports car at their command,
would find themselves in a position analogous to that of horseback riders today. At garages, located in a peripheral circle around larger cities,
station wagons, trucks, or open sports cars could be rented for a few hours, or days, of country driving. This equipment could also be rented
through the transport credit card system. However, such vehicles could not be brought into built-up areas or cities.

(It is important to stress that the foregoing scenario is highly speculative and in no way pretends to present the answer to urban transportation
problems. It merely attempts to show one of many possible solutions and, at the same time, deliberately shows how the designer and the
design team are involved along every step of the way.)
The highest density of work population in Manhattan existed until recently at the junctures of Forty-second Street, and Madison, Park, and
Lexington Avenues. Here some of New York's largest skyscrapers absorb a daily working population of more than half a million people,
together with food, goods, and services for this area alone. Some of the largest shops exist within a one-mile radius. At Grand Central Station,
nine different levels of subways converge. The terminal building for two of New York City's three airports is only half a mile away. And
Grand Central Station itself consists of five subterranean levels, and is the terminal point for nearly all railroads. The congestion and
crowding are enormous. The answer of designers and planners to this problem was to erect a 46-storey office building (equipped with a
helicopter landing roof) directly over Grand Central Station! (This feeds an extra 120,000 people into the system each day.) While we are
suggesting that designers make a positive commitment to today's problems, environmental or otherwise, the very least they might do-in cases
such as this would be to refrain completely from applying their talents and to refuse to participate in such insane and destructive acts.
Often the designer has controlled, or partially controlled, selection of materials and processes. For instance, the choice of aluminium as a
better material for beer cans has been inaugurated by the merchandising staff of Alcoa. The fact remains that designers created the cans and
the new 'zip-openings' on them, which make them so attractive to the public. Industrial designers developed the cans, creative problemsolvers came up with the new opening method (and machines for production), and visual and graphic designers concerned themselves with
brand identity, corporate identification, labels, trademarks, and selling the entire package to the public. What's wrong with that ?
For one thing, the process wastes millions of tons of precious raw materials that can never be replaced. But more importantly, aluminium is a
material that breaks down very slowly. For nearly a thousand years we \\ill have to live with the beer cans thrown in the garbage today, or
tossed casually out of an automobile last night. I have discussed Swedish experiments to develop a disposable beer bottle made of a biodegradable plastic in Chapter Five.
Beer bottles and other canned goods are not the only offenders, Aluminium foils, while thinner, are every bit as resistant to rust, corrosion,
and biological breakdown as cans. Used aluminium foil clutters up our dumps and acts as an effective shield against 'breathing' by the top
layer of the soil. This in turn directly affects rain absorption as well as the course of subterranean streams and natural water reservoirs. Soil
temperature levels under dumps differ from those of adjacent areas by as much as 3° F. As well as creating minor climatic changes within
small ecological systems, this also creates a tendency for garbage- shielded dumps to retain vital minerals, and prevent their absorption by the
adjacent useful farmland. Here again imaginative designers should be able to suggest alternatives to this system.
The introduction during the fifties of 'aerosol' cans for most liquid and semi-liquid items under pressure has revolutionised merchandising of
drugs, foods, home remedies, cosmetics, and many other items. Industry has embraced the aerosol concept eagerly: it makes it possible to sell
a smaller quantity at grossly inflated prices. Almost without exception, aerosol cans are so constructed that even the small amount sold to the
consumer cannot be totally used. Hence, more waste. Aerosol cans manage to foul up the landscape quite as thoroughly as others, but in
addition, they are potential bombs, ready to send jagged pieces of metal shrapnel tearing into the flesh of any child incautious enough to

experiment with the cans under heated conditions. Designers, both industrial and graphic, are much to blame in helping with the introduction
of aerosol cans.
They are even more to blame for not creating better alternative solutions to the problem. The accordion squeeze-bottle designed for the Imco
Container Corporation in 1955, Egmont's Arens's toothpaste bottle for Bristol-Myers of 1957, and various European systems of
merchandising mayonnaise, caviar, mustard, cheeses, and other foodstuffs in tubes, point the way to better approaches. As all of these are
plastic, bio-degradable materials could be used, and the consumer would benefit additionally by getting a fair measure for a fair price.
The recent design of insulating wall sandwich panels used in buildings employs a combination of glass fibres, asbestos fibres, and a ‘chew' of
other fibrous products. As little as one fibre, if accidentally breathed in, can cause death or serious illness. While the workers are well
protected by face-masks, the surrounding space must also remain clean. This has led to the installation of giant blowers - blowers which
frequently feed out into the street. During the last few years, several people have accidentally breathed in this material and died as a direct
consequence. In Manhattan itself the same thing has happened during careless installation of such panels in buildings or apartments (cf. the
documentation by Berton Roueche). Once again, at least a sizeable part of the responsibility lies with the designer, in designing products less
liable to be mishandled or act as pollutants.
These are just a few miscellaneous examples; a list of this sort could go on almost indefinitely.
If we turn to a man-made environment for living, the story is at least equally grave. Frequently we are shown the cold, in- human, and sterile
aspect of the apartment buildings erected shortly after World War II along Karl Marx Alice in East Berlin. But the differences between it and
similar speculative mass housing erected by insurance companies around Greater New York, or even the most enlightened 'community
planning' practised in some of the Scandinavian countries, is only one of degree rather than kind. Human beings and family units have
become Components' to be stored away like carbon copies in the gigantic file cases that are today's tenements. When the cry of 'urban
renewal' is raised, the results are frequently less humane than the situation that originally gave cause for redesign. Thus, in a recently
'renewed' ghetto area located in the south-eastern part of Chicago, a series of more than thirty apartment buildings (each holding more than
fifty family units), is strung out in a single four-mile-long chain, neatly placed between a twelve-lane super- highway (which cuts the
development off neatly from the rest of the city) and, on the other side, a series of large manufacturing plants (with their perennially belching
smokestacks) and a large municipal dump. In spite of all the old ghetto's faults, it did have a 'sense of community', and that has been
destroyed completely.
The inhabitants have no park, green spaces, or even lone trees within walking distance. Each family is alienated from the rest; nights find
them cowering in their cell-like apartments while the juvenile street gangs exchange gunfire down below. In just one of these buildings, more
than one case of rape or assault occurs daily, and between three and four cases of murder or attempted murder each week! The ghetto has
been verticalized neatly and turned into a series of skyscrapers. Visually all the buildings are identical and look like a series of cement slabs
into which a child has carved an insufficient number of tiny windows.
This area is also completely divorced from even the most basic shopping needs. A supermarket and a drugstore are located about 500 feet

from the northernmost of the buildings, and public transport is lacking. This means that an elderly woman living, for instance, in one of the
buildings at the south end of the development, has a 5-mile walk (round trip) in order to do her shopping. Thus a mother of small children is
effectively removed from supervising her offspring for a period of nearly three hours when marketing. But the design of these barns for the
storage of un- skilled labourers and their families is not that different from similar developments for the well-to-do, or the rich.
It is a strange paradox in the design field (at least in the United States) that as our families have become larger in size, and as the furniture and
furnishing designed for us take up more space, the size of our houses or apartments, as well as of individual rooms, has shrunk unaccountably.
As a family achieve the financial means to leave these mega-blocks of flats, they are propagandised into buying a 'home of their own'. These
homes again lack any and all individuality, and are strung out in a manner most convenient for the speculative builder, his machinery, and the
plumbing and street network which he installs, rather than for the needs of the people. If the prospective buyer is less than enchanted by 600
fake New England saltboxes, identical in looks and materials and placed cheek-by-jowl, usually his only choice consists of moving to another
development in which another 600 equally phoney French Provincial huts rub shoulders.
Even on low price levels, in 1969, the price of one of these homes is (in the United States) approximately that of three years of income of
their prospective tenants. Naturally, these homes are purchased under deferred payment plans, mortgage settlements, and the like, usually
covering a time period of twenty or thirty years. Compound interest usually adds 70-100 per cent or more to the price, and the family almost
invariably moves out after three or four years. Should a tenant be foolish enough to attempt to individualise his own home through
landscaping, planting, and other improvements, his neighbours will frequently heap scorn and abuse on him. Whether or not they do, his taxes
will very probably be raised.
But all this is wide of the mark. What should be of concern to the designer is the relationship between the home and the way in which people
live today. 'Saleability' of mass housing is usually measured by how closely the houses conform to a late-nineteenth- century ideal of the
trellised, rose-covered cottage. The fact is that our style of life in the early seventies of this century (including such factors as: minimally four
separate systems of telecommunication, 'automobility', and increased leisure time, as well as the fragmentation of the basic family structure)
is never taken into consideration. Nor the fact that the average American family moves approximately every 4-6 years. Most importantly,
how- ever, the basic human need to have some relation to green and growing things, as well as the option to do a bit of gardening or
'farming' (for table crops such as tomatoes, lettuce, squash, and melons) is never taken into consideration. Nor is walking space, or play space
for children, teenagers, and adults.
Most designers (and not just in the areas of housing and community planning) seem to have developed a set of blinkers. This effectively
keeps them from considering whether similar problems might not already have been solved intelligently somewhere else or at some other
time.
Say 'Frank Lloyd Wright' to any shelter designer. He will immediately think of the Guggenheim Museum, Fallingwater, the Imperial Hotel in
Tokyo, and some of the earlier Prairie Houses. He may even think of a certain mannerist, neo-baroque interpenetration of space. But chances
are that he will be totally unaware that Wright created an important 'missing link' between individual homes and apartment dwellings.

In 1938 Frank Lloyd Wright designed the Sun Top Homes for Ardmore, Pennsylvania. Only one of the proposed four was actually built. It is
really a cloverleaf-like interpenetration of four individual homes. Each one consists of a one and one-half storey tall living room, and
distributes a recreation room, bedrooms, kitchen, etc., over a two-storey area. Each individual quarter of the total four-home construct is so
defined that one is unaware of the other three units. The heating-air-conditioning-plumbing core is in the centre of the complex. Nonetheless,
each individual unit has its own air-conditioning, plumbing, and lighting facilities as well as its own kitchen garden, and a recreational
garden, screened through trees and plantings from the other units and from the street. The entire building was extremely low in cost and
actually built (as a first prototype) in 1941. In 1942 Mr Wright further developed this concept for the Defense Housing Agency. One hundred
of these cloverleaf homes (to house 400 families) were to be built at Pittsfield, Massachusetts.
The original Sun Top Homes prototype still stands at Ardmore, Pennsylvania, one-third of a century later, mute testimony to the shortsightedness of the Federal Government.
The mix of heavy manufacturing offices, light industry, private homes, apartment-like shelters, clinics, day nurseries, schools and
universities, sports arenas, recreational facilities, bicycle paths, access roads, forested areas, parking lots, shopping communities, and linkages
to public transport and high-speed road networks which Frank Lloyd Wright designed in 1935 as Broad acre City, still marks a high point of
humanistic planning. With local variations, Wright envisioned Broadacre City as eventually spanning the entire North American continent.
Again, this is not to suggest that either Broadacre City or the Ardmore Development is the ideal answer.
According to Frank Lloyd Wright, scale was the greatest threat to social meaning. As early as the forties, he wrote: 'Little forms, little homes
for industry, little factories, link schools, a little university going to the people mostly by way of their interest... little laboratories..
.'(Wright'sitalics).
Like Lapiola near Helsinki, Broadacre City and the Ardmore Development constitute partial solutions, but solutions more concerned with the
quality of life and human dignity than the nearly 12 million rabbit hutches that have been built for human habitation since.
The whole concept of human scale has gone awry, not only with homes but in most other areas as well. One would expect a system motivated
only by self-interest and private profit-making at least to spend some care in constructing its shopping places. This is not so. 'Stroget' a
'walking street' of shops in downtown Copenhagen, is constructed for leisurely strolling and impulse buying. Two segments of it,
Frederiksberggade and Mygade, are together approximately 400 feet long and contain more than 180 shops.
In a contemporary American shopping centre, this same distance of 400 feet will frequently separate the entrances of two stores: the
supermarket and, say, the drugstore. The intervening space consists of empty windows, bereft of displays, monotonous and uninteresting.
Usually neither landscaping nor wind-breaks are provided. Mercilessly, the hot sun beats down on the four acres of concrete in the summer;
wind-whipped snow piles up in car-high drifts throughout the winter. Small wonder that, after finishing their shopping at the supermarket,
people will walk back to their automobiles and drive to the drugstore. There is nothing in the environment that prompts going for a stroll; it
has been designed for the moving car alone. Most shopping plazas in the United States consist of a thin line of stores arranged along three
sides of a huge square, the centre of which is a parking lot. The large open side fronts on a super-highway. This may make shopping 'efficient'

but it also makes it something less than satisfying.
This problem of scale is especially dramatic in our suburbs and exurbs, which have become vast dormitory towns with a multiplicity of
problems.
Increasingly within the last decade, factories have moved away from large cities: cheap labour sources and large tax write-offs have induced
them to move to so-called 'Industrial Parks' (!).
Foreseeable, more and more factories have begun congregating within each one of these so-called park sites. Around each of these clusters
service industries, shops, and, eventually, tract housing has sprung up - without any plan, reason, or projection for future development.
Transportation networks soon link these production centres to the old cities (crossing the suburbs and exurbs of yesteryear on their way).
Soon a whole new subculture of minor assembly plants, repair shops, storage plants, etc., develops in the relatively large border area between
city and suburbs, suburbs and satellite industrial centres. Without any rational plan, the city has just grown in area by a factor of 20 or 30 (due
to the nature of this particular, omni-directional growth process).
Even if we are willing to accept psychological, social, and physical hazards in polluting our environment, there are other more immediate and
weighty reasons for putting a stop to it. Recent information coming to us from weather satellites in space, direct observation in spaceships,
and the statistics provided to us by meteorological observation stations quite clearly points to a major change. It seems that a large area of
permanently polluted warm air will actually attract bad weather. In the American Mid- west and East Coast especially, more and more major
storms, snowfalls, blizzards, and tornadoes have, over the last ten years, hit large industrial cities. This phenomenon in turn (by increasing the
number of target areas on the world's surface) in time may have lasting climatic effects. This is the curse of scale, when not attended to. As
Julian Huxley remarks: 'Simply magnify an object, without changing its shape, and without meaning to, you have changed all its properties.'
Even the most basic study of systems design teaches us the obvious fact that a system is made up of its component parts, and that, as each part
is changed, the system itself eventually will change too. By examining some of these systems we may be able to locate some of the factors
contributing to the distortion. Hospitals and mental institutions are usually designed with greater care than other interior spaces. Architects,
interior architects, and medical specialists routinely co-operate in the planning. In the floor plan, the rest-and-recuperation wing of a mental
hospital at first may be well arranged for conversational grouping, relaxation, games, etc. But once the wing is put into operation, hospital
personnel rearrange the seating at once. Chairs now are placed primly, neatly, and symmetrically. This has the virtue of bolstering the sense of
security of the hospital personnel, cuts down the time needed to sweep and wash floors, and makes it far simpler for refreshment carts to be
wheeled through the room. This furniture placement, however, creates fantastic barriers to interaction among patients, and in some cases may
help to drive them into autistic or catatonic states. The placement of chairs on the four sides of each pillar, facing in four different directions,
makes conversation extremely awkward for two people seated adjacently and completely shuts off conversation with anyone else.
This is no isolated example but rather something that happens in hospital wards all the time. It illustrates a cardinal error among designers: the
failure to go back from time to time and see how the work has performed and been implemented. To my knowledge, hospital or mental
patients have never been 'client- group representatives' working with a design team. Similar observations can be documented regarding prison

populations, the arrangement of living spaces for military personnel, university students in dormitories, and other victimised groups held in
captivity. Even in areas where a profit-seeking system might be expected to pursue its ends most efficiently, this is not often the case.
Edward T. Hall, in his studies of proximeters and human spacing, has computed that the types and sizes of seating units used in most
contemporary airport terminals so strongly violate Western concepts of spacing that fully one third of them are empty at any given time. This
holds true even when the building is unusually crowded: many people prefer standing or pacing to being brought into too close proximity
with strangers. Most Americans visiting Europe or Latin America demonstrate signs of minor strain when asked to share a restaurant table
with strangers. And seldom has Thorstein Veblen's theory of 'conspicuous consumption' been carried further than in the endless vestibules of
motion pictures palaces, tenanted with gilt and scarlet chairs in which no one ever sits, or in similarly appointed waiting rooms to corporate
offices (where oak and leather, steel and glass have replaced the simpering charm of fake French Empire).
Obviously, in each of these cases design decisions have been made, but unfortunately, they were wrong. In each case the cosigner has 'worked
up' a combination between his personal aesthetic, the desires of his clients, and whatever has been considered ‘good taste' at the consumer
level. By working with a design team, checking conclusions through our six-sided function complex, and working closely with findings in the
behavioural sciences, such mis-design could be avoided.
Change has always been with us, but the dimensions of this change are still not fully understood. As Alvin Toffler said in Future Shock, 'We
are now living through the second great divide in human history, comparable in size only with that first break in historic continuity - the shift
from barbarism to civilisation . ..' Much has happened within the lifetimes of many of us that in sheer size is equalled only by man's entire
previous life on this globe. Half of all the energy consumed by man during the past 2,000 years has been consumed within the last 100. The
dividing line for many statistical series of materials (such as metals) seems to be about 1910. That is, man extracted about as much out of
mines during the first six million years of his tenancy on this planet as during the last sixty. The newspapers tell us that 25 per cent of all the
people who ever lived are alive today; that 90 per cent of all the scientists and researchers who ever lived are living now; the amount of
technical information doubles every ten years; throughout the world about 100,000 journals are published in more than sixty languages, and
this number doubles every fifteen years. In the United States (a country notably exempt from the population explosion) the average density of
people was one per square mile 200 years ago. In a circle twenty miles in diameter (assuming that ten miles is the greatest distance a per- son
can walk to work and back and still do a full day's work) this yields 314 persons inside the circle, with the rather obvious chance of human
contact of 313 to one. Opportunities for inter- personal communication (the exchange of information and ideas) were formerly quite limited.
Today, Chicago has a population density of 10,000 people per square mile, inside our twenty-mile- diameter circle. Opportunities for humanto-human contact are more than three million to one.
Many of these changes are now setting a pace of their own, and are seemingly out of control. In Albert Romasco's The Poverty of Abundance,
we find that; 'In Ceylon, the introduction of DDT was largely responsible in less than 10 years for a 57 per cent decline in the death rate, a
population increase of 83 per cent and a resultant decline in per capita income.' It goes on to say, 'There are nearly 300,000 babies born every
day, two-thirds of them into families that are poor, hungry, ignorant, ill.'
When we consider what a large population increase does, we find that it forces us into devising new ways of doing things be- cause the old

ones cannot work any more at all. A commission established in Tokyo to plan for the needs of a city of 20 million inhabitants within ten and a
half years soon found that nothing in human experience, no technique adopted in the past, is relevant to the kind of problems that arise when
one considers the future s population densities. Within less than fifteen years, several cities in India will have more than 36 million
inhabitants each, and in the same time the United States will add more than 100 million people to its population. Within thirty-five years
(present trends continuing) there will be close to seven billion Africans, Asians, and Latin Americans, constituting 86 per cent of the world's
population. 'If your pulse beat is normal,' says William Vogt, 'it will not quite keep up with the increase in world population . .. Every time
your pulse throbs, the population of the world has added more than one human being.' It has taken mankind approximately eight million years
to reach a world population of ten million people. It took another 12,000 years to reach the one- billion mark; seventy-five more years to
reach two billion; thirty- seven years to reach three billion; and within less than eighteen years we shall have passed the five-billion mark.
Obviously, population growth as a force for societal change has itself changed from a quantitative force to a qualitative one.
We are beginning to understand that the main challenge for our society no longer lies in the production of goods. Rather, we have to make
choices that deal with 'how good ?' instead of 'how much ?' But the changes, and our awareness of these changes, are becoming so highly
accelerated that trying to 'make sense' of change itself will become our basic industry. Moral, aesthetic, and ethical values will evolve along
with the choices to which they will be applied. We may still consider religion, sex, morality, the family structure, or medical research to be
remote from technology and design. But the margin is narrowing fast.
With all these changes, the designer (as part of the multi-disciplinary, problem-solving team) can and must involve himself. He may choose to
do so for vaguely humanitarian reasons (for maybe another ten years or so in the Western world). Regard- less of this, he will be forced to do
so by the simple desire for survival within the not-too-distant future. When you try to tell people in our Western society that within a very
short time, say seven to ten years, many of the people in the world will die of hunger, they simply do not hear. They give a little nervous
laugh; a little embarrassed, they change the subject. But in Calcutta, Bombay, and New Delhi, thousands of bodies are already being removed
by the sanitation squads each morning.
There was a time not very long ago, maybe in 1963, when, as William Paddock put it, The stork passed the plough.' And now people are
increasing faster than the means of feeding them. Less food is available per person in the world today than during the Depression some thirty
years ago. Population is now increasing over food production at the rate of 2: 1 per year.
Food production and the development of new food sources have been of no interest to the design profession at all. Yet designers are involved,
like it or not, as human beings. Raymond Ewell (editor of Population Bulletin) said a few years ago:
If present trends continue, it seems likely that famine will reach serious proportions in India, Pakistan and China in the early 19705, followed
by Indonesia, Iran, Turkey, Egypt and several other countries within a few years, and then followed by most of the other countries of Asia,
Africa and Latin America by 1980. Such a famine will be of massive proportions, affecting hundreds of millions, possibly even billions, of
persons. If this happens, as appears likely, it will be the most colossal catastrophe in history.
All the 'concern' over the growth of the world's people only thinly veils violence and a sort of 'escapism'. It is no longer considered 'nice' to be

a racist. But the specific words many of us use when we talk about the people in developing countries, slums, ghettos, are bad. Their
populations 'explode', we say. They are a 'population bomb'. They 'breed like flies'. We talk about 'uncontrolled fertility' and how we must
'teach them to control population' and we talk (especially regarding Africa, Asia, and Latin America) about 'breeding swarms'. Such words
reflect our thinking. And such thinking is our inheritance of racism, prejudice, colonialism, white capitalist superiority and, when we begin to
send 'population control teams' to some country to 'help', neo- colonialism.
Around 1800 there were an estimated 180 million inhabitants in Europe. The amount of people had increased to 450 million around 1900. But
this fantastically increased population had a much higher living standard, ate better, dressed better, and lived longer than their own greatgrandparents. The Malthusian Doctrine says: Food can never keep up with population growth. But this simple formula has just two factors:
soil and population. Science, design, planning, research are completely left out. Malthus's theories may be applicable to animals (like
laboratory rats), but the one function that is uniquely human, comprehensive anticipatory thinking and planning, changes his equation most
drastically.
After all, only ninety years ago in the United States, a huge farm population (almost 75 per cent of the people) struggled desperately to keep a
population of 85 million people from hunger. Today, only 8 per cent of the population is still farming, the population has surpassed the 200million mark, and the biggest agricultural problem is what to do with megatons of food surplus each year! Agricultural machinery, irrigation,
chemical fertilisers, scientific crop rotation, pest control, conservation, reforestation, selective breeding of stock animals - these are the fruits
of science applied to Malthusian thinking, and they have destroyed his mechanistic concepts.
Naturally, families should not have more children than they can raise decently. But birth-control measures prove effective only after the living
standards of the under-privileged have been raised. That is the order: not the other way around. People begin to take interest in limiting the
size of their families only after they are secure, have achieved human dignity and purpose, and are no longer beset by the anxiety and fears of
hunger, poverty, ignorance, and disease. A large part of children born are no more than genetic insurance for people faced with the certainty
of death for many of their children.
For hundreds of years we assumed what we were pleased to call 'laziness' or languor, reduced energy, mental retardation, short life-spans, and
dullness to be racial characteristics in many underdeveloped countries. Today we know these are not races of lazy men; they are people
chronically undernourished, to the point where they are no longer energetic and hopeful. Malnutrition causes high infant death rates and often
this occurs in families that have been made very large in the hopes of somehow compensating for this. But hunger and mental retardation go
on, hand in hand.
The brain grows more rapidly than the rest of the body, its cells proliferating so quickly that by the time a child is four, the circumference of
its head is 90 per cent as large as it ever will be ... This proliferation is almost entirely dependent on protein synthesis, which cannot take
place in the absence of the essential ammo acids which must be derived from food. (Bioscience, April 1967)
Producing basic agricultural implements for underdeveloped areas of the world brings less profit to industry than producing glittering
consumer gadgets for abundant societies. Designing agricultural systems and tools is not thought of as a 'glory job’ or 'fun’ by most designers:

how much more rewarding to 'scale down’ a 1931 Mercedes SS for fibreglass production, than to improve a plough for Pakistan!
The most significant gains in farming can be made through design and systems analysis. In order to support this thesis, I shall quote
extensively from the 'Famine 1975 ?' issue of the Kaiser Aluminium News (from which most of the material cited above is derived). The
headings of the pieces are: 'Land', 'Water', 'Fertiliser', 'Pesticides', 'Preservation and Processing', 'Livestock', 'Mechanisation', 'Transport',
'Marketing', and 'Education'. Each of these pieces is an input that fits and rein- forces those around it.
None can be solved on an isolated basis. And no single sub-problem offers the final solution to world hunger, any more than a single radio
can be called the answer to global communication. The world food crisis is a systems problem in which each part is amenable to solution,
given the impetus of a sufficient political, social and economic commitment ...
In many parts of Asia where water is critical, it would take 100 years to add one more cultivated acre per person. Meanwhile the population
mil have increased sixteen times. If increase of cultivated land is to match population gains, then annual per capita expenditures in both water
and land development must accelerate to more than four times the present level. Significantly improving crop yields is the only other
alternative. But such double or triple cropping requires greater use of fertiliser, improved irrigation, and better pest control. The cost of
bringing new land into cultivation varies widely, from $973 per acre in Kenya to $612 in the United States and $32 at one pilot project in
Guatemala. Assuming an average cost of $375 per acre world-wide, the four billion arable acres remaining in the tropics alone would require
an investment of $1-5 trillion.
The land study reaches the following conclusion:'.. . since we don't yet have an accurate knowledge of what resources are at our disposal, a
world-wide inventory of soil and water, as well as capital, manpower, and technology available, is a prior need.'
In 1963 Bucky Fuller began a World Resources Inventory at Southern Illinois University, in Carbondale. This design study group has
published six of some ten planned reports. However, only a skeleton staff of five people remains to complete the work because designers,
students, and design schools have shrugged off the entire matter as 'dull', 'uninteresting', and 'unimportant'.
If we study water, we find that less than 11 per cent of the world's cultivated land is irrigated. Part of the problem is lining ditches to control
seepage, recycling water, and waste removal. In an earlier chapter I have already discussed the bad circulation system of the African continent
and tried to point out a few ways in which simple, hand-operated 'pipe-making' tools might be used to help in irrigation and pollution at the
village level.
Ground water estimated to be 3,000 times greater in quantity than the contents of all the world's rivers lies within half a drilling mile beneath
the earth's surface. The Sahara Desert, for instance, contains 100 billion acre-feet of water in huge subsurface aquifers; enough water to
irrigate millions of acres for at least four centuries. To develop tapping, drilling, and distribution methods is a new design challenge. The
desalination of ocean water is a process now in use in Israel. Rational design should make it possible to reduce costs.
Fertilisation and pesticides and their influence on the environment have been discussed elsewhere. But it is in the area of preservation and

processing of foods that designers could make a major contribution.
Food losses after harvest run as high as 80% in the diet deficient countries, due largely to poor storage and processing. Micro-organisms,
insects and rodents are the main cause of food loss after harvest. Rats consume 16 times more food than humans per body weight; in India
rats eat 30% of stored grains; in some countries as much as 60%. One- third of all harvested cereals in Africa is lost to rodents. Because of
poor and out-dated equipment, lack of refrigeration and inefficient transport, 50% of marketed fruits and vegetables are lost in the hungry
nations, where most perishables must be eaten within 24 hours of harvest.
There is little under 'livestock' that relates directly to the work of designers. But at present, livestock is a highly inefficient and costly way of
obtaining proteins. Here the development and production of 'single-cell proteins' will provide the breakthroughs. The production and
equipment for the laboratory farming of protein bacteria is well within the design team's area of concern. Benefits are dramatic:
The full potential of protein bacteria is easier to grasp if it is com- pared with a properly-fed 1,000 pound steer. The steer stores up just one
pound of protein a day. In the same 24 hours, a half ton of selected micro-organisms, feeding on oil, increase in size and weight by five times,
and half this gain is useful protein. In other words, while the „ steer is making one pound of protein, the bacteria-in-oil produces 2,500 pounds
of protein. (Professor Alfred Champagnat)
The present cost of this protein, because of an insufficient state-of-the-art and badly designed equipment, is about 200 per pound. As to the
taste:
The line of meat like but meatless foods includes ham, sausage, frankfurters, fried chicken, steaks, meatloaf, chipped beef and luncheon
loaves. They have no bones, skin or excess fat... surprisingly, most of these rated high both in taste and appearance. (Successful Farming,
October 1967)
Mechanization is the next one of our puzzle pieces. Studies have shown that to get high crop yields, mechanical energy of about 0.5
horsepower is needed for every 2.5 acres of land. In the United States and in Europe, the energy level is more than twice that. But in the
hungry nations it is very low: less than 0-3 horse- power in Latin America, under 0.2 in Asia, and only 0.05 in Africa. The Kaiser report
concludes:'... the most difficult task would be recruiting and training the 10,000 designers needed...' In this connection it is worth noting that,
of the 692 'professional’ members of the Industrial Designers Society of America (the only professional design group), only eighteen are
involved in the design of farm machinery. Twelve of these are producing mini- tractors and ride-em-yourself lawn mowers with which the
rich manicure their lawns. Only the remaining six are involved with prime producers of farm machinery. And even their involvement consists
largely of surface styling, trade-mark design, sexy pro- motion gimmicks, and more comfortable tractor seats.
Transport seems least efficient where it is most needed. In India alone more than half a million villages are more than five miles from a road,
and many of these roads are not passable in bad weather. One alternative to the costly development of the road networks and vehicles would
be the development and wide distribution of ground effect vehicles that would make roads unnecessary (but would not be powered by internal
combustion engines).

Note: the only ground effect vehicles now in operation are either designed to transport tourists and their automobiles across the English
Channel, or else are being used by the United States Army to napalm people and villages in the Mekong Delta.
It is of additional interest to compare the genesis, development, and marketing of a relatively new consumer product. Beginning in the midsixties, firms in the United States, Sweden, West Germany, and a few other countries began introducing a series of gasoline-powered sleds on
the market. These Snowmobiles' are largely bought and used in winter sports areas. They sell almost exclusively to wealthy and jaded young
'athletes' whom these zippy little gadgets enable to traverse snow-covered terrain in 'easy-chair comfort' with mechanical heaters helping them
to 'rough it'. These self-propelled power scooters currently sell for approximately $995. Snowmobile clubs and rallies have been organised to
help with the sale of these vehicles, and by now an attractive range of extra accessories (built-in tape decks, two-way radios, trailers, etc.) are
available to the 'discerning consumer'. However, a new need has made itself manifest.
Rural populations in Canada and Finland, Lapp populations of Norway and Sweden, and the people living in the polar regions of the Soviet
Union have found that vehicles of this type are useful in hunting, fishing, herding reindeer, and for emergency transportation needs. Surely
here is an area in which industrial designers, could work with their traditional values of cost reduction and mass production. Such a vehicle,
selling for around $100 or less, would provide a new working tool for a large number of people now living under marginal conditions.
Instead, snow- mobiles are becoming more complex, more loaded with consumer values and still higher in cost.
A student design team of mine is now attempting to develop and build a first prototype of a low-cost, battery-driven snowmobile, specially
designed for the needs of the Eskimos, Northwest Coast Indians, and Lapps. Before starting on this project, we discussed it with relevant
sectors of American industry who dismissed the entire approach as impractical, silly, and 'not needed'. We shall also attempt to make our
scooter nearly noise- less and free from polluting agents.
'Education' forms the concluding part of the Kaiser Report. A country's agricultural development is related directly to a rising level in general
education among its people. In developing countries there are three-quarters of a billion illiterate people. The fact that there are 20 million
more illiterates in these countries today than there were only five years ago shows the inadequacy of educational efforts. My own low-cost
transistor radio, pictured and described elsewhere in this book, serves as a good example of how one small, somewhat 'gadgety' device may
become a link in a total educational system and thereby transcend the narrow role it was originally designed for.
It is criminal that at present no area of design for agriculture forms even a small part of any curriculum of design taught at even one school
anywhere! Instead of addressing themselves to such environmental needs, the industrial design schools are making a concerted effort to teach
design for settings far more exotic.
During the spring of 1969, six leading American design schools were involved in a competition and exhibition to design housing and working
environments for the ocean floor. The heavy publicity surrounding these endeavours was nearly drowned out by another programme which
concerned itself with the design of an entertainment centre to be erected on the moon. There is little doubt that soon men will have to harvest
the protein-rich fields that are the world's oceans. Nor will it be long before we drill for minerals and oil on ocean floors and farm the fish and
algae of the seas. And certainly before the end of this century men will look to the stars while living in semi-permanent domed settlements on

the moon. But the necessities of today cannot be neglected for the expediencies of some dubious tomorrow. Design competitions such as the
two mentioned above are usually assigned because they are more glamorous, 'glory jobs', more fun than coming to grips with real problems. It
is also in the interest of the Establishment to provide science-fiction routes of escape for the young, lest they became aware of the harshness
of what is real.
Designs will be needed when man establishes himself on our ocean floors and on planets circling distant suns. But man's leap to the stars and
his life beneath the seas is heavily conditioned by the environment we create here and now. There is something wrong when young people are
less familiar with life on a southern Appalachian farm than with the construction of a gambling casino on Mars. They are taught a lie when
they find themselves more familiar with atmospheric pressures in the Mindanao Deep than with atmospheric pollution over Detroit.

THE NEON BLACKBOARD:
The Education of Designers and the Construction
of Integrated Design Teams
Telling lies to the young is wrong.
Proving to them that lies are true is wrong.
The young know what you mean. The young are people.
Tell them the difficulties can't be counted,
And let them see not only what will be
But see with clarity these present times.
YEVGENY YEVTUSHENKO
Education for designers (like nearly all education) is based on the learning of skills and the acquisition of a philosophy. It is unfortunate that
in our design schools both of these are wrong. The skills we teach are too often related to processes and working methods of an age just
coming to a close. The philosophy is an equal mixture of the kind of self-expressive bohemian individualism best expressed in la vie boheme
and a profit-oriented, brutal commercialism. Moreover, at best the 'method' of transmitting all this is almost half a century old.

In 1929 the Albert Langen Verlag of Munich published the book Von Material zu Architektur by Laszlo Moholy-Nagy as Volume 14 for the
Bauhaus. Moholy-Nagy attempted to find new ways of involving young people with the interface between technology and design, design and
the crafts, design and art. Possibly the most important idea was to have students experiment directly with tools, machines, and materials.
Technological development did not end with the electric band-saw sheltered in some Bauhaus basement in 1919. To base education on this
kind of development is to ignore data-processing, computer technology, remote handling mechanisms, jet aeroplanes, space research: in fact
all that science and research have developed for mankind in this, their most productive half century.
When Moholy-Nagy started the 'New Bauhaus' (later the Institute of Design) in Chicago, the book was republished (by Norton in 1938) under
the title The New Vision. An expanded and lavishly illustrated re-hash of all this was brought out shortly after Moholy-Nagy's death under the
title Vision in Motion in 1947. And now, nearly a quarter of a century later, this 1947 re- hash of a 1938 translation of a 1929 book describing
design experiments carried on in 1919 still forms the basic design curriculum at nearly all American and European schools. Happily,
experiment turned into tradition marches into the second half of the century. Can we wonder that students are bored ? Can we wonder that our
young people no longer consider the university and its courses relevant to living ? Surely a student entering a design school or university in
September of, say, 1971, must be educated to operate effectively in a professional world starting in 1976, and foresee ably he will reach the
height of his professional competence in 1995, or the year 2000.
Learning must be an ecstatic experience, as George B. Leonard maintains in Education and Ecstasy. At best, for instance, learning to drive a
car is ecstatic (as any sixteen-year-old will tell you). To drive an automobile demands a fantastic combination of motor co-ordination,
physiological, and psychological skills. Watch the thousands of people driving along the Los Angeles Freeway at 5.00 p.m. any afternoon.
People controlling 2 tons of steel and machinery, hurtling along at better than 60 miles per hour, with the distances between cars to be
measured in inches. It is an impressive performance. It is a learned skill. And it just possibly may be the most highly structured noninstinctual activity these drivers engage in their entire lives. They drive superbly well; the clue to their performance lies in the original method
of learning how to drive. For to learn is to change. Education is a process in which the environment changes the learner, and the learner
changes the environment. In other words, both are interactive. Both the learner driver and his car, as well as road system, other cars, and his
teacher, are locked into a self-regenerating system in which each slight perfection of every slight skill is immediately rewarded or positively
reinforced. To return to George B. Leonard (on page 39 in Education and Ecstasy):
No environment can strongly affect a person unless it is strongly interactive. To be interactive, the environment must be responsive, that is,
must provide relevant feedback to the learner. For the feedback to be relevant, it must meet the learner where he is, then programme (that is,
change in appropriate steps at appropriate times) as he changes. The learner changes (that is, is educated) through his responses to the
environment.
The example of learning to drive an automobile, cited above, is really just a scale model of how mankind as a whole has learned to live. For
through millions of years man was a hunter, a fisherman, a sailor-navigator. As a hunter, he roamed earth as a member of a small hunting
party - a cross-disciplinary team, in a way. He evolved early (but elegantly functional) tools: evidence from Choukoutien in China shows that
Peking Man (Pithecanthropus pekinensis) fashioned stone tools long before Homo sapiens appeared on earth, and used fire as well.

Man as a hunter-fisherman-sailor was a non-specialist or a generalist, whose brain furnished him with that social under- standing and control
of casual impulses needed in a hunting group or society. We are told that even language evolved in answer to group need in the hunting party.
As hunter, man was highly successful. Equipped with spear- thrower, slingshot and bow, with knives superbly crafted of obsidian, horn, or
bone, he spread from Siberia to Spain and from the ice cliffs of Afghanistan to Mesopotamia. And adventuresome early hunters followed
bison and mammoth across the frozen Bering Strait into North America, where they settled the Great Plains nearly 15,000 years ago. They
were Homo sapiens, and they were hunters. Farmers would never have survived. Even the art works of the Upper Palaeolithic are evidence of
a fairly leisurely existence and, in Europe at least, life may have been quite pleasant for these hunters.
I am not suggesting the hunter as a 'noble savage' a la Rousseau. Compared with his farmer-descendant of the Neolithic, he may have been a
rough, nearly savage fellow. Yet as we study Palaeolithic archaeology or read about and live with the disappearing tribes still essentially
Palaeolithic today (the Bushmen of the Kalahari, the Australian aborigine or the Eskimo), we see much that is ingenious and admirable.
To quote from Nigel Calder's The Environment Game:
How do you deal with an angry bull elephant, when all you have is a sharpened stone ? You nip aside, slip in behind, and cut the tendons of
his heel. What can you do to lure a giraffe, the most timid of large animals? You play on its curiosity for bright objects by flashing a polished
stone in its direction. The Bushmen, according to Laurens Van der Post, would use lions as hunting 'dogs', letting them kill game and eat a
little, before driving them off with fire. Franz Boas tells how Eskimo approach deer, two men together, one stooping behind like the back end
of a pantomime horse, the other carrying his bow on his shoulders to resemble antlers and grunting like a deer. The despised Australian
aborigine can 'travel light' with only a few wooden and stone implements and, by his knowledge of nature, survive indefinitely in the Great
Sandy Desert. If we once let these echoes of our pre-history penetrate our sophisticated heads, they strike in us chords of excitement, if not of
envy.
Traditionally we are taught to see farming as the prerequisite of civilisation. An elaborate social life, we have been told, could not develop
until man was freed from the daily chore of fishing or hunting. Lately, however, this theory is being challenged by the view that early
civilised settlements were based on highly organised food gathering rather than cultivation. The highly structured societies of American
Indians and the salmon-eaters of British Columbia were so well supplied with food that large settlements developed.
To return to Nigel Calder in The Environment Game:
Man's chief physical disadvantage as a hunter must have been the encumbrance of his family. The human infant is uniquely helpless and slow
to mature. Accordingly, a fairly settled, well-defended domestic life was necessary from the outset. Women at home minding the children
while the men were out hunting were well placed to develop arts like cooking, clothes-making, and pottery, to experiment with new foods,
and to discover in their 'gardens' the elementary principles of plant reproduction. Jacquetta Hawkes has remarked, 'It is tempting to be
convinced that the earliest Neolithic societies gave woman the highest status she has ever known'. (Pre-history, UNESCO History of
Mankind)

In truth it was agriculture that turned man towards the fateful downward slope of specialisation. Mankind, heretofore dynamic- ally moving
through the environment as a member of a non- specialised, cross-disciplinary hunting party, now settled down to patient, millennia-long
cultivation of the soil. Instead of learning through interaction with the environment, he substituted aeons of boredom and elevated tradition to
wisdom; hence to be conservative was a virtue. With human settlements located in prime agricultural areas, natural disasters became major
destructors of the social pattern. Zealous and vengeful gods had to be appeased through priestly classes, sacrifices, and rituals. Man no longer
stood and fought his surround alone, moving freely across the globe. Instead, territory became precious and war an extension of statecraft.
As Buckminster Fuller has said, every living creature is more specialised than man. Most birds can fly beautifully, but find it almost
impossible to walk. Pigeons can do a little better at walking than most other birds, and the robin can hop. But most birds can't begin to walk at
all. Fish swim beautifully, and get along in their medium, but they can't walk and (usually) can't get out on the land. These are all highly
specialised forms of life. What is absolutely unique about man is his ability to apprehend, comprehend, and employ information, and to
undertake unprecedented tasks.
For millions of years man's 'little red schoolhouse' was earth itself. Mankind was taught to react and to behave by the environment, disasters,
and predators. But now we have replaced our 'natural enemies' with educators, and we try to learn from them. To brutally twist man away
from his natural heritage of non- specialisation in this way can only have brutal results. It is in the area of driving men into ever-narrowing
fields of specialisation that the schools and universities have made their greatest mistakes. Today's 'revolution on the campus' is the student's
intuitive reaction.
Modern technology (computers, automation, mass production, mass communication, high-speed travel, etc.) is beginning to give mankind a
chance to return to the interactive learning experience, the sensory awakening of the early hunter. Hydroponic farming, ‘fish-herding', protein
manufacture, and skyscraper farms will help also. Education can once again become relevant to a society of gerteralistsy in other words,
designer-planners. We have established in the first chapter that designers (especially) must operate on a non-specialised basis; it is little
wonder, then, that the intuitive student revolution against ''status quo education' seems often to happen first in our schools of design. For the
designer shapes the environments in which we all live, the tools which we all use. And from the unpalatable manifestations of bad design in
our society, the design student cannot remain aloof for long.
The main trouble with design schools seems to be that they teach too much design and not enough about the social, economic, and political
environment in which design takes place. It is impossible to teach anything in vacuo, least of all in a system as deeply involved with man's
basic needs as we have seen design to be.
To this dichotomy between the real world and the world of the school, there have been, understandably, many different answers.
After all, students could argue that, inasmuch as we have succeeded (nationally) in the murder, rape, torture, pillage, and genocide of some 60
million Indians; and as the nations of the world have succeeded (internationally) in murdering, napalming, atomizing, and maiming some 150
million people during the last fifty-four years alone and as another 600 million men, women, and children (one-sixth of humanity) are
starving to death, or dying of easily curable diseases within this decade; that some- where we (the designers of our environments, our tools,

and our products) have been missing the boat.
Yet the designers' Responsible' answers to such crises (last year alone) have consisted in such trivia as a $3,000, 14-carat gold toilet seat,
appetisingly advertised in the newspapers of La Jolla, California, a wall-to-wall bathroom rug made of monkey fur and selling for $12,800,
and finally, for the economy-minded, that life-sized, inflatable plastic woman at $9-95, or $16-95 for the deluxe model (see the advertisement
in Argosy, February 1969, page 93; as well as Chapter Six of this volume).
In a foundation-endowed society (with the 'Universal Credit Card' just months away), the foregoing smacks of heresy. Why, aren't our thinktanks thinking about the unthinkable ? Don't we produce the finest artificial grass? Aren't our fibreglass rocks (hollow, for easier moving) the
envy of the Free World ?
Well, what is the position of design in the West today ? We know that the twin concepts of 'designed aesthetics' and 'designed obsolescence'
are heavily interrelated, and this connection be- comes very apparent both in basic research and in the manufacturing process. Objects are
designed, made, and purchased in a variety of styles. A French Provincial TV set, a Baroque refrigerator, or an 'Early American' skyscraper
strikes few consumers, or for that matter even designers, as anachronistic and silly. Even within the narrow band of 'modern' or
'contemporary', many different stylistic approaches exist and are accepted by the public. The clear direction of the past has changed into
erratic and random fragmentation.
One cause of this fragmentation lies in our economic processes. Consumer goods of every sort, including houses, apartment buildings, civic
centres, and motels, must seem continuously new. For we buy or rent only that which is changed and, more- over, looks changed. Industry,
hand-in-hand with advertising and marketing, teaches us to look for and recognise these superficial changes, to expect them, and, ultimately,
to demand them. Real changes - basic changes - mean retooling or rebuilding; in our present system the costs of this are prohibitively high.
But to repaint and/or rearrange surfaces (interior or exterior) is just as exciting to the propagandised lay public, and can be done more
cheaply.
Thus, the vital working parts of a mechanism (the guts of a toaster, for instance) will remain unchanged for years while surface finish, exterior
embellishments, control mechanisms, and skin colour and texture undergo yearly mutations. This will hold true even if the working part is far
from perfect or in fact has major weaknesses or faults (as in the case of automobiles, motor boats, air-conditioners, refrigerators, or washing
machines). Automation also tends to make periodic re-evaluation of the real design problems prohibitively expensive. The regional planner
has become a landscape designer, the architect a decorator, and the designer a stylist or cosmetician. Mechanism and structure are relegated to
the appropriate engineer and the product lacks all unity or wholeness of purpose.
Accidentally, even the lowly stylist may strike some common associational or telesic chord that makes the consumer wish to hold on to the
product, rather than trade it in for the latest version. (Recent examples of this are the 1961 Mustang and the 1954 Porsche.) To break down
even this accidental unwillingness on the part of the consumer to throw away things, we have evolved materials that age badly. Throughout
most of human history, materials, being organic, have aged gracefully. Thatched roofs, wooden furniture, copper kettles, leather aprons,
ceramic bowls - all these and more would acquire small nicks, scratches, and dents, gently discolour and acquire a thin patina as part of the

natural process of oxidation. Ultimately, they would disintegrate into their organic components. Today we are taught that ageing (be it of
products or individuals) is subtly wrong. We wear, use, enjoy things as long as they look as if they had just been bought. But once, under
sunlight, the plastic bucket deforms (however slightly), once the fake walnut table-top melts under a cigarette, the anodizing on an aluminium
tumbler slips, we are taught to throw the offending object out.
This divorce between the working mechanism (which, because of tool and die-making costs, remains unchanged) and the more and more
evanescent skin surface has led to further specialisation and to an aesthetic based on outward appearance only. The 'skin' designers (Detroit's
stylists) disdainfully avoid the 'guts' de- signers (engineers and research people); form and function are split. But neither a creature nor a
product can survive for long when its skin and guts are separate. Finally, basic design research seems unsound because of the huge effort
needed to keep up with a rapid technology. The knowledge and care which the product itself demands are diverted.
A more durable kind of design thinking sees the product (or tool, or transportation device, or building, or city) as a linear link between man
and his environment. In reality we must think of man, his means, his environment, and his ways of thinking about, planning for, and
manipulating himself and his surround as a non-linear, simultaneous, integrated, comprehensive whole.
This approach is integrated design. It deals with the specialised extensions of man that make it possible for him to remain a generalist. Such
means and extensions already exist, but if we wish to relate the human environment to the psychophysical wholeness of the human being, we
have to develop new, modified, and growing extensions and means on several new planes. Our goal would be to re-plan and redesign both
function and structure of all the tools, products, shelters, and settlements of man into an integrated living environment, an environment
capable of growth, change, mutation, adaptation, regeneration, in response to man's needs.
All man's functions - breathing, balancing, walking, perceiving, consuming, symbol-making, society-generating - are completely interrelated
and interdependent.
Integrated design will concern itself, for the first time since the Late Palaeolithic, with unity. This must include regional and city planning,
architecture (both interior and exterior), industrial design (including systems analysis, transportation and bionic research), product design
(including clothing), packaging, and all the graphic and film-making skills that can be generally subsumed under the catch-all phrase of visual
design. Dividing lines exist between these areas at present, but the lunacy of these divisions is apparent even on the most basic level. To use
one ex- ample : What is architecture ? Assuredly it is more than the skill of building arches. Considering today's mix of civil engineering,
speculative building, contracting, interior decoration, federally subsidised mass housing, landscaping, regional planning, rural and urban
sociology, sculpture, and industrial design, can architecture even be said to exist as a separate discipline at all ?
Certainly the 'formal’ grammar of building types can be said to have been enlarged greatly during the last fifty years. Nervi and Catalano have
given us new ways of dealing with pre-stressed and reinforced concrete shells. Jim Fitzgibbon and Bucky Fuller have given us Synergetics,
Geodesies, the Dymaxion House, and the dome. Bruce Goff and Herb Greene in the United States have developed a whole new concept of
indigenous building. Bill Katavalos and I have both played with theoretical methods of literally growing buildings organically. But none of
this has really enriched the field of architecture - whatever that may be. For we are able to compute almost exactly the wind forces operating

against Herb Greene's Prairie Houses and define weight-to-cost ratio in a Bucky Fuller dome, but we have done little or no basic research
assessing in what kind of a structure the human organism lives, works, interacts optimally. There is not enough know- ledge regarding some
of the most fundamental aspects of architecture.
In other ways, architecture can hardly still be considered an area of its own (it lacks definition), and, finally, it overlaps with dozens of
different fields. In view of all this, what is architecture ? Could this be the reason why so many architects have moved to- wards city planning
and industrial design during the last decade ? And during that same time, industrial designers have concerned themselves increasingly with
the development of prefabricated houses and building components. Interior designers have developed furniture, tools, and are currently caught
up in the fad of 'Super Graphics' while visual designers develop products and make films.
There is a sort of Brownian motion going on throughout all the separate areas of design, and I believe this to be an intuitive response to
dynamically changing times, similar to the intuitive dissatisfaction and unrest of students. Surely it would be more rational to say that within
the field of integrated design, many different levels of complexity exist. These might concern them- selves with the relationship of human and
structural factors in a material (or a set of materials) that provides shelter or with the interaction between a transportation device, a road
network, and the landscape.
If we speak of integrated design, of design-as-a-whole, of unity, we need designers able to deal with the design process comprehensively.
Lamentably, students so equipped are not yet turned out by any school. For their education will be less specialised and take on to itself many
new disciplines now thought of as only distantly related to design, if related at all.
Integrated design is not a set of skills, techniques, or mechanical processes, but should be thought of as a series of biological functions
occurring simultaneously rather than in a linear sequence. These simultaneous 'events' can be thought of as initial fertilisation, developmental
growth, production (or mimesis), and evaluation, the latter leading to re-initiation or regeneration or both, thus forming a closed feedback
loop. Integrated design (a general unified design system) demands that, through careful analysis, we establish at what level of complexity the
problem belongs. Are we, for instance, dealing with a tool that must be redesigned, or are we dealing with a manufacturing method in which
up to now this tool has been used, or should we rethink the product itself in relation to its ultimate purpose ? Answers to questions like these
do not yield to 'seat-of- the-pants' examination.
A second area of investigation (unavoidably entwined with the previous one) is the historical perspective of the problem. All that we design is
an extension of the human being (usually from generalisation to specialisation). While a high-fidelity system, for instance, may be loaded
with associational values and carry a great deal of status, basically it is an extension of the human ear. As we have seen in our six-sided
function complex (Chapter One) all design must fill a human need. The history of man's emphasising or de-emphasising particular needs and
how they have been met is vital to the understanding and initiation of new pro- ducts or systems serving these needs. Furthermore, such needs
will he re-examined and regrouped with other needs or systems as the culture changes. Thus when the human, historical co- ordinates of an
idea are found, certain principles can be applied to find out what particular phase of the idea we are dealing with.
Another consideration must be that of human factors. If we assume that all design is an extension of man (either good or bad), the relevance

of humane values is obvious. Any design, on this level of consideration, is an organic substitution or implant (much like a transplanted heart,
an artificial kidney, contact lenses, or a prosthetic hand). As such it must be recognisable and usable not only by the so-called 'five senses', but
also by the inner senses, both psychological and kinesthetic. Furthermore we must recognise the artificiality of this divorce between outer
perceptions and the inner responses in man, for it gravely jeopardises any unified human factors study.
Next, in integrated design we must attempt to place the problem in its social perspective. We have paid lip service to the concept that the
entire factory system and automation (both are, as "of this writing, supreme extensions of man) will result in making all that we feel we need
available without effort, to all people, in all places, and at all times. But as our living patterns (and what we now think of as needs) change
radically, the ultimate consumer values may no longer be 'availability' and 'effortlessness'. Taking the long view, we can see that our attempts
to remove all of our activities from the manual to the mechanical and then to the automatic indiscriminately may be quite wrong, as we have
seen in examining the automobile vis-à-vis our 'Triad of Limitations' in an earlier chapter. Chronically, we have failed to distinguish the
means from the end, and we have made mechanical what should have remained manual, and have made automatic that which might have
been more rationally replaced with an entirely different system. A good example of such wasted energy is the automatic gear shift. The actual
energy expended by the driver when shifting gears is incomparably smaller than the energy expended in manufacturing the automatic shift,
not to mention the energy required to supply the factory and the automobile with the additional raw materials and man-hours required to make
it. To quote Bob Malone (in an unpublished paper from 1957) on this:
Is the automatic gear shift then a true advance in humane design or not ? Since it tends to remove man from a basic and relatively simple use
of his motor responses, rather than to simplify and integrate the processes, we can see that the validity of the automatic gear shift is illusory.
When a true need or desire is satisfied for a passive human being with- out effort, the result is not gratification, but rather a: more complex
level of dissatisfaction. The man caught helplessly in a natural catastrophe has good reasons to think about human dignity and to wish that the
material necessities of his life could be met more simply.
Another level of social consideration in integrated design must consider social groups, classes, and societies. Much design must be reexamined to see how far it may perpetuate class systems and social status. As more and more methods of social classification, stratification,
and class identity break down, there is a ready market for products used to express social ambition and strivings for status.
Cassette-type tape recorders now come in nearly forty models. All of these are battery-powered (with optional power cords); they all use the
same interchangeable tape cassettes, are nearly identical in size and weight, possess identical 'guts' (often several different brand names are
manufactured in the same factory, like aspirin) . . . The casing (or 'skin') of these recorders is the identical black, or sometimes grey, plastic;
they have the same number of control knobs; name plates are in identical positions, and they all are sold in nearly identical black 'leatherette'
carrying cases. Nonetheless, they are priced from $22-95 to $I49'S° (with fifteen price-breaks in between) and, what is more surprising, are
selling well in all price ranges.
Stylist-designers help to maintain present-day divisions between various income levels in a consumer society. By pooling present 'state-ofthe-art' knowledge regarding cassette-type tape recorders and manufacturing just one optimally useful type, it should be possible to reduce
costs to a retail level of about $9, and thus make possible a number of breakthroughs: magazines could be 'published', letters 'written', and

education conducted - all on tapes that everybody could afford.
An opposite example is tratofflor, leather and wood slipper- shoes made in Angelholm, Sweden. This footwear can be worn both at home and
(with casual dress) on the street. They sell for about $4 a pair in Sweden. The upper part is made of cowhide; last and heel are shaped of
wood. The soles are rubber. All three materials age well. These slipper-shoes are orthopaedically beneficial to the foot as well as comfortable.
They have a life expectancy of at least four years, can be worn in every kind of weather and, being nearly identical, cut completely across
social and in- come classes, conveying no idea of status. (It is interesting to note in this connection that, of late, tratofflor are being made in a
variety of textures, colours, and artificial materials. This makes them tend to wear out faster; repairs are more difficult and some- times
impossible.) They constitute, in their original form, a superb example of indigenous, non-manipulated design. Several brands of tratofflor
have recently become popular in the United States where they became known as 'Swedish clogs' and sold at higher prices.
Part of the philosophical and moral bankruptcy of universities and design schools lies in their ever-increasing trend to train students to
become narrowly 'vertical' specialists whereas the real need is for broad, 'horizontal' generalists or synthesists. Nearly everything in today's
university milieu militates against educating for general synthesis. Prerequisite courses, co-required courses, 'required electives', and empirebuilding by deans and professors with their own vested interests at stake make education for a broader future nearly impossible. When we
remember that the price which a species pays for specialisation usually is extinction, this becomes even more criminal. It is to the credit of the
young people of today that they have smelled all of this out and are trying to change it.
Ideally, of course, groups of concerned young people of all ages would meet together to engage in design. This would mean to learn, study,
teach one another, experiment, engage in research and discussion, and interact with one another and with people from disciplines not
generally subsumed under the heading of design. Such a group would be small (thirty to fifty in number), and its members might stay together
for weeks, months, or even years. Individual team members or small groups might, at will, detach themselves from the group, travelling or
working directly with other groups or with manufacturing systems. Computer- assisted learning programmes, as well as computer-assisted
data acquisition, storage, and retrieval would of course be available to all members of the team.
But it is probably more meaningful to determine what can be done right now and in the immediate future.
In establishing a five-year undergraduate curriculum for industrial and environmental design (at Purdue University), I took care that each
student's programme of study consisted of as free and broad a mix as was possible. We attempted to break down the false dividing lines
between the various specialised fields of design such as visual design, interior design, industrial design, etc. Part of this was also training with
twentieth-century tools of communication and expression such as computer sciences, photography, kinetics, cybernetics, electronics, and
film-making. In addition to exploring verbal, visual, and technological methods of transmitting information, the students were encouraged to
participate in other disciplines of concern to integrated comprehensive design. Thus sociology, anthropology, psychology (perception, human
engineering factors, ergonomics), and, in fact, all the behavioural sciences were stressed. Because both individual human beings and social
groups are biologically functional, the so-called life sciences must be a keystone in the study of systems, forms, structures, and processes.
Hence, a study of chemistry, physics, statics, and dynamics was more than augmented by work in structural biology, ecology, and ethology.
This led to courses in theoretical and applied bionics and biomechanics (cf. Chapter Nine). Finally, nearly one-third of all undergraduate time

was left open for entirely free electives, which meant in practice that a student could assemble a 'minor' in some area that was of concern to
him, such as anthropology or political science.
It is unfortunate that almost all schools or departments of design in the United States require an undergraduate degree in the same field as that
in which the student hopes to do graduate work. We chose a different way, because of our passionate belief that the true design needs of the
world must be carried out by cross-disciplinary teams. Hence, for graduate work we did not require four or five previous years of study in
industrial design, architecture, or some other design area, but preferred taking our young people from the field of behavioural sciences. This
added meaning to their work.
I make the (in today's educational circles, radical) assumption that my students are in class because they wish to study design. It is for this
reason that we must reject the notion currently popular in America that the professor's role is authoritarian, disciplinary in nature, and that the
teacher should be a part-time policeman. Therefore, students are free to come and go, and their class attendance is never noted down in an
ominous little black book. Grades (a mechanical method for determining the relative proficiency of each student within the group) are never
used in that manner. Instead, students whose ability is clearly superior at a given point in time are encouraged to 'skip' entire semesters or
even school years.
Those who seem to find it difficult to work meaningfully in design are counselled to go into other fields, or other schools. This relaxation of
the professor's role as a disciplinarian removes one of the most harmful and destructive side effects of American education: competition and
aggression. It is plain to see why these twin drives are encouraged in our educational processes, for without them the profit system would fail
utterly. Each student should be able to demand the 'highest standing in class' (a grade of A) for a semester's work before the semester begins.
This, and the other grading procedures outlined above, fulfil a double purpose. For one, they expose the bankruptcy of the competitive
university system; secondly, they liberate the student from the cares, worries, and pressures over his marks which sometimes end in suicides.
Instead the student becomes a participant in his own growth, is changed by his environment, and in turn, changes it.
Today's student (child born in the era of television, electronic information, and film) brings many different skills to school before the first
lesson has been taught. Unavoidably, he will be possessed of more recent, more accurate, or more relevant in- formation in some fields than
his professors. Therefore, a class of ten students and one professor is really a group of eleven teachers, eleven researchers in search of
knowledge, whose differing back- grounds complement each other. In schools where I have worked we encouraged the students to teach each
other. If we were lucky enough to have a student in class who worked in the electronics industry at some time or who drew exceedingly well,
he would be asked to take over the relevant teaching. For it has become abundantly clear by now that the main task of the school is to learn
from and be changed by the students.
Students in advanced classes must have the right to vote on who teaches. In my school they help us write our ever-changing curriculum and
frequently initiate entirely new courses which they feel are needed. In order to experience different working conditions, students not only
work on individual projects but are also frequently given an opportunity to work in 'buddy-teams' (two students). Often larger teams are
formed encompassing students and professors from different disciplines. The problems to be solved may vary in time from simple two-hour
exercises to problems lasting a month or two. In some cases, a larger team may work on a more formidable problem for a full year. Since each

student, in order to learn the meaning of integrated comprehensive design, is encouraged to analyse each given problem thoroughly for social
and human content, every student has the right to refuse work on any particular problem and to substitute a different problem of his own.
Students also have the right to challenge whether a problem should be undertaken by the entire class. Such topics are settled in free and open
discussion; from time to time problems are changed or substituted as a result of these discussions.
The old saying, ‘A teacher can learn from a student', happens to be literally true. It is for this reason that I encourage students to involve
themselves in teaching in some manner. It is only through explaining the absurdities of our social system to others that we learn to see
through them ourselves. And it is through teaching and working with groups usually not within the experience of the designer that we begin
to understand the true needs of people or sometimes even the existence of certain groups. As Ho Ching-chi wrote in his introduction to his
opera, The White-Haired Girl: The people are our teachers, and it was they who taught us what work to do. They are our most reliable judges
and authoritative critics. They are sometimes the creators of this art. . .' (Peking, 1954).
For this reason, too, I urge students to travel widely and to work in many jobs - jobs not necessarily in design. They may work in offices,
industry, or factories and farms. Such work forms a required part of their study during summer vacations; a full year of 'internship' is helpful
whenever practical.
A more ideal learning environment, possible today, is de- scribed in Chapter Twelve.
As mentioned above, the experience of working as part of multi-disciplinary teams is essential. This may be one of the hardest things of all to
teach. Young designers have been sold and over-sold the concept of the lonely, struggling genius, the individual problem-solver. Reality does
not bear this out. Most working designers today find themselves part of a team (like it or not). They may attempt desperately to hold on to the
reassuring self- delusion that they are working alone, but, in fact, they are not. A typical marketing enterprise today will consist of upper
management personnel, market and motivation research experts, advertising people, production engineers and, often as not, consumer
psychologists. Some of these people wield decision- making powers; others may work as consultants; still others may have broad advisory
powers. In many cases, in fact, the designer finds himself just a sort of vermiform appendix to the marketing- cum-advertising brigade.
Integrated design needs teams of specialists too - specialists from areas whose orientation is not private profit-making, but rather a human and
humane concern for man and his environment. Such a team might consist of a designer, an anthropologist, a sociologist, and people in
specialised areas of engineering. A biologist (or at least someone versed in bionics and biomechanics) and medical and psychological experts
would complete the team. Last, but very importantly, the people for whom the design team works must have representation on the team itself.
Without the co-operation of the eventual 'clients', no socially meaningful design can be done. When students are first faced with this concept,
they try to escape a confrontation with some client groups by assuming that there will be communication difficulties, or that the members of
the group might be too ignorant to realise their own needs fully. Such lack of faith in the people can never be really justified.
I have operated on design teams which included uneducated rural poor people, small children, or mentally disturbed patients. While a
communications link was slow and difficult in coming about, we finally succeeded in every case, and as a result were made directly aware of
needs which the professional opinion- takers didn't realise or considered unimportant.

The above is by no means a 'blueprint' for an ideal team, as many other disciplines may need to be represented in specific cases. Aside from
the socially progressive orientation of such a team (compared with the marketing team mentioned earlier), our new team no longer consists of
managerial decision-makers and consultants, all of whom think of the designer as a sort of glorified 'errand boy'. Rather, it is a free and equal
team of professional experts whose only aim lies in designing-planning. It is the task of the design team not only to solve problems, but also
to search for, isolate, and identify problems that need solutions.
It is in this last area: locating, isolating, and identifying problems, that the schools fall lamentably short and in fact often provide no practice
for the student at all. Students in most learning situations are asked to solve projects. This means that a 'special-case' situation is presented to
the student and, after a certain amount of time, the student is expected to regurgitate a 'special-case' answer to the teacher. Thus, he may be
asked to make a ceramic teapot for six cups of tea, and this (embellished in his own particular way) is precisely what he will return to the
teacher. Instead of the concept of a ceramic teapot, we could as easily have substituted the design of a better chair, a city plan for the Chicago
ghetto, or a magazine cover. It really does not matter what specific design problem gets plugged in, for in each instance it is a 'special-case'
situation, and that is not the way things work. Even if all the problems assigned were to be socially relevant, the 'general-case' learning
experience of the student would still be nil. The human mind, as well as human problems, continuously moves from generalisations to
particulars and then broadens out to generalisations again. It is a never-ending pendulum swing between 'special case' and 'general case'.
A problem can be assigned as either a special or a general case. What is important is the functional processing of the idea by the student, the
designer, the team, or the class, as well as their understanding of this process and its links to other similar processes. A few examples will
suffice: a problem may be assigned as 'special case'; for instance: 'Design a chair!' The student will then move from this special case out
towards the generalisation 'chair'. He will review alternative design strategies and, from these, develop a number of so-called 'sets'. These
'sets' are various directions, general and often mutually exclusive, in which the problem can be solved. Just a few of these 'sets', which the
student may discover in a general case, could include: a disposable chair, a chair for people with injured backs, a chair for children in primary
schools, a method of sitting in a boat, a chair for performing some specific technical task such as playing in a string quartet, a 'fun' chair that
will appeal to a particular sub-group, etc., etc., etc. The student now selects his particular 'set' out of the general case and proceeds to work
towards his own special- case solution.
A 'general-case' problem statement might be: 'Design some- thing to help underdeveloped countries!' The student now has to engage in a great
deal of research from various sources and disciplines. From these he may eventually narrow down to the special- case concept 'bicycle-like
power source'. But in developing this design concept he will unavoidably find many spin-offs and spill-overs and thus again arrive at many
general-case solutions and applications. (It is specifically this type of problem that is almost never set in school.)
It should be obvious that in any team design problem the flow "diagram will be as in Diagram B. Many different students are assembling
general-case information through research and bringing this together as an information package to be commonly shared under 'special case'.
From here they will again fan out to many general-case solutions.
The designer or student may start with a general- case idea input at No. 1, confidently expect to reach special case at No. 2, and hopefully
plan to derive an answer at No. 3, However, No. 2 is a locus for at least six different disciplines, and he may in fact eventually emerge at

either general- or special-case points No. 4, 5, 6, 7, 8, ... or 'n'. Diagram E then becomes a schematic representation of a series of interlinking
'events', each one of which can be represented by a flow chart, each flow chart carrying with itself the bias or 'set' of its own particular
discipline.
(Note: We must remember that our schematic representation of the design process of multi-disciplinary teams as shown in Diagram E has
been reduced to a two-dimensional sketch. A truer representation of this flow of information and processes would be a three-dimensional
model consisting of a number of tetrakaidecahedra, close-packed in space. Loci or information- exchange areas would then be represented by
the hexagonal faces; directions of design processing by the axes of the square faces.)
Now let us examine the flow of a real design problem through our schematic. An illustration of this will be found as Diagram F: At No. 1
(triangle V) the designer enters the picture with a special case problem: design a chair'. Triangle 'a' represents his normal data-gathering
phase, bringing him to point No. 2, the general-case collection of his ideas. At this point he is still independently acting as a designer; if left to
his own resources he would eventually emerge at No. 3 (triangle 4b') with, say, a low- cost desk chair for secretaries. Still left to his own
resources, he might now, still at No. 3, begin his next design job (another chair, a tool, or whatever). This would carry him through triangles
V and id\ (In fact the undisturbed activity of a typical designer- specialist of today can be read as the cyclic axis: a, b, c, d, e, etc.) However,
our designer friend is not a specialist, but rather a member of a multi-disciplinary team. When he reaches No. 2, he has not only reached
general-case data, but also the intersection of several other lines of thought. For here the medical doctor, for instance, will bring forward
information regarding sitting postures (normally the doctor's own cyclic axis would continue towards triangle 'w' as well as x, y, z - the
treatment of work- induced diseases). Here at No. 2 the sociologist (axis: p, q, r, s) and some secretaries as representatives of the client group
(axis: g, h, i, j) also intersect. Our designer, through meeting and working with many other team members, may finally emerge at, say, No. 7
(triangle 'm'), which might be a systems design for a communications device that permits secretaries to work in their homes.
As has been explained earlier, in order to understand all the ramifications of integrated comprehensive design fully, it is necessary to try to
become aware of all the parameters that have bearing on the design process. Since there are so many factors and variables involved (more
than can possibly be kept in mind), I find that the simplest solution is to externalise it by constructing a flow chart. A flow chart (as my
students and I use it) is generally a large roll of brown wrapping paper pinned across an entire wall. Written down on it are all the various
aspects that have bearing on analysing the design. Diagram F:
Schematic representation of the behaviour of a multi-disciplinary team. Only a small section of the hexagonal net is shown.
Recently, during the primary design stages of a playground for a slum area, such a chart was constructed. Some of the factors that appeared
on the chart were: Psychological and physiological needs for participation, exercise, and group-needs of children at various age levels. What
kind of supervisory personnel would be needed, and how available they were in the area. What kinds of playground equipment could be
designed and built and with what resources, what tools and processes. How money could be raised for this.
What materials could be used for constructing equipment and toys, and what were the characteristics of these materials under: (a) extremely
hard wear and use; (b) frost, ice, snow, storms, and hard rain; (c) prolonged use over a period of five to fifteen years; (d) dangers of shearing,

splintering, torque, or fracture while being used by a child; (e) toxic characteristics of the various materials and colouring agents; (/)
perceptual and psychological responses of children (at various age levels) to the colours used; (g) relative ease of care, maintenance, repair,
and replacement of equipment, etc. We also included questions regarding the setting of the playground within the neighbourhood area with
such determinants as: (a) location of playground entrances in relation to main traffic arteries; (b) number of streets to be crossed by children
hoping to use the playground; (c) illumination of the playground at night; (d) accessibility to homes and other neighbourhood centres such as
nursery schools, kindergartens, day- care centres, etc.
We also listed possible ancillary services such as toilets, drinking fountains, a swimming pool, a wading pool for small children, telephone
facilities, first-aid equipment, a rain shelter, benches for older people, landscaping (grass-planting, bushes, trees, and flowers), etc. We also
listed activities other than play which might take place within this area, such as outdoor concerts, motion-picture showings, or street theatre
for older people; 'story-time' and 'sing-alongs' for smaller children; dances and athletics for teenagers, etc. Climatic considerations also had to
be applied: could parts of the playground be flooded for ice-skating during the winter ? Could some of the hills (which we were to create with
bulldozers) be used for bobsleds, sleds, and skis? What about drainage problems during rainstorms and after the melting of the permafrost in
the spring ? These are just a few of the areas which we considered on our flow chart.
A flow chart works in a quite simple way: We listed all the parameters we could think of (some of which are mentioned above), putting each
under whatever classification seemed to make most sense. Under activities, for instance, we might list climbing, jumping, running, sliding,
singing, talking, and many, many more. After everything had been listed, we then began to establish relationships where none seemed to exist
before. For example, under 'materials' we listed sailcloth or heavy canvas. Its characteristics are (when stretched and supported like a
membrane) buoyancy and comparatively resilient softness. This could now be brought into a direct relationship with 'jumping' and suggest a
trampoline-like structure to us. One of the most import- ant functions of a flow chart is that new relationships or inter- linkages can be read
directly off the wall and that solutions, or at least directions for solutions, emerge without their ever having been consciously listed. Another
point about a flow chart, of course, is the fact that it can, by definition, never be complete. That is, new concepts and entire new categories
can be added almost indefinitely, and hence new relationships and inter-linkages will constantly emerge.
At this point, half of the flow chart (or triangle 'a' in Diagram A, above) has been completed. The second half of the flow chart (triangle 'b')
will consist of implementation. That is, who does what, when, how, and by what date. Here again, alterations and additions can be
continuously performed. The entire design team keeps the flow chart on the wall until after the design job is completed.
We can now establish the work flow of any design job:
(1) Assembling a design team representing all relevant disciplines, as well as members of the 'client group'.
(2) Establishment of a primary flow chart (triangle V part only).
(3) Research and fact-finding phase.

(4) Completion of the first half of the flow chart (triangle 'a').
(5) Establishment of the second half of the flow chart (triangle 'b'): What to do'.
(6) Individual or 'buddy-team' or team design and development of ideas.
(7) Checking of these designs against the goals established in the flow chart, and correcting both the designs and the flow chart in the light of
these design experiences.
(8) Building of models, prototypes, test models, and working models.
(9) Testing of these by the relevant user-group.
(10) Results of these tests are now fed back into the flow chart,
(11) Redesign, retesting, and completion of the design job, together with whatever written reports, graphic communication, statistical support
data, or working drawings are necessary.
(12) The flow chart is then preserved, to be used as a follow- up guide in checking actual in-use performance characteristics of the designed
objects. After this the flow chart is filed, to be used as a guide for future design jobs that are similar in nature.
It should be obvious that in reality the design process can never follow a path quite as linear and sequential as suggested by this example. (For
one thing, new research data emerge continuously.) Nonetheless, this should give some idea of a flow chart and its use in design.
While participating in a design conference held by the Scandinavian Student Design Organisation (SDO) at Copenhagen in the summer of
1969, it was my job to construct a 'general-case' portion of a flow chart, concerned with the social and moral responsibility of the designer and
his position in a profit-oriented society. This is a large job indeed. In fact, this entire book attempts to address itself to precisely that question.
Nonetheless, the flow chart is reproduced in this book, and a few explanations are in order. As the meeting dealt with the question of
handicapped people, columns A and B attempt to point out that all people are handicapped in some way or another for at least part of their
lives. One small entry in column A has been isolated: the concept 'blindness'. Here an attempt has been made to show that even people
wearing only mildly corrective glasses are somewhat handicapped in the area of seeing. Seven out of more than 200 optical disturbances have
been listed.
Column C lists the real needs of the people (partially and imperfectly at best). Column D, 'What the people want', is empty for reasons that
will appear later. Column E lists what the people are told they need and want - in other words, the substitutions made by our society for real
needs. Column F shows the processes used in achieving these false goals, and column G at- tempts to show just a few of the repressive
measures used by our society to prevent the attainment of real goals. Column H, labelled 'How to change this', lists the revolutionary and

evolutionary activities of education, creativity, social planning, and research. Through links it attempts to show that it is these processes that
are 'design'. Under column I a number of thoughts (even catch-phrases and slogans) have been put down, in the hope that more will be added.
Interestingly enough, it is the connection between social planning, revolution, creativity, education, evolution, and research under column H
and these random thoughts under column I that provide us with our first major insight into column D ('What the people want'). Finally,
column K attempts to show the make-up of a design team, together with some of the specific disciplines that must be fed into it. At the
extreme right of the chart, a large arrow points to six activities. It is these six activities that will eventually make up the right half (triangle 'b')
of the flow chart, things to do, the 'operative' phase. All socially relevant, integrated comprehensive design must be operative - that is, related
to the true needs of the people. The accompanying flow chart is far from complete, both in the number of entries or even in the number of
relationships or link- ages established between what entries have been provided. The reader is encouraged to play with the flow chart, to add
to it and discover his own relationships. The right half has been purposely left open: completed, it will form a social and political blueprint for
tomorrow - for society as well as for design - far beyond the scope of this book.
It can be argued that the subject of this particular flow chart is too broad. But flow charts are, by their very nature, 'general-case' statements. A
very narrow subject would have become too highly technical for general understanding.
All this, however, is merely a broad philosophical background. What about specifics ? What sort of things can be used in training students to
design ?
During the summer of 1968 a multi-disciplinary team of design students (under the guidance of Yrjo Sotamaa, Zoltan Popovic, Barbro
Kulvik-Siltavuori, and Jorma Vennola) worked with me on a small island in Finland and invented, designed, and built a foldable, movable
environment for children with cerebral palsy. This environment included toys, exercising devices, and many other pieces of equipment. We
met in Helsinki, after the eight student members of the team had already played with and inter- , viewed the children. They had also spoken to
parents, visited clinics, playgrounds, and homes. They had found that little or no equipment had been specifically invented or provided for
children with cerebral palsy and that some of the toys now in use to train such children in specific motor skills were inhumane and barbaric.
(CP children must be trained to use their thumb and index finger in grasping. It is their natural tendency to use the other three fingers instead.
Until now they have been trained by strapping or tying these three fingers together, thus being forced to use thumb and index finger alone.
Several toys were designed and made that provided reward-sequences and enjoyment to the child only when he used the first finger and
thumb. In this way the medieval practice of forced restraints could be abandoned.) The students also found that clinics and hospitals were
drab and unexciting.
We made a flow chart and met as a team, together with two experts in child psychology and neurophysiology from Sweden.
As a team we spent a total of twelve hours developing a two- metre cube which knocked down into two sections each 2x2 x 1 metres in size.
This module permits the two parts of the cube to be moved easily from clinic to clinic, to be carried through doors and transported on small
trucks. Once erected at the clinic (indoors or outdoors), the cube unfolds into a play environment that is two metres high, with equipment
covering an area of 16 square metres. It is bright and colourful and includes slides, climbing, a crawling surface, and many individual toys. It
is also easy to build and low in cost. Our first prototype cube was built and completed (including toys) in thirty hours of teamwork and then

tested with children. We called it 'CP-I' to suggest that it was merely the first of a generation of similar cubes, each one of which would be
modified by testing and experiences with children. We also assumed that other cubes (for instance, for hydrotherapy, autistic and retarded
children, etc.) will eventually be built. A fuller discussion of this, together with photographs, will be found in Industrial Design, November
1968.
During January 1969 students at the State School of Design at Oslo, Norway, worked with me for two weeks to develop a playgroundenvironment for the backyard of a group of old, inner-city apartment houses. The six buildings comprised in the area housed nearly seventy
children who could play only in the dangerous streets as the three backyards were given over to garbage pails, high metal fences, and laundry
lines. The students began interviewing the residents of the various buildings.
Through their interviews many new facts emerged for our flow chart: elderly people declared themselves uninterested in meeting new people
or talking with them, but took great pains to invite our students into their homes for periods up to two hours and served them tea and cookies
while telling them so! With some justice, we felt that some of these older people were un- aware of their own motivations and needs, and
could be drawn into the social group. Some might even be willing to help supervise play. Younger people were strongly in favour of
constructing the playground, and many offered to help with money; a few ashamedly confessed that they were too poor to help financially.
We felt that it was precisely the poorer people who, by being taught to help through their work instead of monetary contributions, could be
drawn more strongly into a social group engagement.
The parents promised to support the work, as the nearest park or playground was several miles away. The youngest person interviewed was a
four-year-old boy who immediately began peering out the window to see if the playground was there yet. We can imagine that he kept
pestering his mother and the neighbours day after day, relentlessly, as small children do, and that, in fact, he was probably our strongest
propaganda weapon. After our flow chart had reflected such diverse data as interview results, mean annual sunshine distribution, newer
methods of storing the garbage, etc., we were ready to go to work.
The students were appalled to find that the backyard was infested by rats and that the children played with the rats and thought of them as pet
animals, something of the order of small dogs. We saw that design would have to go beyond a playground to include factors of public health
and hygiene. Because of the social relevance of this project, other students from the Architectural School, the School of Landscape, and Oslo
University became interested and volunteered their help, even though students from these schools normally have little or no contact with the
State School of Design.
I must admit that at first many of the students became interested because of the novelty of the problem. Later they found that being involved
in this type of social design is much more difficult than creating still another teapot or a perfect salt cellar. Many were discouraged, and some
dropped out. Yet the landscaping, the design and development of equipment, drawings, and a three-dimensional model of the eventual
playground were completed in time.
The next step would be to invite the people now living in these tenements (including the childless and the elderly) to see the work that the
students had done. It would then become possible to mobilise the people living there to work with the students in building the play

environment. Benches and 'quiet corners' had been provided for older people; an inner courtyard apartment was to be turned into a laundry
area with one or two washing machines so that the mothers could wash their clothes, drink coffee, gossip, and watch the children. But even if
this playground were to be completed, this would not end the work.
By accepting the responsibility of involving themselves with the people living there, the students had also accepted a more permanent
responsibility towards these same people. It was up to the students that outdoor movie showings, guerrilla theatre, poetry readings, and 'singins' be brought to the backyard on long summer evenings. Through engaging in these activities, the students came to a closer and 'operative'
understanding of the people's problems; the people, in turn, assumed a more active role in shaping their own future and gained pride and
identity. A secondary result should spring from the playground: its evident success should stir other communities and tenement blocks into
similar actions.
At Purdue University we concerned ourselves with the problems of paraplegic, quadriplegic, spastic, and palsied children. We designed and
built a series of vehicles with built-in motivational factors that will provide healthy exercise and training for these children. A study showed
that the nature and extent of their handicaps and abilities varies greatly. Some can use only their arms, some only their legs; with others the
entire right or left side is useless; a few have the use of only one limb. However, in many of these cases it is healthy to exercise the useless
limbs. One thing which all these children have in common is a great enjoyment of speed. The vehicles illustrated were designed so that they
can be operated with one or more limbs; the others are exercised in the process. The harder the child exercises, the faster he goes. Hence,
enjoyment and exercise go hand-in-hand. The vehicles were tested with handicapped children and were turned over to local clinics.
Let me give another example of design used effectively for disadvantaged people.
The American South and the Midwest are criss-crossed by railroad tracks, with the depot usually in the downtown area of the town or village.
So as one of our projects my students and I designed three trains, each to serve a specific function, to be staffed by trained personnel, and to
be parked in a small town for three or four months at a time. One of the three-car trains will operate as a vocational re-education centre; the
others will provide birth-control information, ophthalmology clinics to issue glasses, clinics to perform dental services, issue corrective
devices for birth defects, and operate in disaster areas and as epidemic control centres.
Our work for migrant Mexican farm labourers and for thewhite, alienated rural poor of eastern Tennessee and western North Carolina was
desperately needed by them.
Because Navaho, Hopi, Zuni, Mescalero Apaches, and other Indians feel that, for moral and religious reasons, they must have a large share in
the construction of their homes and because, furthermore, they move twice a year, from their winter camp to their summer grazing land and
back, and because they feel it is wrong to kill vermin, we worked on a shelter design for their very special needs. One of our graduate students
developed a minimal shelter (related more closely to the Navaho's concept of space than to an 'adapted' white man's house) that keys in
exactly with the Indian style of life. The shelter is woven in parts (weaving is a major Navaho skill), and the wool is vermin-proofed during
the weaving process. These woven parts are stuffed with dried native grasses that insulate against extremes of heat and cold. A number of
these parts can be zipped together (thus the shelter is self- erecting) to form an enclosure of nearly any desired size. Zipped apart, it can be

easily moved on horseback during the two annual treks. All in all, it is far better suited to the territorial, cultural, and religious aspirations of
the Indians than the confections doodled up by the Department of Health, Education, and Welfare.
In ending this brief list of a few gadgets and designs, we should also concern ourselves with what the student has gained. Obviously he has
engaged in research, worked with a team, met the needs of people, operated with a flow chart, and gained new skills and new insights. But the
actual learning content of these problems is far greater than that, going from the immediate to the more permanent. A series of educational
steps and learning experiences have taken place, all of them on an interactive level.
It might be best to list them now:
(1) The student has located, identified, and isolated a problem. In so doing he has interacted with other members of a multi- disciplinary team
and engaged in a meaningful work experience with a group of clients whose existence and needs were previously unknown to him.
(2) Through his work he has made the client people aware of the promise that design (applied intelligently) can hold out for them. He has
satisfied their needs at least partially.
(3) By working with and helping the group, he has exposed
(a) the needs of the group to society;
(b) the lack of knowledge on the part of society regarding the needs of the group, or the very existence of the group;
(c) the cynical indifference of the governmental power structure and industry to most of the genuine needs of people;
(d) the inability of traditional design-as-it-is-taught to cope with genuine social problems;
(e) the existence of methods and disciplines to work intelligently for these needs;
(f) the obvious lack of schooling and training in this, the most important area of design.
(4) He has engaged in satisfying work; never again will it be possible for him to engage in the kind of design directed towards 'good taste'.
Having experienced this kind of work, he will for- ever after feel a little ashamed when he designs a pretty, sexy toaster.
He will for ever after feel a little ashamed when he designs a pretty, sexy toaster ...

DESIGN FOR SURVIVAL
AND SURVIVAL THROUGH DESIGN:
What Can We Do?
Some men see things as (hey are and say, why ?
I dream things that never were and say, why not ?
ROBERT F. KENNEDY
Again: design is basic to all human activities. The planning and patterning of any act towards a desired, foreseeable end constitutes a design
process. Any attempt to separate design, to make it a thing-by-itself, works counter to the inherent value of design as the primary, underlying
matrix of life.
Integrated design is comprehensive: it attempts to take into consideration all the factors and modulations necessary to a decision-making
process. Integrated, comprehensive design is anticipatory. It attempts to see trends-as-a-whole and continuously to extrapolate from
established data and intrapolate from the scenarios of the future which it constructs. Integrated, comprehensive, anticipatory design is the act
of planning and shaping carried on across all the various disciplines, an act continuously carried on at interfaces. In metallurgy it is at the
boundary layers (the interfaces between crystals in metals) that action takes place under force. These very imperfections make it possible for
us to shape and deform metals mechanically. Geologists tell us that the great changes on earth take place where forces meet along boundary
lines. Here surf meets shore, fault blocks move in different directions. Diamond cutters cut along flaw lines, the sculptor's chisel follows the
grain, and naturalists study the edge of the forest meeting the meadow. The architect's main concern is with the juncture between building and
ground; the industrial designer is concerned with the smooth translation between working edge and tool handle, as well as with the second
interface, the 'fit' of tool and hand. Passengers relax visibly after that split second when the aeroplane finally leaves the ground, and for every
navigational map of the ocean, there must be a thousand showing reefs and shorelines. We fight our wars over symbolic boundaries which we
draw across our maps, and find life's most shatteringly poignant experiences are crossing the boundary lines of birth and death; our apotheosis
is the sex act: ultimate encounter between interfaces.
It is at the border between different techniques or disciplines that most new discoveries are made, most action is inaugurated. It is when two
differing areas of knowledge are forcefully brought in contact with one another that, as we have seen in a previous chapter on bionics, a new
science may come into being. Frederick J. Teggart, the historian, says that 'the great advances of mankind have been due, not to the mere
aggregation, assemblage or acquisition of disparate ideas, but to the emergence of a certain type of mental activity which is set up by the
opposition of different idea systems'.

Acceleration, change, and the acceleration of change itself arise from the meeting of structures or systems along their edges. Intuitively,
young people today have sensed this; their repeated use of 'confrontations' is a symbolic, externalised illustration of this fact.
By its very nature the design team thrives on such confrontations, being itself born of interfaces. The design team is structured to bring many
different disciplines to bear upon the problems that need solving, as well as to search for problems that need to be rethought. Its task is to do
research to find our true needs and to reshape environments, tools, and the way in which we think about them.
Currently, it is fashionable to be concerned over the advent of the computer age. And although the foresee ably increased use of computers
divides people into two sharply opposed camps, it is often conveniently overlooked that the viewpoints of both factions are essentially
negative. The first group sees computers as a threat to organised labour, to the standard forty-hour work week, and to the Puritan work ethic,
and finds much to ponder and fear in that. The other group, while realising that the computer may finally help to phase out drudgery and
back-breaking work, as well as that work's equivalence in monotonous, routine intellectual labour, also takes a negative view of the future.
Here the threat seems to be mass leisure. The anecdote in Chapter Three about Piet Mondrian, painting as though he were a computer,
illustrates the particular fear that artists evince when faced by data-processing machines.
As computers begin to take over (or as we relinquish to them) a greater share of those activities that we have heretofore thought of as
exclusively intellectual - but which in fact are sheer monotony - new areas of engagement cannot fail to emerge. It is precisely here, at the
juncture between computerised 'work' and human 'leisure', that the design team is located.
In a world in which agricultural and industrial work increasingly will be done through automated factories and in which most routine
supervision, control, and computation is performed by computers, the work of the design team (research, social planning creative innovation)
is the only meaningful and at the same time crucial activity left to man. Inescapably, it will become the job of designers to help set goals for
all of society.
Social historians tell us that the predicament of twentieth- century man can be traced unerringly to the discoveries of five men: Copernicus,
Malthus, Darwin, Marx, and Freud. But during just the last five to ten years the interfaces between sociology and biology, between
psychology and anthropology, between archaeology and medicine have generated wide new insights into the human condition. Ten new
books - Robert Ardrey's The Territorial Imperative, Nigel Calder's The Environment Game, Edward T. Hall's The Hidden Dimension, Arthur
Koestler's The Ghost in the Machine, George B. Leonard's Education and Ecstasy, Konrad Lorenz's On Aggression, Des- mond Morris's The
Naked Ape, Hans Palmstierna's Plundring, Svalt, Forgiftning, Gordon Rattray Taylor's The Biological Time Bomb, Fredric Wertham's A Sign
for Cain, and R. Buckminster Fuller's Operating Manual for Spaceship Earth - all appearing within the last few years, have redefined man's
relation to man and to his environment in new and startling ways. The interdependence of various disciplines can best be illustrated by a story
Bucky Fuller likes to tell:
In the last decade, two important papers were presented to learned societies, one on anthropology and the other on biology. And both these
researchers were working completely independently. But it happened by chance that I saw both papers. The biological one was looking into
all the biological species that have become extinct. The anthropological one was looking into all the human tribes that had become extinct.

Both researchers were trying to find a commonality of causes for extinction. Both of them found the same cause independently - extinction is
a consequence of over-specialisation. As you get more and more over-specialised, you inbreed specialisation. It's organic. As you do, you
outbreed general adaptability. So here we have the warning that specialisation is a way to extinction, and our whole society is thus organised .
..
Man is a generalist. It is his extensions (tools and environments) which are designed, that help him to achieve specialisation. But by misdesigning these tools or environments, we often achieve a closed feedback loop, and the tools and environments in turn affect men and groups
in a way that turns them into permanent specialists themselves. The potential of any device, tool, or environment can be studied before it is
structured or manufactured. In fact, computers now give us the ability to build mathematical models of processes, interactions, and systems
and to study them beforehand. The recent strides made in the social sciences are providing greater insights into that which is societally
valuable.
For thousands of years philosophers, artists, and designers have argued about the 'need for beauty', or aesthetic values, in the things we use
and live with. One only has to look out the window, or for that matter, back into one's own room, to see where this preoccupation with the
look-of-things has led us: The world is ugly, but it doesn't work well either ! In a world brought nearly to its knees by abject want, a
preoccupation with 'making things pretty' is a crime against humanity. But (as we have seen in our function complex in Chapter One) man
needs structures and devices that are enriched beyond the severely utilitarian.
Delight, balance, and that pleasing harmony of proportions that we project outward into the world and are told to regard as the Eidetic Image,
are psychological necessities for us. And not only a creature as sophisticated as man, but lower species as well, seem to need this aesthetic
and associational enrichment. Here is a description of this mechanism among birds, as quoted by a leading philosopher-naturalist:
Everyone knows that most birds build houses, and very efficiently, too. Although not usually artistic, their nests are careful and often
ingenious. The tailor bird puts nesting material inside a large leaf, then sews up the edges in a curve so that the leaf cannot unroll. The South
American ovenbird, which weighs less than three ounces, makes a nest weighing between seven and nine pounds, out of a hollow ball of earth
fixed to a branch. In Australia the rock warbler makes a long hanging nest and attaches it to the roof of a cave by spiders' webs; the reaction
of the spiders is not described. On the Malay Peninsula the megapodes build artificial incubators: piles of vegetation mixed with sand, which
gradually decay and keep the eggs warm. The birds themselves are not as big as ordinary fowl, but the nests can be eight feet high and
twenty- four feet across, composed of five tons of material scratched together from a radius of several hundred yards. The house martin builds
a neat little house of clay with a front door. A simple nest, like that of the redstart, means six hundred separate flights for material.
Some birds, however, go further, and build simply for aesthetic effect. These are the bower birds of Australia and New Guinea. They are
perching birds, between eight and fifteen inches long, which look rather like our own woodpeckers, but are more handsomely costumed. Their
speciality is unique. The males make clearings in the forest, and at their edges build elaborate arbors of grass and leaves. On the clearings and
in the arbors they set out decorations, carefully chosen and grouped: the heads of blue flowers, shells or brilliant objects such as pieces of
glass, cartridge cases, and even glass eyes (though these are harder to come by). The scientist who has studied them most closely, A. J.
Marshall, shows pretty clearly that this is simply a variation of sexual display intended to attract the little female, to mark off each particular

male's own territory, and to allow him a proper stage on which to display his plumage and his masterful poses. And yet Mar- shall is bound to
admit that the birds seem to enjoy their arbors; that their building goes beyond mere functionalism; and that they display very marked
discrimination, which can only be called aesthetic choice, in decorating their bowers. An American collector in New Guinea was making his
way through the jungle without thinking of bower birds or ever having seen one of their structures, when he suddenly came on a place where
the undergrowth had been neatly cleared away from an area some four feet square, and a hut-shaped bower had been built beside it, about
three feet tall and five feet broad, with an opening a foot high. 'This curious structure fronted on the cleared area. The impression of a front
lawn was heightened by several beds of flowers or fruit. Just under the door there was a neat bed of yellow fruit. Further out on the lawn there
was a bed of blue fruit. Off to one side there were ten freshly picked flowers'. Later this explorer saw the architect returing to its bower. The
first thing it did was to notice a match that had been carelessly thrown into the middle of its clearing. It hopped over, picked up the match and,
with a toss of its head, threw it out of the clearing. So the explorer collected some pink and yellow flowers and one red orchid, and put these
in the clearing. Soon the bird came back and flew straight to the new flowers. It took all the yellow ones and threw them away. Then, after
some hesitation, it removed the pink ones. Finally it picked up the orchid, decided not to throw it away with the rest, and spent some time
carrying it from one pile to another of its own decorations, until it found one where it would fit in with advantage.
Does that sound incredible ? There are other facts about the bower- birds which far surpass it. After one male has completed his arbor he must
guard it, for if he flies off in search of food, a rival male will wreck his bower and steal his decorations. Some species not only decorate their
bowers but paint them, with coloured fruit pulp, charcoal powder from burnt logs, and (near homes in Australia) stolen bluing. If a flower in
the display fades, it is removed at once; and if a human being interferes, the result of this interference is rectified. One observer took some
moss out of a bower and hung it some distance away in the forest. Time and again a radiantly coloured male bird angrily put the moss back.
And then the same observer conducted an experiment which I can only call brutal. He set fire to three of the bowers. In each case, a male bird
flew out of the trees and perched close by the burning arbor, 'his beautiful head bowed and wings dropped, as though sorrowing over a funeral
pyre'. O Science, what crimes are committed in thy name!
More controlled experiments have been carried on to prove the importance of aesthetically enriched environments. Recent work done by
Professor David Krech at the University of California at Berkeley has provided a multitude of insights. Krech assembled two groups of
laboratory rats. One group was brought up in a 'deprived' environment, similar to conditions existing for human beings in American slums
and ghettos. The rats were crowded, sanitary conditions were absent or nearly absent, food was uninteresting and meagre. Their cages were in
perpetual gloom, and shrill, unstructured sounds of a decibel level far too high interrupted them during both waking and sleeping. The second
group of animals were brought up in an 'enriched' environment. Here colours, textures, and materials had been chosen with great care. Food
and water were plentiful, vitamin- enriched, and plenty of space was set aside for family grouping. Soft and pleasant music was piped into
their habitat, and changing lights and colours further enhanced the environment.
The result of this experiment showed that members of the second 'enriched' group had greater learning capacity, a faster mental development,
greater flexibility and adaptability to new stimuli, and far better memories. They also maintained their greater mental capacity into old age. In
fact, even their offspring, brought up under normal laboratory conditions, maintained a sizeable lead over the offspring of the 'deprived' rats
who were also brought up in standard ways. Dissection showed that the size and weight of the cerebral cortex of the enriched rats (the part of
the brain responsible for a rich flow of association) was larger, heavier, and more convoluted.

When this experiment was repeated, retaining the differences in environment, but feeding identical amounts of water and identical food to
both groups of rats, results were almost identical to the first experiment. In both cases the environment-enriched rats developed a high
concentration of an important brain enzyme responsible for the growth of brain tissue. The experiment showed conclusively that the
environment alone and its relation- ship to the rats can change the basic brain chemistry.
Although these experiments could not be done on humans, ghettos, slums, most child-care centres, kindergartens, nursery schools, and, in
fact, most schools do recapitulate the environment provided for the 'deprived' rats. Most parents (considering schools to be only permanent
baby-sitting agencies) never ask whether the teachers are robbing their children of potential brain tissue !
In fact, the rats' deprived environment can be said to exist (for human beings) over 90 per cent of the world. During the last twenty-five years
or so, man-made environments have begun taking on the characteristics of a natural ecology: they are inter- locking, user-responsive, and
self-regenerating. All of humanity is fed into this new ecology, with little forethought as to how a biological mechanism responds to being
ripped out of one habitat and forcefully compelled to exist in another. But we have only to look at our zoos . . .
Apologists for both schools-as-they-are and for slums (and they do tend to be the same people) often explain that life is grim and earnest, that
existence is a continuous battle where the strong reap victory, and that the young are merely being taught to be tough in order to survive more
easily in a tough world. Certainly we have managed to make life grim and earnest, aided by 2,000 years of Judaeo-Christian moralising and
sermonising. But with the advent of more leisure and the prospect of abundance for all, life will surely take on the qualities of joyousness,
awareness, uniqueness, self-actualisation, communication, empathy, non- conditional love, and transcendental ecstasy. The concept that the
strong will perpetually triumph over the weak ('. . . a boot stamping on your head, forever . . .') is partially based on a per- version of Darwin's
Origin of Species theory, 'survival of the fittest', as consciously misinterpreted by the rising capitalist class in late nineteenth-century England
and America. Partially it arises from the concept that there 'is not enough to go round', a historical fact until recently. But the fact of the matter
is that today there is more than enough to go round for everyone if only it is properly planned, distributed, and consumed. There is a second
fallacy in the concept of the school as a toughening-up ground for the hazards of life.
According to Dr M. W. Sullivan, quoted in George Leonard's Education and Ecstasy, during World War II members of the United States
Marine Corps fighting in the South Pacific were exposed to some of the most insufferable conditions in history. Climate, vegetation, and
wildlife made life nearly unbearable; the added hazards of battle and disease were incredible. A study showed that the men coming from
deprived environments, in other words, those who had been 'toughened up for life', were the first to crack up. The Marines whose background
had been both an enriched and a more tranquil one more easily withstood the ravages of environment and enemy action. The same experience
also has been documented by Dr Bruno Bettelheim for the inmates of Nazi extermination camps, and held true of captured American soldiers
during the Korean War (cf. In Every War But One by Eugene Kincaid, published in 1959 by Norton).
In a dramatically changing world society that is (tremblingly) afraid of change and that educates its young into ever-narrowing areas of
specialisation, the integrated, comprehensive, anticipatory designer is a dedicated synthesist. Much of the hope lies in the fact that a society
grown too large and complex to understand itself or to respond to new events is often unaware of the changes taking place within it. Thus,
while much publicity has been given to the fact that more than half of all the people alive today are twenty-five years old or younger, that by

1986 considerably more than one-third of all the people will be less than fifteen years old, that even today China has more children under ten
than the total all-age population of Russia and the United States combined, the world has made no relevant responses to these facts. Today
there are more college students in the United States than there are farmers. Yet the overly generous subsidies provided for American farmers
(at a time when agricultural workers accounted for 98 per cent of the population, rather than today's 8 per cent) are still enforced. The student
population is treated to tear gas and clubbings by the police. Buckminster Fuller observes: 'Each child today is born in the presence of less
misinformation.' The accelerated up-grading of so sizeable a part of the population in our schools and universities will inescapably affect all
our systems.
Much is done by the power structure, both inside the schools and out, to keep young people from either realising their power or fulfilling their
potential. One answer is war. ‘Every 20 years or so we scrap a generation by violent and expensive means, and very soon it is the expense and
not the scrapping that bothers us’ (Michael Innes). And in the universities we teach narrow, specialised vocational skills (with the emphasis
on 'earning a living') while paying lip service to 'educating the whole man' (in order to supplement the skills taught and turn the students into
competent consumers).
The fact is that nearly all of us are so victimised by the propaganda of the profit system that we are no longer able to think straight. During the
summer of 1969 when the Swedish government acquired a 10 per cent slice of the Swedish pharmaceutical industry, a leading paper in
Stockholm pushed the panic button, saying that if Sweden's entire drug industry were to be socialised, why then 'they would only produce
what is needed'. (!) While ridiculous, the point is well taken. For in industrial circles today, most major research concerns itself not with
producing for discovered needs, but rather with propagandising people into desiring what has been produced. If industry in all countries were
to 'produce only what is needed', the future would look bright indeed.
However, members of the industrial design profession continue to support and, in fact, lead the profit-seeking system. David Chapman is the
owner and director of one of the largest design firms in the United States. He is a Member of the Board of the Industrial Designers Society of
America and has been elected a fellow of both the Royal Society of Arts in England and the International Institute of Arts and Letters in
Lindau, Germany. Here is what he has to say about what he considers to be true market needs:
The gift market is another enormous area. In 1966, exclusive of Christmas presents, 90 million people received 107 million gifts. Over 40 per
cent of table appliances are gifts, even though nobody packs or designs them as gifts. They're designed with some stubborn suspicion that
they're meant to work. Well, they are - but who needs a blender ? (Italics by Chapman)
He continues, somewhat dejected, over a market that does not, alas, yet exist:
There are 35 million pets in the United States. The owners of those pets spend $300 million a year on pet food, but only $35 million each year
on pet 'things'. No one has offered the owner a thing to buy for Rover. It is probably possible to get mink collars at Neiman-Marcus, but no
such merchandise crosses America.
Mr Chapman also talks about the food needs of the United States. After explaining that 'the kitchen is as dead as a dodo' and that 'the kitchen

business - just as the buggy whip - is on its way out', he says that we shall all eat TV dinners. However, he adds reassuringly: 'Mamma may
give the food a pinch of oregano or shot of sherry for womanly, psychological reasons.' 'Designers must learn a lot more about the effect of
social factors on products and markets', he continues, and adds, 'there are 75 million Americans over 45 - 25 million of them over 65. They
have dentures, stomach trouble and things like that. It's a whole new market and they have lots of money to spend on the things they
want' (my italics). Having thus explored the problems of nutrition, the elderly, the sick, and the needy (!), Mr Chapman triumphantly
concludes:
On a new car, for instance, the list price was recently $2,500, but with the extras the car cost $4,200. Who needs whitewalls ? They don't last
longer, they look cuter. It is possible to mis-recognize the kind of animal we are all dealing with. Basically, it is a creature seeking total
indulgence.
When Mr Chapman uses words like 'animal’ and 'creature', he is talking about you and me: consumers, clients, his public. Historical note:
Because of many outraged letters, telephone calls, and even one telegram I received in the past, accusing me of inventing both Mr Chapman
and the quotes given above, I should like to confirm that David Chapman really exists, and he really is a fellow of the Industrial Designers
Society of America, an honorary member of many international design societies, and an esteemed spokesman of the American Design
Establishment. Moreover, Mr Chapman was not being sarcastic in any of the above comments; in fact, he went to the trouble of having them
printed up in a pamphlet (called 'Design Seminar') and had his office mail out hundreds of copies to fellow designers and students.
Actually, his remarks are, if anything, a great deal more moderate than those of others in his field. More extreme view- points dominate the
field, the designers' societies, professional meetings, and, what is most disturbing, most design schools in the United States today.
Unblushingly, industrial design in America has elected to serve as pimp for big business interests.
Ironically, most of the real 'plums' or 'glamour jobs' the majority of industrial design students in the United States are educated to deal with
and delighted to nab just happen to be with blue-chip American firms whose policies and practices are far from progressive when it comes to
respecting the public interest generally and people's need for low-cost, ecologically wise, and aesthetically pleasing products. In fact, many
American corporate giants have been involved in litigation with the government on charges of either anti-trust violations or product liability
suits. However, even when anyone manages to win convictions against such companies in court, punishment often seems ridiculously light. In
other words, in teaching industrial design as we do, we prepare young people to aid and abet people who fail to measure up to even the
prevailing minimal standards that our judicial agencies so feebly enforce.
Here is one example: in the spring of 1970 the big three auto- mobile firms were charged before the Supreme Court. They were accused of
having conspired for seventeen years to keep anti- pollution devices off the market. The three firms admitted this. They begged the courts,
however, not to prosecute in exchange for their promise that they would try harder (!), presumably during the next seventeen years.
One gratifying fact is that many young people studying design today are unwilling to go on being fed the pap that the schools dispense so
readily. As Bill Blau suggested in his piece in Fortune a few years ago, the role of this old-fashioned design is slowly coming to an end. If we
list a few of the new generation of pro- ducts to be expected within the next ten years at most, and if we furthermore restrict this listing to

products serving only the Western world, we will find:
Hovercraft
Monorail systems
Ultra-compact electric cars
Personal, battery-driven mobility devices, that can easily be hand-carried
Mass-produced multiple-use buildings
Automated traffic
Computerised medical diagnostic devices
Television-phones
Computer-access consoles in the home
Education through television and teaching machines
De-polluted manufacturing systems Wide use of bio-degradable materials
The effect of these new products would be to leave us with completely obsolescent roads, automobile factories, schools, universities, housing,
factories, hospitals, newspapers, magazine and book publishers, stores, farms, railroad systems, etc. It is not difficult to see why big business
is afraid of changes that may phase out its plants and products as we now know them.
As factories and industrial combines grow in size, complexity, and investment capital, their opposition to innovation grows. Changes in the
system, replacements of the system itself or parts of it become more costly to contemplate and more difficult to institute. Directions of change
therefore cannot be expected to be initiated by big business or the military-industrial complex (or the tame, captive designers working for
them) but will be initiated by the design team.
To do the most effective job possible, a great deal of research will be needed. A great many questions (most of them trans- national in
character) need to be asked. All of these are rather big questions indeed:

What is an ideal human social system ? (This will mean an in- depth study of such diverse social organisations as American Plains Indians,
the Mundugumor of the Lower Sepik River basin; the priest-cultures of the Inca, Maya, Toltec, and Aztec; the Pueblo cultures of the Hopi;
the social structuring surrounding the priest-goddess in Crete; the mountain-dwelling Arapesh; child care in Periclean Greece; Samoa of the
late nineteenth century, Nazi Germany, and modern-day Sweden; hunting customs among Australian aborigines, Bantu, and Eskimo; the
place of authority and decision-making in China, imperial Rome, slums, and ghettos, and the Loyalist Regime in Spain; delegation of
authority in armies, the Catholic Church, modern industrial networks; etc., etc.)
What are optimal conditions for human society on earth ? (An enquiry into living patterns, sexual mores, world mobility, codes of behaviour,
primitive and sophisticated religions and philosophies, and much more will be needed here.)
What are the parameters of the global ecological and ethological system? (Here new insights from such diverse disciplines as meteorology,
climatology, physics, chemistry, geology, Von Neumann's Game Theory, cybernetics, oceanography, biology, and all the behavioural
sciences will be urgently required; as well as ways of establishing links between these disciplines.)
What are the limits of our resources ? (Studies comparable to those carried on by the World Resources Inventory Centre at Southern Illinois
University will have to be brought into continuous contact with changing technologies and new discoveries.)
What are the human limits ?
What are the basic housekeeping rules for human life on the planet earth ? (Or, in Bucky Fuller's phrase: An Operating Manual for Spaceship
Earth.)
And, finally, what don’t we know ?
There are very few answers to any parts of these questions as yet. But the first beginnings have been made in creating tools that may help to
begin giving us answers. The International Geo- physical Year and the International Years of the Quiet Sun and the International Upper
Mantle Project were all recent scientific data-gathering attempts of a trans-national character. Agencies already exist. UNESCO, UNICEF, the
World Health Organisation, the International Labour Organisation, the Scientific Committee of Water Research, the International Council of
Scientific Unions, the Intergovernmental Oceanographic Com- mission, the International Committee of Manpower Resources are just a few
of some of the organisations now in existence who gather, store, and retrieve data of global importance.
There is no question but that an International Council of Anticipatory Comprehensive Design should be established at the earliest moment. It
might well be partially funded by and work with UNESCO.
But doing the gigantic research task is only one-third of the job that needs to be done to come to grips with the needs of the world.
The second is the immediate pre-empting of presently wasted design efforts, and the redirection of these efforts towards short- range practical

design needs. One way of achieving this at once has been suggested in Chapter Four as kymmenykset. It suggests that designers and design
offices immediately begin turning at least one-tenth of their talents and working time towards the solving of those social problems that may
yield to design solutions. Furthermore, it means (as suggested in Chapter Ten) that designers refuse to participate in work that is biologically
or socially destructive (whether directly or by implication is of no importance).
Just this would be a gigantic step towards the common good. We have marvelled together, in an earlier chapter, that merely by eliminating the
rotting of food and by stopping the destruction of food by vermin, the total protein intake of billions now suffering would be raised from
starvation to nutritionally acceptable levels. The same can be done in design. Merely by eliminating the social and moral irresponsibility now
prevalent in what I'm tempted to call all design offices and schools, the needs of the neglected half of the world could be met.
Finally, and as our third point, completely new directions must be explored in the education of young designers. While this topic has been
given an entire chapter to itself, some further observations are in order.
The unchecked growth of schools, colleges, and universities has created an environment that is harmful to innovation or, for that matter,
education. The problem of size alone (the university at which I used to teach has 27,000 students, and there are universities more than three
times as large) works against education. It tends to make students feel like cogs in a machine, reduces them to numbers, and alienates them.
This fragments their efforts, and a true learning situation cannot arise. At the other end of the scale there are private schools which are
considered 'small' with between 500 to 3,000 students. These institutions substitute exclusiveness and the atmosphere of a country club for the
gigantism of state universities. The third type of school is usually a highly specialised one, dealing with the specific problems of the arts,
crafts, or what-have-you. These schools suffer from a lack of broad general resources and subject-matter and tend to perpetuate the
exclusivity of artists-craftsmen and the formation of little cliques. The fourth possibility, as set up in London in July 1969, is a university
open to all, where courses are taken via correspondence, radio, and television. This last model effectively removes all interaction between
students, or students and teachers.
In all likelihood there are reasons and needs in our society that can be used to justify all four of these methods of teaching. But young people
are forced to make a choice between size and exclusiveness.
Alternative ways of learning and interacting are already being found in many places. The Esalen Institute at Big Sur, California, conducts a
peripatetic seminar in the behavioural sciences, psychotherapy, and self-awareness. Branches of Esalen have been set up at San Jose, at
Stanford, and in San Francisco. Similar institutes exist in over 250 cities. The growth of the Human Potential Movement is one of the more
startling phenomena of the last few years. At least one school, the School of Design, California Institute of the Arts, is attempting to build the
behavioural sciences and social design into its regular design curriculum.
In today's renaissance of crafts, weaving, silver smithing, glass- blowing, ceramics, and sculpture are both practised and taught in small
centres that are directed primarily towards the summer vacation 'trade'. Such centres exist in Maine, California, New Mexico, Michigan,
Wisconsin, and North Carolina, and new ones are springing up all the time. The Penland School of Crafts in Penland, North Carolina, may
well be the most successful one of these. Through its summer tuition's, it supports a group of resident 'craftsmen' throughout the other nine

months of the year. Penland is dedicated to a free mix of professional craftsmen, craft teachers, college students, retired couples, little old
ladies in tennis shoes, and world-renowned designers. It also acts as a germinal force in re-establishing a 'cottage industry' based on the crafts
in the nearly inaccessible small farms in southern Appalachia.
Many of the communes are craft-oriented; some of them man- age to support themselves through what they make.
New Schools Exchange Newsletter, The Whole Earth Catalogue the Canadian Whole Earth Almanac, Mother Earth News, Green Revolution,
Modern Utopian, and The Alternate Society News are a few of the channels of communication and information that are being built to by-pass
existing but outmoded forms.
Frank Lloyd Wright tried to create a milieu that would be conducive to the study of architecture and planning at Taliesin and Taliesin West.
Unfortunately this experiment, lasting some thirty years, was too strongly overshadowed by Mr Wright's own powerful personality. With this
(architectural) exception, the study, research, and practice of design and planning as socially and morally responsible activities have not been
attempted so far. It seems crucial that such an experimental design milieu be established somewhere in the world at once. I envision it less as
a school than as a working environment. Here, young people would 'learn' through working on real design problems rather than artificially
constructed exercises. Such a working environment would, of necessity, be small in size, at no time accepting more than thirty 'students' at
most. Part, although a minor part, of its function would be to serve as a prototype for similar environmental design workshops to be set up as
an interacting global network. Ultimately, students might then have the choice between one school with 30,000 students versus 1,000
environments of thirty students each.
The young people coming to this first, prototypal school would come freely from all parts of the world. They would stay for a year or longer
and participate in the simultaneous learning and practising of integrated design. These young men and women would be of varied
backgrounds, differing age groups, with study and work experiences in many different fields. At all times they would operate as a multidisciplinary design team. Their work would be socially relevant and always 'real'. By this I mean that, rather than setting to work on
theoretical problems chosen only for their similarities to problems dealt with in professional design offices (as is done in all schools),
members of the team would direct their attention to the actual needs of society. In other words, all the work carried on in this milieu would be
anticipatory.
Such an environment would satisfy a major social need not filled today: the creation of a body of designers trained in the skills that the future
will demand of them. Just as astronauts and cosmonauts are taught skills that may be demanded of them months or years hence on the moon
or Mars, the design team too will have to prepare itself for the social challenges of integrated comprehensive design that the future will bring.
The solutions of design problems will be turned over to concerned individuals, social groups, governments, or trans-national organisations.
As this entire concept of an experimental design environment is thought of as non-profit-earning, any money 'earned' through solving these
real problems would be directly returned to the work group as tools, machinery, devices, structures, and land. We only have to examine
learning situations which people find rewarding, 'fun', and in which they learn optimally, to see why the small size of this group is important.
Earlier in this book I discussed learning to drive a car. This skill is taught on a one-to-one, teacher-student ratio. It is further reinforced by the

equipment used (the car) and the environment. Other, similar, valuable learning situations are ski-schools and swimming schools. Here again
the emphasis is on a small teacher- student ratio, a mutually interactive and mutually reinforcing group, and the action of this group within the
environment. Most importantly, perhaps, the 'teacher' possesses and practises the identical skills which the 'students' are learning. He is never
a remote professor, tied up within the ivory tower of his own re- search (as is the case in the universities). Nor is he a 'teaching assistant' or
graduate student so busy with his own studies that he can give only scant attention to his students.
There is no question that teachers (especially in design) must be constantly involved in its practice. But only a system such as the one
proposed here will eliminate the false divorce between practice and teaching.
All members of this team would live and work communally. Their existence would be eased through the whole concept of 'communal
sharing': that is, consuming more, but owning less. A representative group of thirty present-day university students will serve as one small
example: they own, on the average, twenty six automobiles, thirty-one radios, and fifteen high-fidelity systems. Without belabouring the
obvious, such a capital investment in transient consumer goods would eliminate itself. While expediency would demand the starting of such a
'school' in a series of old buildings, a farm, or the like; the eventual buildings would be the responsibility of the team. Temporary domes,
information-input cubes (a la Ken Isaacs), and the constructing of more permanent working rooms, sleeping spaces, and social spaces would
provide team members with valuable experiences in a living-working environment - one that is constantly changing, constantly being
questioned and experimentally restructured through their own thinking and their own labour.
Their 'curriculum' would be a loosely woven mesh of those activities and skills needed for creative problem-solving. There could be no
separation between their 'work' and their leisure- time activities. The newest methods of data-processing, film- making, etc., would be
available to the team. Such a centre of design research and planning would have to be able to offer its hospitality freely to specialists from
many disciplines. Such concerned workers could then be drawn into the working and living experiences of the team for a few days, weeks, or
even a year. Because of the experimental nature of the various structures making up the environment, such a centre would best be located in
the country, by close enough to major urban centres to participate in studies internship work, and experiences in the city environment. What is
studied, and how, would evolve organically out of the needs of society. There could never be a static 'plan of study'.
There is no question but that within two or three years some members would leave, their minds full of ideas for a better way of running such
an environment. This is unavoidable, and would bring about dynamic changes. For it is my belief that if such a centre were to be established,
soon similar centres would 'spin off'. These new centres would be able to address themselves to local and regional problems around the world.
They would form the first links in a network of such environments. At each centre, young people would be encouraged to travel widely. Such
travel could well include a few months' or years' stay and participation in the work at another centre. Two things are proposed here: the
establishment of a learning-working environment for thirty young people; and, optimally, a new life-style for the peoples of the world.
In the preceding chapter I have explored the dynamics of the integrated designer's methods OL problem-solving, and diagrammed them. By
now, it will be obvious that I have written this entire book according to this same diagram (as shown below).
It has been derived from the in-put of many flow charts. (If it lacks a smooth, linear sequence, it may be put down to that.) The task at hand

has been to present you, the reader, with a collection of jig-saw puzzle pieces, which I urge you to put together in whatever pattern seems
most relevant. There is no other way of presenting the simultaneity of events.
Books like this are expected to end with a dazzling view of the future, and ordinarily this would be the place to speak about vast cities under
the ocean, colonies on Mars and Proxima Centauri, machines that will provide us with an everlasting cornucopia of electronic gadgets. But
that would be insane.
Design, if it is to be ecologically responsible and socially responsive, must be revolutionary and radical (going back to the roots) in the truest
sense. It must dedicate itself to nature's 'principle of least effort', in other words, minimum inventory for maximum diversity (to use Peter
Pearce's good phrase) or, doing the most with the least. That means consuming less, using things longer, recycling materials, and probably not
wasting paper printing books such as this.
The insights, the broad, non-specialised, interactive over-view of a team (heritage of early man, the hunter) which the designer can bring to
the world must now be combined with a sense of responsibility. In many areas designers must learn how to re- design. In this way we may yet
have 'Survival Through Design'.
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