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Introduction

Charlie Gere

As its subtitle suggests, the aim of this book is to recount the history of the digital
and computer-based arts in the United Kingdom from their origins to 1980. It also
has a rather more polemical intention: to forcefully argue for the importance of such
a history, which has otherwise been disregarded. It is our belief that the digital and
computer-based arts, both in the United Kingdom and elsewhere, have been woe-
fully neglected by contemporary art galleries and institutions involved in the history
of art. This has been to the detriment of our understanding of not only this area of
practice, but, more generally, art and culture in the post-war era in Britain. The
post-war era was a time of technological optimism and even utopianism, in which
Harold Wilson, speaking at the 1963 Labour Party conference, promised that a new
Britain would be forged in the white heat of the scientific and technological revolu-
tion. The cold logic of computing was a vital component of this white heat, and
artists played a central role in enabling cultural understanding and acceptance of

new technologies. Even if our technological optimism and utopianism has somewhat

abated, the highly technologized and mediated world we now live in owes much to
such pioneers, not least for how their work expanded our sense of what we might be
able to do with such technologies. We hope and intend that this collection of essays
will be part of a process of redressing the marginalization of the pioneering work of
these artists and their vital contributions to our contemporary technoculture.

The subtitle proposes a fairly concrete beginning and end to the historical period
on which we are focusing. Computing started to become more ubiquitous and, with
the emergence of personal computing and graphical user interfaces (GUIs), far more
accessible around 1980. This marked the end of the early, heroic, pioneering pe-
riod of computer art, which required artists to build their own machines, collaborate
closely with computer scientists, or learn challenging computer languages. The

question of origins or beginnings has deliberately been left vague. As any historian



knows, it is difficult to pinpoint when something can be said to have started, and
there are many possible points of origin for British computer art. It would be rea-
sonable, for example, to go back to the early nineteenth century attempts by Charles
Babbage to build calculating machines, and colleague Ada Lovelace’s perception
that such machines might be used for more than mere calculation. Numerous other
points of origin could also be cited, including the history of avant-garde involve-
ment with machinery and “new’” media such as photography and film. But perhaps
the strongest claim for moment of origin can be made for the 1956 exhibition, Thzs
is Tomorrow, at the Whitechapel Art Gallery in London’s East End. This exhibition
was a response to advances in technology and developments in communications and
media, and took the form of a number of collaborations among artists, architects,
and designers. |

Many of those involved in This is Tomorrow were part of the loose group of artists,
architects, designers and theorists known as the Independent Group, which co-
alesced around the recently founded Institute of Contemporary Arts (ICA). Some
of them have since been called fathers of pop art, and are considered the first artists
and theorists to celebrate popular culture, particularly as manifested in the United
States. They are also known for critiquing the hierarchical understanding of art and
culture represented by establishment figures such as Herbert Read.

In fact the Independent Group had a far broader range of interests, including
science, non-Aristotelian logic, cybernetics, sociology, and new technologies. This
eclecticism was demonstrated in the exhibition, which was divided into twelve sec-
tions, each put together by teams composed of various combinations of architect,
artist, designer, and theorist. The twelfth and final section of the exhibition was
the most directly concerned with theories of systems and communications. In the
catalogue a text by Geoffrey Holroyd, Toni del Renzio, and Lawrence Alloway,
describes its concerns as follows:

This section of This is Tomorrow represents the basis of collaboration between architect and
artist as part of a general human activity rather than as the reconciliation of specialised
esthetic systems. It is communications research which offers a means of talking about human
activities (including art and architecture) without dividing them into compartments. Hith-
erto the conventional definition of the artist and architect has limited their efhcacy to narrow
mutually exclusive areas. It i1s this that has made collaboration difficult. Seeing art and archi-
tecture in the framework of communications, however, can reduce these difficulties by a new
sense of what is important. (Alloway, Banham, and Lewis, 1956, n.p.)

At the bottom of the left-hand page there is a text that states:
There has always been a variety of channels available for communications but modern tech-

nology has increased the scope of communication and the audience has increased in size. This
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chart suggests a way to organise this multiplicity of messages by reference to the character-
istics of different channels. By its use the visual arts can be set in new relationships, free of the
learned responses of composition, experiment and so on. (Ibid.)

This is accompanied by a table of three columns, showing the variety of different
surfaces and means of making things on those surfaces, ranging from marks made
by sticks on sand, through making colored painting by paints and brushes on cave
or canvas. The final forms of operation are punched card machines producing
punched card tapes by motor and input instructions, and, at the very bottom, mag-
netic surfaces, wire tape, and disk being produced on machinery by motor and input
instructions. In this diagram, there is to be found one of the first statements, in the
English language at least, about the computer and other computing machinery as
potential means of making art—as good a point as any to mark the beginnings of
computer art in Britain.

Though most members of the Independent Group did not, either then or later,
use computers to make art, their interest in technology and technological discourses
helped make British computer art possible. Their influence was both direct and dif-
fuse. They created a general context in which such work might be taken seriously;
and they directly fostered the careers of practitioners such as Roy Ascott (as de-
scribed in “Creative Cybernetics: The Emergence of an Art Based on Interaction,
Process, and System’ (chaprer 2). Ascott was taken on as a student and subsequently
into the Basic Design course implemented by Richard Hamilton and Victor Pas-
more at Kings College (in Newcastle upon Tyne, but then part of University of
Durham). Ascott would in turn go on to teach and employ important figures such
as Stephen Willats, which Adrian Glew describes in “Transmitting Art Triggers:
The Early Interactive Work of Stephen Willats™ (chapter 3).

Section Two of This is Tomorrow featured architect Cedric Price’s cybernetics-
influenced Fun Palace, as described in John Hamilton Frazer's “Interactive Architec-
ture”’ (chapter 4), which also deals with Price’s later work, the Generator. Though
Price was an architect rather than an artist, as is true of Frazer himself, their experi-
ences in trying to use computers in the period between the 1950s and the early
1980s are representative of the more general set of problems and promises that was
typical of early computer art in the United Kingdom. As the chapter also makes
clear, cybernetics was of great interest to members of the Independent Group, and
at least a few of them had read Norbert Wiener's book Cybernetics or Control and Com-
munication in the Animal World (1948) and The Human Use of Human Beings (1950). In
these books, Wiener formulated the idea of information and feedback as the bases of
a paradigm for understanding biological, machinic, and social processes. Cybernetics
was extremely important for the development of British computer art, not just
for the Independent Group but also for the work of British cyberneticians such as

Introduction
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Stafford Beer and Gordon Pask. As Maria Ferndndez’s “‘Aesthetically Potent Envi-
ronments’, or How Gordon Pask Detourned Instrumental Cybernetics” (chapter 5)
shows, Pask was highly influential for those interested in applying cybernetics and
computing to making art, and was involved in various computer art projects.

Pask was one of the exhibitors at Cybernetic Serendipity, the seminal exhibition of
“the computer and the arts” held at the Institute of Contemporary Arts in 1968,
which is examined in “In the Beginning...” (chapter 6) by Jasia Reichardt, then
deputy director of the ICA, who curated the show, and in Brent MacGregor’s
“Cybernetic Serendipity Revisited” (chapter 7). Cybernetic Serendipity was a highly im-
portant factor in the development of British computer art, as well as an indication of
the importance of cybernetics. Among the most notable exhibits was Soxnd Activated
Mobile (SAM), a cybernetic sculpture by the polymath artist/engineer Edward Thna-
towicz, which moved in response to sounds made by the viewer. SAM and Ihnato-
wicz's later piece, Senster, made for the electronics company Phillips's Ewvoluon
pavilion in the Netherlands, are among the most startling and, for the time, most
technologically sophisticated works of art made in the area of cybernetic art. Thnato-
wicz has been unjustifiably neglected, partly because he was and remains hard to
categorize. It is hoped that the two chapters in this book about him, roboticist Alek-
sandar Zivanovic's ““The Technologies of Edward Thnatowicz” (chapter 8) and “Forty
[s a Dangerous Age: A Memoir of Edward Ihnatowicz” (chapter 9) by his son
Richard, might help to bring his work the recognition it richly deserves.

Along with its debt to cybernetics, computer art also owed much to the construc-
tivist movement, the subject of Richard Wright's “From System to Software: Com-
puter Programming and the Death of Constructivist Art” (chapter 10). Though
neither the constructivists, nor the later Systems Group, founded in 1970 by artists
Malcolm Hughes and Jeftrey Steele to explore the possibilition of geometric abstrac-
tion, were greatly interested in using computers, their procedural and logical sensi-
bility made the application of computers to art possible, and artists with an interest
in the possibilities of systems thinking, such as Harold Cohen and Tony Longson,
investigated the possibilities of the computer for art practice. Cohen developed
AARON, an artificial intelligence drawing program, the evolution of which he
recounts in “Reconfiguring’ (chapter 11); Longson also became a keen programmer,
as he describes in “Reconstruction” (chapter 12).

While teaching at Ealing School of Art, Roy Ascott invited the artist Gustav
Metzger to discuss his ideas about destruction in art (supposedly inspiring a young
Pete Townshend to destroy his guitar on stage with his band, The Who). As Simon
Ford’s “Technological Kindergarten: Gustav Metzger and Early Computer Art”
(chapter 13) shows, Metzger, increasingly regarded as a major figure of the post-
war British avant-garde, was a pioneer of the use of computers in art, as well as an

early member of the Computer Arts Society (CAS). CAS was founded in 1968 by
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Alan Sutcliffe, an engineer at ICL and a composer, architect John Lansdown, and
cybernetician and colleague of Gordon Pask, George Mallen. In “Patterns in Con-
text” (chapter 14), Sutcliffe describes the formation of CAS and of the Electronic
Music Studio, with which he was also involved, while, in “Bridging Computing in
the Arts and Software Development” (chapter 15), Mallen gives an account of the
relation among Gordon Pask’s company, System Research Ltd., CAS, and his own
firm, System Simulation Led., as well as describing CAS's extraordinary 1970 in-
stallation, Ecogame. In “Two Cultures: Computer Art and the Science Museum”
(chapter 16), Doron D. Swade writes about another CAS display in the computing
gallery of the Science Museum. Malcolm Le Grice, perhaps best known for his con-
tribution to “structural film,” was also an early member of CAS, and in “Never the
Same Again” (chapter 17), he describes his early computer-based experiments as
well as the relation between CAS and other, similar organizations, such as the Lon-
don Filmmakers Coop, the Arts Laboratory, and the Institute for Research into Art
and Technology. Le Grice's invocation of such organizations is a reminder that not
all the pioneering work took place in art schools, and in “Which Art in Heaven”
(chaprer 18) Stan Hayward gives an account of his development of commercial com-
puter animation in the late 1960s and early 1970s.

[t the Independent Group made computer art thinkable and Cybernetic Serendipity
had shewn what could be done, it was the art school system that fostered its actual
development as Catherine Mason’s ““The Routes toward British Computer Arts: The
Role of Cultural Institutions in the Pioneering Period” (chapter 19) shows. Accord-
ing to Mason the emergence of computer art was also a product of the particular
nature of British art schools, especially atter the reforms that came about as a result
of the Coldstream Report in 1963. Mason charts the role played by art schools from
the early Basic Design course in the 1950s through the 1980s, when cuts in the
educational sector led many artists to enter the world of commercial computer
graphics. In “From Machine to Metaphor: Artists and Computers at Chelsea School
of Art 1960—1980" (chapter 20) Stephen Bury traces the history of the use of com-
puters in art at one such institution, Chelsea School of Art.

Paul Brown’s “From Systems Art to Artificial Life: Early Generative Art at the
Slade School of Fine Art” (chapter 21) describes the formation of the Experimental
and Electronic Art Department at the Slade School of Fine Art in the 1970s by Mal-
colm Hughes. Also involved were Chris Briscoe, Julian Sullivan, Darrell Viner, Ste-
phen Bell, and Stephen A. R. Scrivener. Scrivener and Bell both give accounts of
their time at the Slade in this chapter, as well as in their own chapters, "Connec-
tions: A Personal History of Computer Art Making from 1971 to 1981”7 (chapter
22) and “My First Brush with Computer Graphics” (chapter 23), respectively.

In “Conceptual Art, Language, Diagrams, and Indexes” (chapter 24), Graham

Howard describes how, at Coventry Polytechnic in the late 1960s and early 1970s,
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the Art & Language group, best known for their contribution to the development
of conceptual art, made work that engaged with issues of information and database
organization and clearly owed much to computing technology. Howard, an early
member of A&L, is well placed to give an account of this work.

Ernest Edmonds’s “Constructive Computation” (chapter 25) describes his com-
bining mathematics, computing, and art at Leicester during the same period. In
“PICASO at Middlesex Polytechnic” (chapter 26) John Vince describes the genesis
of one of the first dedicated graphics programs, PICASO, which he developed at
Middlesex Polytechnic in the early 1970s, while, in From “0 to 1: Art Made be-
tween the Times of Having and Not Having a Computer” (chapter 27) Brian Reffin
Smith writes about using and not using computers in art at various institutions in
the period. Jeremy Gardiner’'s “The Aftermath of Early Computer Art: A Painter’s
Odyssey” (chapter 28) describes Gardiner’s attempts to make art using computers in
the context of ebbing support and increasing resistance in the institutions where he
was studying, particularly the Royal College of Art, despite the presence of impor-
tant, pioneering figures such as Patrick Purcell and Brian Refhn Smith. To some ex-
tent Gardiner’s experience at the RCA was part of a more general turn away from
supporting computer art in the art schools. Gardiner does, however, pay tribute to
the facilities offered by institutions that were less prestigious at this time which is a
reminder that small enclaves remained to keep the practice of computer and new
media art alive, particularly in the polytechnics, the technical and vocational higher
education institutes that had subsumed many of the art schools in the United King-
dom. Many of the figures contributing to or featured in this book were involved in
these activities, including John Vince, John Lansdown, and Paul Brown at Middle-
sex Polytechnic. It was courses such as these that, at least in part, enabled the com-
puter arts to survive and even prosper in Britain as its reception improved with the
advent of the World Wide Web and the ubiquity of computing in 1990s and
2000s. Such courses were a bridge between the early pioneers and current practice,
and the effects of the pioneers’ legacy is considered in the final essay in this volume,
“The Ironic Heirs to Serendipity: British New Media Art, 1980s to Now” (chapter
29) by Beryl Graham.

As this brief introduction indicates, the early British computer art scene was ex-
traordinarily lively and experimental. It was also a close-knit group of people and
institutions. As a result, this book is far from just an account of how a number of
artists at a certain period in a certain place used a particular technology. It is a story
of a pioneering community, drawn together by a shared vision of how technologies
can change the way things are done. This is especially admirable given the great
difhculties of making such work at the time.

Of course one of the corollaries of being a pioneer of this sort is that you are not

understood in your own time. This is almost a given for any form of avant-garde art
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practice. Hal Foster suggests: “The avant-garde work is never historically effective or
fully significant in its initial moments. It cannot be because it is traumatic—a hole
in the symbolic order of its time that is not prepared for it, that cannot receive it, at
least immediately, at least without structural change” (1996, 29). But, unlike many
more explicitly avant-garde movements, computer art has remained particularly re-
sistant to recuperation and restitution by the institutions of canonical and orthodox
art history. Perhaps this makes it more genuinely avant-garde. If so, maybe its mo-
ment has come, in that the structural changes required for it to be understood are
taking place. I hope in particular that this book will help hasten the recognition this
area so richly deserves.

This book is one of the main outcomes of a three-year project, funded by the Arts
and Humanities Research Board (now Council) in the United Kingdom. Computer
Arts, Contexts, Histories etc (CACHe), the membership of which is also the edi-
torial team for this book, was started with the aim of investigating the history of
early British computer art. Another outcome of CACHe has been the donation by
Calitornia-based art historian Patric Prince of her unique collection of computer art
to the Victoria and Albert Museum in London in 2005. That a major museum is
willing to accept such a donation signals the increasing recognition of the impor-
tance of this area of artistic practice. Much of the credit for this must go to Douglas
Dodds. head of Central Services at the Victoria and Albert, whose commitment and
support has been invaluable. The acquisition of this collection by the Victoria and
Albert has been the catalyst for the AHRC to fund a further large research project,
the Computer Art and Technocultures project, which aims to celebrate the interna-
tional impact of the digital aesthetic in the late twentieth century. This project
involves Douglas Dodds; CACHe member Nick Lambert, one of this book’s editors;
Professor Jeremy Gardiner, one of its contributors; and Dr. Lanfranco Aceti.

The original impetus for starting the project was the sad death at an early age of
Professor John Lansdown, one of the major pioneers of computer art and graphics.
Given his important role in the history this book seeks to describe, it seems only

right that it be dedicated to his memory.
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Creative Cyhernetics: The Emergence of an Art
Based on Interaction, Process, and System

Roy Ascott

This text does not seek to uncover the secret history of cybernetics in 1960s Britain!
Nor is it intended to reflect the diversity of responses that artists had to the white
hear of technology' and the nascent computerization of society that marked that era.
[nstead, it 1s no more than the personal memoir of an individual artist’s awakening
from the constructivist kiss of life that led eventually into the arms of a full tele-
matic embrace.’

In early 1959 I had submitted my Fine Art dissertation to Kings College, Uni-
versity of Durham (in Newcastle upon Tyne and now part of Newcastle University)
on Cézanne and the Expression of Change (a youthful challenge to Liliane Brion-Guerry’s
thesis on Paul Cézanne’s expression of space’). I had looked principally at Cézanne'’s
1878—-1906 work, focusing on how his paintings became autonomous visual organ-
isms, in which clouds, bushes, hills, and bodies lay in fluctuating imprecision with-
in a pulsating field of light. To contextualize his work, I looked at the writings
of French philosopher Henri Bergson: his ideas of change and memory had made a
significant impression on the minds of artists of his period, and perhaps too on
Cézanne, although there seemed to be very lictle direct evidence of the painter’s fa-
miliarity with his philosophy of change. I was alert also to the shifting viewpoint
that was the feature of his painterly perception, recognizing that his work traced
the behavior of his eye and the dynamics of his gaze, in conjunction with the flux
and flow of the behavior of his “motif.”

Cézanne was the first painter to take the viewer on an interactive journey into his
perceived world. The fluctuating viewpoint of both artist and observer in Cézanne's
late paintings ensured an always incomplete experience of open-ended perception. It
can be argued that the aesthetic of process and emergence in computer-mediated art

starts here, as though the technology were teleologically destined to realize the new



understanding of constructivist consciousness that Cézanne intuited. By this I mean
that the implicit engagement of the viewer in actively constructing a visual coher-
ence and continuity out of the unstable flux of the painting field presages the ontol-
ogy of radical constructivism® and the second-order cybernetics of Heinz von
Foerster.’

Searching randomly in the stacks of Kings College library for insights that
might amplify my thesis, alert to issues of perception and mental states, I came
across the writings of F. H. George. He was yet to publish The Brain as a Computer,®
which extended for me the behavioral approach to machines and organisms that I
found in Ross Ashby’s Design for a Brain,” but introduced me in his then recently
published Awutomation Cybernetics and Society® to the seminal literature of what was
quickly to become the central tenet of my aesthetic understanding, and the spur to
my subsequent work as an artist. Of all the books emerging in the 1950s that
addressed issues of cybernetics, it was perhaps Ross Ashby’s introduction to the
field” that most captured my imagination. The table of contents alone provided
the foreplay to a kind of intellectual orgasm: Dealing with Change, Transformation,
Coupling Systems, the Black Box (“isomorphic,” “homomorphic,” “very large,” or
“incompletely observable”), Inversion, System Transmission, Entropy, the Law of
Requisite Variety, Error Controlled Regulation, The Markovian Machine, Amplifi-
cation in the Brain, and so on...enough perhaps to say that Ashby was hugely
inspirational to me and, as I later learned (obscure as he is now), inspirational to
Norbert Wiener, Herbert Simon, Miller, Galanter and Pribram, Stuart Kauffman,
and other notable scientists. "

By another route entirely (I think initially from Samuel Butler’s Erewhon, and
More’s Utopia) 1 happened on the behavioral psychology of B. F. Skinner.!® This
was a rather grim vision that, although based wholly in behavior, emphasized
regimes of social control and conditioning that were both repugnant and reaction-
ary, although trumpeted in the world of psychology as radical. These books did,
however, alert me to seek out more socially responsible and spiritually satisfying
utopian thought particularly of the nineteenth century where I discovered, to my
lasting joy, the ideas of Charles Fourier and his system of passionate attraction.'!
[n my view Fourier was a cybernetician avant la lettre, offering a proto systems theory
that was at once practical and mystical. Equally one can understand how André Bre-
ton saw him as a precursor of surrealism, as recognized in his poem “Ode a Charles
Fourier.” 1<

In the biological context, my teachers at Newcastle, Victor Pasmore and Richard
Hamilton, from their individual perspectives had both insisted on the beauty and
truth to be found in D’Arcy Wentworth Thompson’s On Growth and Form,'> a
book to which I return periodically even now, not simply as the bible of how event

creates form but as a testament to self-organization in natural structures. As for Ross
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Ashby, my reading from the start responded to the centrality of the biological model
in his thought:

Many have been prevented from taking up the subject (of cybernetics) by an impression that
its use must be preceded by a long study of electronics and advanced pure mathematics; for
they have formed the impression that cybernetics and these subjects are inseparable. . . . this
impression is false. The basic idea of cybernetics can be treated without reference to electron-
ics, and they are fundamentally simple; . .. a great deal can be done, especially in the biolog-
ical sciences, by the use of quite simple techniques.'?

This kind of intellectual generosity, exemplified also in the texts of Wiener!'> and
George, encouraged me to forage deeper into the literature—a generosity that later
was to be embodied in my friendship with Gordon Pask. In almost every respect, it
was the epistemology of cybernetics cast in the frame of biology and psychology
rather than of purely mathematics and engineering that attracted me. Later, in the
1960s, I would read Gregory Bateson's Steps towards an Ecology of Mind'® and Stafford
Beer's Platform for Change,"” treating them as particularly valuable resources.

At the back of it all was the process philosophy of Whitehead'® that had intro-
duced me to the philosophy of organism, the principle of subjectivity, and the idea
of concrescence (in which the observer creates the scene/seen) where the present arises
from a consense of subjective forms. Whitehead argued that we are multiple indi-
viduals, burt there are also multiple individual agents of consciousness at work in the
construction of the given. For me, always alert to esoteric implications, this echoed
Gurdjieft’s doctrine of many selves. Gurdjieff, as Ouspensky reported it,'” spoke of
the human structure consisting of several minds. These minds, or centers of percep-
tion, are the real structural elements of human nature, and any attempts to bring
man to unity that do not understand these centers are bound to fail. Decades later,
[ would find an echo of this in Marvin Minsky’s The Society of Mind,?° but a distorted
and reductionist echo, perpetrating a sadly materialist view of the human condition.

So my love of Cézanne and my own rather particular analysis of his late work had
led me to an understanding of behavior and cybernetics that I was beginning to see
as the possible key to theorizing my own artwork. Since 1959 this had been con-
cerned with constructs that I called Change-Paintings (hgure 2.1) and Analogue Struc-
tures. This concerned assembling separate overlapping transparent panels within a
routed frame, such that each could be rearranged by the viewer, sliding each panel
over another, as a given set allowed. Each panel carried analogue images or signity-
ing marks (the requisite variety). Applying the insight afforded by my reading in
cybernetics, I could see that the artwork was a system arising from a process, the
system including the artist, the artwork, and the observer, coupled 1n a semantic

relationship, where the aesthetic experience emerged from the interaction of these
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Figure 2.1 Roy Ascott, Change-Painting, 1959.

three elements. Just as I understood cybernetics to be the science of behavior, I saw
art as essentially behaviorist. As I later wrote in my manifesto of 1967, cited by Lucy
Lippard in the epigraph to her book Six Years:?!

To discuss what one is doing rather than the artwork that results, to attempt to unravel the
loops of creative activity, is, in many ways, a behavioural problem. The fusion of art, science
and personality is involved. It leads to considerations of our total relationship to a work of art,
in which physical moves may lead to conceptual moves, in which Behaviour relates to
Idea ... “An organism is most efficient when it knows its own internal order.”??

My change-paintings owed much to the sea change in aesthetic perception that I
enjoyed in my first experience of Jackson Pollock’s paintings, on show for the first
time in London in a comprehensive exhibition at the Whitechapel,?? in which an
endless interweaving of actions and open-ended gestural flow seemed to manifest
what now one might call the zero point energy field of the universe.?* The concep-
tion of art as behavior, process, and system, came to me precisely between the time
that I moved from teaching as an assistant to Pasmore and Hamilton at Newcastle to
setting up a new foundation course at Ealing School of Art, London, in 1961.
Equipped with an insight into how cybernetic theory could be applied both the elic-
iting and reinforcement of creative behavior, as well as to the structure of the insti-
tution designed to maintain that behavior (the art school), I proceeded to develop a
staff and curriculum around the notion of a generative organism. I called this entity
the Groundcourse, seen as a cybernetic seeding zone, a bottom-up space of artistic
growth (figure 2.2). A full account was later published in Cambridge Opinion,?> in an
issue of the journal devoted to an overview of new art practice in London in the early
1960:s.

Behavior was at the root of the process in art, but if I were a behaviorist in this,
then it was not as a Skinnerian but as one more aligned to the “subjective behavior-
ism’~ of Miller, Galanter, and Pribram:

Roy Ascott
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Figure 2.2 Roy Ascott, behavioral project, the Groundcourse, 1964.

Our emphasis was upon processes lying immediately behind action, but not with action it-
self. On the other hand, we did not consider ourselves introspective psychologists, at least not
in the sense Wilhelm Wundt defined the term, yet we were willing to pay attention to what
people told us about their ideas and their Plans. How does one characterize a position that

seems to be such a mixture of elements usually considered incompatible? Deep in the middle

206

of this dilemma it suddenly occurred to us that we were subjective behaviorists (my italics).

“The Construction of Change” outlined the development of the Groundcourse,
identitying not only its pedagogical and creative features but also the artists involved
in its emergence. Of these, Harold Cohen was perhaps most receptive to the cyber-
netic vision, a vision I defined in a two-part paper titled “Behaviourist Art and the
Cybernetic Vision,” published in Cybernetica 1966°" and 1967.°% But most faculty
were exposed to cybernetics in some good sense, most dramatically at a dinner in the
college at which Gordon Pask was the guest of honor. Pask gave a riveting address
that excited the audience of artists even though most of them had very lictle com-
prehension of what he was talking about. Pask and I became good friends. When
[ gave my first one-man show in London (at the Molton Gallery, thanks to Annely
Juda) in 1964, he came to the opening and later, after we had wined and dined

(especially the former), he returned with me to my studio to discuss Problems of
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Cybernetics, a set of papers by Russian cyberneticists that had just come into my
hands. In this discussion, that which had been totally opaque to me became lucid;
what had seemed impossibly complex to unravel was simplified beyond measure, by
the interpretive skill of Pask and his wit and consummate ability to communicate. I
had named a number of pieces in my show in homage to the authors of those papers:
Lyapunov, Kamynin, Shura-Bura, and Lyubimskii. The works called for the physical
participation of the viewer in sliding, folding, opening, or closing panels and other
parts of the wall-mounted constructions. As I wrote in the catalogue:

Cybernetics has provided me with a starting point from which observations of the world can
be made. There are other points of departure: the need to find patterns of connection in
events and sets of objects; the need to make ideas solid working in wood etc.) but interfus-
able (transparent panels, hinged sections), an awareness of change as fundamental to our
experience of reality; the intention to make movement a subtle but essential part of an
artefact. . .. my independent enquiry is regularly reinforced with close reference to scientific
publications and search in to their methods of analysis and investigation.?

Pask not only helped me navigate through the rather dense undergrowth of
cybernetic literature that was proliferating at that period, but also introduced me
to the cybernetics community in London and proposed me for election to the Insti-
tute of Computer Sciences. His support for my membership was based on my
exhibited work, on my embodiment of cybernetics principles in the design of the
Ealing Groundcourse, and on the paper I was preparing on “Behaviourist Art and
the Cybernetic Vision” (later to be published in the journal Cybernetica, described
earlier).

In this context, I was invited to join the Cybernetics Committee he was setting
up to assist in the design of the Fun Palace proposed by Joan Littlewood and Cedric
Price. A detailed research and appraisal of the Fun Palace informs the thesis of Dr.
Stanley Mathews of Hobart and William Smith Colleges, an abridged version of

which has been published in Technoetic Arts.>®

The Fun Palace would challenge the very definition of architecture, for it was not even a con-
ventional “building” at all, but rather a kind of scaffold or framework, enclosing a socially
interactive machine

a virtual architecture merging art and technology. In a sense, it was
the realization of the long-unfulfilled promise of Le Corbusier’s claims of a technologically
informed architecture and the “machine for living.” It was not a museum, nor a school, the-
atre, or funfair, and yet it could be all of these things simultaneously or at different times.
The Fun Palace was an environment continually interacting and responding to people. By
the mid-1960s it had become a vast social experiment and a cause célebre for scores of London
intellectuals who saw in it the germ of a new way of building, thinking, and being. People as
diverse as Buckminster Fuller, Yehudi Menuhin, and Tony Benn volunteered their services to
the project.
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The cybernetics committee included the scientist and journalist Ritchie Calder,
the nuclear physicist and Nobel prize winner Joseph Rotblat, the historian Asa
Briggs, the sculptor Reg Butler, psychologist John Clark, two members of Par-
liament (Ian Mikardo and Tom Driberg), Pask’s partner Robin McKinnon-Wood,
and sociologist Michael Young. Although I had been brought on board as an
artist, such was my fascination with information/communication technology that

my contribution was much more pragmatic than artistic. In the view of Stanley
Matthews:?!

Certainly the most prescient proposal for the application of computer technologies was the
“Pillar of Information,” also proposed by Roy Ascott, a refinement of his earlier idea for a
“Juke Box" Information system.’* Ascott’s “Pillar of Information” would be a kind of elec-
tronic kiosk which could display information of all sorts, based on the model of the Encyclo-
pedia Britannica. His system was among the earliest proposals for public access to computers
to store and retrieve information from a vast database. In addition, and even more innovative,
it would also keep a memory of previous inquiries. As one person took information from the
pillar, a trace would be recorded of the transaction, and subsequent users would be able to
track the patterns of use, and the system would suggest multiple knowledge pathways, in
much the same way that use patterns on the Internet of today are mapped through the use
of tracking “cookies.” Ascott envisioned that this would give users insight into the interests
and queries of other Fun Palace users. Based on patterns of user interaction, the Pillar of In-
formation would gradually develop an extensive network of cognitive associations and slip-
pages as a kind of non-hierarchical information map, both allowing and provoking turther
inquiry beyond the user’s initial query. The resultant web of information and free association
to be produced by the Pillar of Information foreshadows in many ways the more recent pris-
maric theory of knowledge developed in the late 1980s by Gilles Deleuze and Felix Guattari.

I published a number of papers on cybernetics and art in the 1960s. “The Con-
struction of Change’ described the work of the Groundcourse, and “Behaviourist
Art and the Cybernetic Vision” provided the ontological setting and a kind of
instruction manual for a Cybernetic Art Matrix in which creativity and social coher-
ence could reciprocally flourish. Then in 1967 I published as a fly poster the mani-
festo “Behaviourables and Futuribles,”?? in which I argued that “when art is a form
of behavior, software predominates over hardware in the creative sphere. Process
replaces product in importance, just as system supersedes structure.”

Then at the end of the decade I came out with a brief but, for me, important
admission of my layering of pszbernetics over cybernetics, the paranormal and psy-
chic over the technological and scientific in the Studio International essay “The Psi-
bernetic Arch.”?* It was in many ways prescient for me, in that the 1970s would
see me in North America, especially in San Francisco and the Bay Area where I
experienced the transition in technology from the discrete stand-alone computer to

an emergent telematics, from the ontology of noetic science (through Brendan
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O’Reagan) and the quantum strangeness of the new physics (Jack Sarfatti and Fred
Wolf) to the epistemology of computer conferencing and planetary networking
of Jacques Vallee. It took a decade for me to mutate from plastician to telematician,
where the all-at-onceness and indeterminacy of my cybernetically informed change-
paintings, tabletop transactional works, and relief constructions led into the open-
ended telematic interactivity of Terminal Art>> and La Plissure du Texte.3®
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Transmitting Art Triggers: The Early
Interactive Work of Stephen Willats

Adrian Glew

T'he audience become not just an after-thought, but the prime reason for the provision of
triggers. . .. The relationship that the observer has with most of these works is that of a re-
ceiver to a transmitter, the problem becoming one of transmitting the necessary conditions
for trigger in via the shortest time; the feedback between the audience and the work being a
result of this triggering.

—Stephen Willats, Exhibition Catalogue, Visual Automatics and Visual Transmitters, Museum
of Modern Art, Oxford, UK, October 22—November 16, 1968

Since the late 1950s, Stephen Willats has been an important art theorist and practi-
tioner, focusing on the interface between art and society. From the outset Willats
incorporated new research and utilized technology—including state-of-the-art com-
puter components and programs—at every opportunity to create his innovative and
increasingly interactive art works. By doing so, Willats’s interventions and use of
ready-to-hand technology have helped narrow the gulf in terms of psychosociologi-
cal undercurrents in art. His recent work, for instance, continues to involve whole
communities in determining the outcome of the final artwork, producing a multi-
tude of views within a multichannel experience.’

Willats's earliest art experiences were at the Drian Galleries, London, where he
worked from 1957 to 1960 under Polish émigre Halima Nalecz. At that tume, the
Drian was one of the few spaces in the capital that exhibited groundbreaking work
by young artists from Britain and overseas.” It was here that Willats first began to
articulate his ideas in the course of meeting more and more artists. He was particu-
larly impressed by a group of constructivists from Cambridge, with whom he pro-
posed the establishment of a center in Gloucester Place, London, where artists,
philosophers, and mathematicians would be invited to research areas of mutual in-

terest.” Willats took an active part in early discussions, deriving source material



from his daily work at the gallery. For example, by examining the way in which the
visitor to the Drian moved in relationship to the work on display, he soon realized
that there was no right or wrong way to view a work and that the viewer was
as important as the artwork itself. These musings led Willats to begin his first
notebook, which he filled—when the gallery had no visitors—with writings and
sketches.* Indeed the periodic lack of visitors caused him to question and reevaluate
the whole notion and role of the art gallery in society. It dawned on him that visitors
to the gallery looked for icons of certainty, and that instead a random variable could
be set up in the space, such as moveable elements in a sculpture, that would cause
visitors to organize their actual experience, which was infinitely better than the ref-
erential experience; this theme has remained crucial to Willats’s working practice.
During this period, Willats’s other key interest was rhythm and blues and jazz.
One place that he frequently visited was the Ealing Jazz Club in London, a lively
venue for these musical genres in the late 1950s. He produced many portraits of

performers and visitors to Ealing, later showing these works in the foyer of the
club, illustrating his growing interest in the contextualization of art practice and
in the display of work outside the gallery environment to increase its meaning.
These portraits formed the basis of the portfolio that he presented to the principal
of the Ealing College of Art, James Drew, when he applied to join the Groundcourse
there in 1962.°> Significantly, during the first year at Ealing, there were an equal
number of students to staff members (around twenty of each), with the influential
Groundcourse led by Roy Ascott, who had enthusiastically taken up the tenets of
the post-Bauhaus Chicago educational program, best exemplified in the U.K. by
Victor Pasmore and Richard Hamilton at Kings College, Newcastle upon Tyne.®
The first three or four months of the course focused on a Kings College—style basic
design course with its emphasis on media dexterity and the handling of form and
shape; there was little attention to meaning (this was to come later), but a celebra-
tion and encouragement of spontaneity.” Willats, having left the Drian by this time,
was fortunate to be able to continue his empirical research at another avant-garde
gallery in London, the New Vision Centre Gallery, run by South African—born
Denis Bowen.® This continual access to a multitude of ideas was mirrored in some
of the more forward-thinking art institutions of the time, such as the Institute of
Contemporary Arts (ICA) where Willats had recently come across the art of Nicolas
Schofter.” With its visiting artists program, Ealing College of Art incorporated this
cross-fertilization of ideas within its Groundcourse, posing questions about the na-
cure of being an artist and the role of art in society.!” However, it was the writings
of Basil Bernstein'! (with his theories surrounding restricted language codes) and
the lectures of Gordon Pask (with his enthusiastic interest in cybernetics) that were
turning points for Willats at Ealing.'# It was the charismatic Pask who became the

catalyst for change at Ealing, bringing a more conceptual, experimental, and cyber-
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netic view to the course. Willats broadened his reading in these areas and in the
fields of learning theory and alpha rhythms.!® Around this time, he heard about
Dr. Christopher Evans, who was working on similar theories at the National Physi-
cal Laboratory at Teddington and who had become interested in internal mecha-
nisms and what happens within the brain.'*

From all these stimuli Willats developed, in 1962—-1963, a series of wall con-
structions creared from planes of wood, which viewers could manipulate. These built
upon work he had undertaken during the preceding year, namely constructed archi-
tectural models—including a speculative one for the Selfridges department store—
using planes of Perspex, where light would create prismatic displays.!> Again, there
was no right or wrong position for the piece; people were able to walk through the
facade any way they chose, as if in a maze. There were other attempts to initiate ex-
perimental pieces, reflecting the general cultural climate of the time in which many
differenct areas of information were married together. Willats became interested in
conceptualism in art—as many of his drawings show—and in interpreting semiol-
ogy using conceptual diagrams of objects on tables. It was also at this time that he
began to construct the first of his three-dimensional Manual Variable Constructions, a
series made out of a complex set of wooden blocks.

In chis series, Willats used increasing complexity to enable viewers to vary their
experiences from the first in che series, which would set a normative benchmark, to
the later works where viewers could bridge the gap and demonstrate, by their

16 Their reasoning could be noted on re-

actions, the conceprt of the learning curve.
sponse sheets or questionnaires. Willats developed these documents so that what was
initially a concept became manifested in physical form; this was one of the first occa-
sions that such direct feedback from the viewer had been used in art. These early
tactile series were based on cognitive construction in time or sequencing, allied
closely to computer programming, which was an area of increasing fascination to
Willats.

During 1963—-1964, Willats became a weekend assistant and “guinea pig’
at System Research Ltd., which was founded by cybernetician Gordon Pask, and
located in the London borough of Richmond.!’” It was while working there, admin-
istering the testing equipment, that he met Dr. George Mallen, a senior engineer
and theoretician who later set up the firm System Simulation Ltd., and Peter
Whittle, an electronic engineer, both of whom proved invaluable when Willats
came to utilize computer technology for his artwork. With their help, Willats
was able to construct his first machine works involving alpha rhythms. This was a
world of cybernetics, modeling, learning theory, and responsible systems resonating
with the work of Yaacov Agam, an early kinetic artist who was also very much con-
cerned with viewer participation and who had previously exhibited at the Drian

Galleries.'®
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By 1964, Willats had left Ealing College of Art, found a studio, and began the
first works in his series, Visual Automatics (illuminated shift boxes marrying random
variable theory and audience self-organization systems to determine their own se-
quence). In order for the shift boxes to work efficiently a simple on/off binary pro-
gram was utilized. This was where his colleague Peter Whittle came to the fore,
suggesting an independent program for truly random situations. For Shift Box
No. 1, heat sensors created an analogue so that heat between two contacts within
switches worked correctly.

Based on these works and further research, Willats produced his most ambitious
conceptual drawing to date: Virtual Reality Booth, an analogue series of experimental
works for a multichannel booth, that through touch, smell, and other variables
would provide the participant with a multisensory experience. This was during a
period when transistors were beginning to replace vacuum tubes in computers and
Willats was one of the first artists to realize their potential. (This was only a year
after Ivan Sutherland had developed his Sketchpad system, which allowed the user
to draw directly on a screen.!?) At more or less the same time, Douglas Engelbart
was working with colleagues at the Augmentation Research Center (ARC), a devel-
opment environment at the Stanford Research Institute, on the On-Line System
(NLS), developing the world’s first implementation of what was to be called hyper-

text.2Y

Engelbart, mirroring Willats’s interests, was particularly concerned with
“asynchronous collaboration among teams geographically,” with “Augmentation
not automation” being the slogan.?! The goal was to enhance human abilities
through computer technology. Engelbart had, in turn, been influenced in the
1940s by Vannevar Bush’s article, “As We May Think."”??

Waillats exhibited some of his random variable drawings and the drawings for his
Manual Constructions, together with notes relating to these ideas, at the invitation of
a group of doctors at the Chester Beatty Cancer Research Institute in London in
1964. Willats was seeking a wider audience for his ideas at this time, and a frame-
work within which to operate. “In these drawings,” he said, “the observer may view
a single part, relate part to part, view the area as a whole, or wander at random over
it. The drawings are connected with a way of looking at objects and relating oneself
to an object.”*> Willats began to attend gallery openings, handing out personal
manifestos>? while kitted out in a white lab coat. Articles about his work began to
appear,”’ and he started his own magazine, Control.?° It was while handing out some
of his manifestos at an exhibition of Roy Ascott’s work at Hamilton Gallery in 1964
that Ascott invited him to teach at Ipswich School of Art, where Ascott was then
running the fine art course. Willats was given complete control of the direction of
the course for a year, working with approximately twenty students in a studio con-
text. This appealed to his sensibilities and he duly joined the teaching staft in East
Anglia from 1964—1965. This was the first time Willats was able to work collec-
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tively with others on the concept of feedback, which tied in neatly with Ascott’s first
year foundation strand on cybernetics and being. Each week, Willats presented a
paper and asked students to solve a problem as a collective group for the following
week or month. Typically, they were asked to create a work of art that involved the
fabric of society and to make themselves an active part of the community and their
future life in Ipswich. They were to assume nothing about the nature of art, but in-
stead were to develop strategies about the situations they encountered. Willats was
keen to exploit the potential for these kinds of interactions in the housing estates
around Ipswich, which served as overflow from London. This environment tied in
perfectly with Basil Bernstein’s ideas about language and context-restrictive lan-
guage codes: beyond the gallery, there was a freedom, which conversely through re-
strictive signs could only constrain you. The students could choose whom they
operated with, uninhibited by artistic conventions, and create bonds of trust with
the inhabitants and tap into their restrictive codes.?’

It was while at Ipswich that Willats was able to develop “visual transmitters” in
an eponymous series of three works. Throughout London, at this time, there were
army surplus stores selling all manner of clothing and equipment. Cylloscopes;
rotating uni-selectors, and photo-electric cells could be bought cheaply. Willats
took advantage of the access to cheap materials to create Visual Transmitter No. 1
and Visual Transmitter No. 2, which were very programmatic and used random vari-
ables based on alpha rhythms (hgure 3.1).

The idea behind the series was to reduce the variables so that viewers’ toleration
levels became restricted and areas of information did not become overcrowded. This
was achieved by using four or five rotors within the machinery. It was a cybernetic
model that controlled the relationship between the work and the viewer. Some of
these works were exhibited in kinetic exhibitions in the United Kingdom and
abroad.?® Willats, however, became dissatished with the fact that the exhibitions
did not permit the viewer to manipulate them; his ultimate aim was interactive
exchange.

Ipswich closed its doors for the summer, and the rest of 1965 was the period
when Willats termed himself a conceptual designer, feeling that the traditional
role of the artist was inadequate to intervene positively in society to give people
what they would consider useful and familiar. Two manifestations of this new direc-
tion were conceptual designs for self-organizing furniture and for clothing that
would express the concept of self-organization for the wearer and to onlookers—
namely, the user could manipulate what they wore or sat on. The furniture, made
cheaply from chipboard, was called Coree Design and could be manipulated by the
prospective buyer into a myriad of shapes reflecting the many functions it might
potentially fulfill. One dress, named Variable Sheets, would enable the wearer to

construct her own personal garment from a kit of multi-colored PVC panels and
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Figure 3.1 Stephen Willats, Visual Transmitter No. 2, 1965-1966 (wood, Perspex, electronics,
stainless steel, and mixed media) as exhibited in Visual Automatics and Transmitters, Museum of
Modern Art (MOMA), Oxford, 1968.

Perspex shapes, as its name suggests. A helmet would also have been supplied with a
transparent visor, so that the wearer could literally alter her view of the world in a
psychedelic mix of rainbow colors. In addition, a lamp attached to the top of the
helmet would project a beam of light into the path of the wearer and passersby,
reflecting past, present, and future reality.“” Willats’s conceptual design period
lasted nine months.

Willats returned to teaching at Nottingham School of Art between 1968 and
1972,°Y where he devoted his energies to achieving his vision of interoperability,
resulting, initially, in Visual Homeostat, developed with Peter Whittle and Chris

Grimshaw, working in Oxford using transistor diode logic. The work comprised

Adrian Glew

24




two units with two faces that interacted with two participants. By using an ultra-
sonic field and photo-electric cells between them, as each person got nearer to the
unit, the program would run more quickly. The system worked by interrupting a
beam that would trigger a simple program; people could only work successfully
with the artwork by cooperatively developing their experience together (figure
5.2). This led to the building of Willats's most ambitious work of this period, the
Visual Homeostat Information Mesh, 1969—1971, which had five component units of
red and blue photo-electric cells turning on and off seemingly at random, driven
by a binary program constructed with the help of Chris Grimshaw and Jack Shot-
bolt. This work used relays with lamps that required two people to self-organize to
reach agreement. At that time, it was the most widely seen of the interactive works
by Willats and was shown shown in two kinetic exhibitions at the Hayward on the
South Bank and the ICA in London.?! Looking back, Willats admits that there were
deficiencies to the piece as the philosophical ideas underpinning the work were be-
yond the technology at the time.??

Realizing the limitations of working simply with light, Willats began to engage
with encodings of language, which led to his next series, Visual Meta Language Sim-
ulation. This used the most advanced computer transistor-transistor logic (TTL) then
available to explore the interpersonal relationships, and specifically mutuality, be-
tween people.”” It was a dynamic simulation of a social concept based on a learning
program of code recognition. It consisted of two decision boxes, an environment,
and the “Problem Display,” each of which was illuminated. The participants built
a metalanguage to connect their separate decision-making processes. It proved very
successful, relying again on two people in a mutual relationship with one person
completing a colored shape before the other person. If the correct decision was
made, the territory under the control of the first participant—indicated by illumi-
nated Bernsteinian shapes—increased at the other’s expense. In addition, the mark-
space ratio between the nodes that made up the central environment altered in that
participant’s favor (that is the duration of pulses displayed within his or her territory
increased while the other participant’s decreased). However, this increase in speed
meant that the “winning”’ participant could never achieve completion, as the time
needed to make a decision about the next shape became too short. Like many of
Willats's best pieces, it worked optimally when participants communicated cooper-
atively with one another, creating a more symbiotic relationship. Willats was again
assisted on this project by Chris Grimshaw, but the technical aspects were only fully
realized successfully through the advice of Derek Aulton, who took over the devel-
opment of the electronic engineering in 1971 (hgure 3.3).>"

By 1972—1973, Willats recognized that there were two different directions he
might take. On the one hand, there was Visual Meta Language Simulation, which

represented a social ideal embodying cooperation and interaction between people
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Figure 3.2 Stephen Willats, Visual Homeostat, 1968 (wood, Perspex, and electronics) photographed
in the artist’s studio, 1969.
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Figure 3.3 Stephen Willats, Visual Meta Language Simulation, 1971-1972 (wood, Perspex, stain-
less steel, electronics, and mixed media) as exhibited at Cognition Control, Museum of Modern Art
(MOMA), Oxtord, October 14—November 5, 1972.

through simulation, where the participants learned the language of the simula-
tion.”> On the other hand there was the simulation itself that could be enacted as
part of the fabric of everyday life, using the very language of the participants. Will-
ats was able to test the latrer direction when invited to create a project for the Leith
Festival in Scotland in the summer of 1973.7° Here he was able to use the language
of the neighborhood, create project groups, appoint administrators, and pose prob-
lems for murtual resolution using the latest computer technology. This developed
into a five-day artwork, called The Edinburgh Social Model Construction Project.’’” The
aim of the project was to enable residents in four locations in Edinburgh to con-
struct a self-determined model of their own and other people’s social behavior,
achieved by participants “encoding and articulating their perceptions and under-
standing of social behaviour conventions, customs and rules.””® The participants
from four project groups provided responses, via tabulated sheets handed out by
twenty administrators, to problems set by a computer program analysis of consensus
tendencies made from the day before.”” These responses were then fed into a main
computer, programmed by Stuart Pound,™ with four online terminals (teletype
machines), significantly—considering their ubiquity today—housed in the street

that would create additional consensus tendencies.?' The terminals were interactive.

so people could engage with the simulation in their own languages, suggesting

directions for new problems to be set by the consensus tendencies program at the
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end of the day. Willats was able to tap into some new technology to enable this
to happen, namely punched cards for a mainframe computer housed at ICL’s (In-
ternational Computers Limited’s) center at Dalkeith, and Rank Xerox teletype
machines connected to a central Xeroxing printer machine. Technologies were coa-
lescing to such an extent that responses could be completed by 4pm to be delivered
to the main computer center in Dalkeith at Spm, where consensus tendencies were
compiled by 9pm, prior to new problems being set for 8am the next day, with a
printed Xerox tabulation delivered to participants by 9am. In addition, there was a
fifth terminal in the Edinburgh Festival foyer, where casual visitors could partici-
pate, though their solutions were processed separately within a closed loop. At the
time, Willats concisely summarized the purpose of the project:

The project is conceived as an art work which attempts to relate art practice to a
specific social context that is external from the traditional physical and social areas in
which art functions. The concerns of the project attend to the distinctions between
conventions, customs and rules of behaviour that govern relationships between peo-
ple within different physical and social contexts. It enables people who take part to
encode and comprehend its concerns in the context of their own physical and social
environment. ... The methodologies used in the project are related to the contextual

environment of participants so as to increase its relevance and meaning to them, and
they are operational within their existing routines of behaviour.4?

When not working on the Leith project, Willats was establishing his Centre for
Behavioural Art at Gallery House in London.*®> He had already exhibited a public
monitor linked to his West London Social Resource Project in this space.** By develop-
ing his own centre, Willats could further explore themes relating to the artist as an
instigator of change in social cognition and behavior by establishing relationships
between art, cybernetics, and the behavioral social sciences.*> To stimulate debate
in this area he invited a number of experts including scientists such as Robert Bell,
Jerry Brieske, George Mallen, and Stuart Pound to speak on topics of their choice.*®
Willats also gave illustrated talks at Gallery House.?” The Centre saw the presenta-
tion of a more complete version of Visual Meta Language Simulation. When creating
the Edinburgh Social Model Construction Project, Willats had realized that there was too
much information to process manually and that any bias by the artist would always
be present. A computer would be needed to create a structure beyond the artist and
one that would not make assumptions or judgments. This formed the basis for Meta-
filter, another key work examining mutuality and cooperation in Willats’s early
oeuvre, which used the latest available technology.*® Willats conceived Mezafilter as
“a dynamic Prescriptive Model of interpersonal scructures, in that it functions as a
mechanism over a period of time. The work is designed as a machine that functions
between two people who may or may not know each other before operating it.”’*”

The work comprises a wooden unit to be used by two people seated opposite one
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another. There is a large upright panel, which houses a slide screen and from which
neither participant can view the other. On the sloping desk panel sits a problem
book with a keyboard and a number display. To the left of the keyboard, there is a
slot for the deposit of completed problem books. Derek Aulton engineered the log-
ical program in terms of engineering, which was a considerable feat, as the work
dealt with problem situations that were complex, in loops, and with many subsid-
tary parts.”” Merafilter presented the participant with a sequence of problems framed
as questions concerning how two participants viewed a symbolic group of eight peo-
ple represented in a series of everyday situations. These appear as neutral photo-
graphic images on the slide screen; each photo was chosen with great care to in
order to minimize the distortion inherent in photography. The participants were
asked to provide a solution to each problem and, in order to do this, were asked to
search through a thesaurus of person perception words for a word that both partic-
ipants could agree upon.’! Rather than compile the thesaurus himself, Willats took
two groups of philosophers—one working from a behaviorist standpoint and the
other from a humanist perspective—rto create the lexicon. So, in response to the
problem, operators selected what they considered to be the most appropriate word
from the thesaurus, and entered it into the machine, while at the same time commu-
nicating their choice with the other participant by typing the unique number of the
word on the keyboard. Like his earlier works, Metafilter was designed for two people
to carefully and systematically cooperate, with no right or wrong way to engage
with the piece, and no correct or incorrect view favored by the work. The level of
agreement was allowed to fluctuate and direct itself to whatever field of investiga-
tion was decided upon between operators.

Once agreement was achieved, the programming within Metafilter provided a
basis for progression by presenting the operators with a new problem to coopera-
tively solve. The program could also assist if no agreement was reached by positing
another problem that provided an alternative way of looking at the kind of behavior
being considered.’> The computer, in this instance, becomes subservient to the

exchange of people consciously trying to develop two strategies. In response to a
question posed by John A. Walker about whether participants could gain much by
looking at the physical exterior or indeed by examining the electronic circuitry
within, Willats replied, “The physical machine is not seen as important except as a
means of achieving a set of re-orderings.””” As both participants progress through
the system, perceptions are conjoined with results made manifest in the problem
book. The operators receive carbon copies and the originals are shown on walls sur-
rounding the machine so that past responses can be compared with those of current
participants. Whereas photographic encoding of reality in the locale was the me-
dium favored in the Edinburgh Social Model Construction Project, making it very site

specific, Metafilter’s use of language meant that it could be located anywhere.”"
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From this brief survey of Willats’s early work, one can see a natural evolution
from concerns with single participants, through involvement with groups of people
(often in binary pairs), to working with entire social clusters. Cybernetic concepts
such as self-regulating systems and homeostasis are used to illustrate complex sys-
tems of input and output as heuristic or problem-solving apparatus for the partici-
pant. One can perceive an increasing sophistication in the way electronic hardware
and software is used to process the ever-increasing amounts of data generated. The
figure of Stephen Willats, as artist, is ever present both as investigator and observer
of the system. As time has progressed, Willats has shifted from objective outsider
to internal agent and back to interested onlooker. The role technology and com-
puters have played in Willats’s work contrasts sharply with the way in which such
machines were used by artists in exhibitions like Cybernetic Serendipity at the ICA,>>
and is best summed up by the artist himself:

The use of task-orientated or participatory techniques and the references to learning theory
means that one is entering the world of engineering—that is, the engineering of human re-
sponse. One could argue that this is what artists have been concerned with all along. How-
ever, although sophisticated technology is pertinent to the artist he 1s not concerned with
extending the behavioral sciences but with furthering the realm of art.>®

Notes

1. For instance, his work with residents on a Peckham housing estate and citizens of Shef-
field, the results of which were exhibited respectively in Changing Everything, South London
Art Gallery, July 1-August 2, 1998, and Creative Force, Mappin Art Gallery, Shetheld, July
10—August 30, 1998.

2. Solo and group exhibitions during this period included those devoted to Yaacov Agam,
Jack Clemente, William Crozier, Erich Kahn, Kosice, Stephen Gilbert, Cecil Stephenson,
Edgar Pillett, Brian Wall, and Herbert Zangs; of major significance was the exhibition on
English Constructivism in 1960.

3. The principal people involved were Brian Elliott, David Elliot, Constantin Mouches, and
the art theorist Andrew Hudson.

4. Willats completed four of these early notebooks at the Drian—three of philosophical
writings and one of conceptual models and propositions about the nature of art.

5. Staff included Roy Ascott, Anthony Benjamin, Adrian Berg, Denis Bowen, William
Brooker, Bernard and Harold Cohen, Noel Foster, William Green, Derek Hirst, R. B. Kitaj,
Brian Perrin, George Poperwell, Robin Ray, Larry Rivers, Peter Startup, and Brian Wall.

6. For a survey of the teaching methods employed at the Institute of Design, Chicago, see
Taken by Design: Photographs from the Institute of Design, 1937—1971, edited by David Travis
and Elizabeth Siegel (Chicago: University of Chicago Press, 2002). Roy Ascott studied under
Victor Pasmore and Richard Hamilton at Kings College, University of Durham, and is the

Adrian Glew

30



founding president of the Planetary Collegium; professor of technoetic arts, University of Ply-

mouth, England; and visiting professor in design/media arts at the University of California,
Los Angeles.

7. This echoed the ideas of Harry Thubron (1918—-1986), who studied at the Royal College
of Art, London, before becoming an influential teacher at art colleges in Sunderland (where

he had a direct influence on Victor Pasmore and the course at Newcastle), Leeds, Lancaster,
Leicester, and Goldsmiths in London.

8. The New Vision Centre Gallery was another of the small number of avant-garde galleries
in London showing, among other artists at this time: Keith Arnartt, Peter Blake, Stuart Bris-
ley, William Green, Gordon House, Heinz Mack, Piero Manzoni, and Ralph Rumney.

9. Nicolas Schoffer (1912—-1992), who is often termed the father of cybernetic art, created
his first outdoor, interactive light sculpture in 1956. His solo exhibition, Spatiodynamic Cyber-
netic Luminodynmaic Sculpture . . . | Institute of Contemporary Arts, London, July 8-30, 1960,
was a great success. The term c¢ybernetics was coined by the American mathematician and early
computer developer, Norbert Wiener (1894—1964), who defined it, as “the science of control
and communication in the animal and machine,” which was the subtitle to his book Cyber-
netics (Cambridge, MA: MIT Press, 1961). The discipline embraced information, feedback,
identity, and purpose.

10. There were talks by artists such as Anthony Benjamin, Richard Hamilton, Robin Page,
Brian Wall, and Group Zero (Heinz Mack, Otto Piene, Gunther Uecker), as well as by the
architect Norman Foster.

11. Basil Bernstein (1924—-2000) was a preeminent sociolinguist, particularly known for his
series Class, Codes and Control, which became required reading in sociology courses world-
wide. Willats remembers hearing him talk at the ICA around this time.

12. Gordon Pask developed a unique theory of learning within a cybernetic framework based
on research into biological computing, artificial intelligence, cognitive science, logic, linguis-
tics, psychology, and artificial life. As early as the 1950s, Pask had reproduced intelligent
behavior with his own electromechanical machines.

13. Such as the New Scientist, Scientific American, and the seminal text by W. Grey Walter,
The Living Brain (New York: W. W. Norton & Company, 1963). In the 1940s, Dr. Walter
had carried our pioneering research on mobile autonomous robots with his robot “tortoises”
Elsie and Elmer, which proved influential in the development of cybernetics.

14. Dr. Christopher Evans joined the National Physical Laboratory in the mid-1950s. He
published both academic and science fiction texts, including a number on the subject of
sleep, dreams, and computers; see, for instance, his eponymous text in The Disappearing Fu-
ture, edited by George Hay (London: Panther, 1970).

15. The Drian Galleries was close to Selfridges. Willats often took lunch there, though he
did not contact the store about his idea.

16. This series was initially shown to visitors at Willats’s studio first at Redesdale Street,
Chelsea, and then at 5 London Mews, Paddington, before being publicly shown for the first
time in Willats’s solo exhibition, Concerning Our Present Way of Living, Whitechapel Art Gal-
lery, London, January 12—February 25, 1979.
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17. System Research Ltd. was Pask’s empirical baby where cybernetics could be simulated
and alpha rhythms examined in a laboratory setting. It was here that Willats became aware
of Ross Ashby (1903—1972) and his Homeostatic Machine or Homeostatic Model, homeostasis
being an important facet of Willats’s work to this day. Ashby wrote two classic texts concern-
ing the study of organizations and the control of complex systems, Design for a Brain (New
York: John Wiley & Sons, 1952) and Introduction to Cybernetics (London: Chapman & Hall,

1956).

18. Yaacov Agam is best known for his role in the development of kinetic art. His work is
typically characterised with abstraction, movement and viewer participation, especially in his
transformable pieces first made in 1952, and which were shown at the Drian Gallery, April—

May 1959.

19. Dr. Ivan E. Sutherland developed Sketchpad to create highly precise drawings. He also
introduced important innovations such as memory structures to store objects and the ability
to zoom in and out. He currently teaches, undertakes research on advanced hardware technol-
ogy and is a vice president and fellow of Sun Microsystems, Inc.

20. Douglas Engelbart (b. 1925) later had a hand in inventing or contributing to several
interactive, user-friendly devices: the computer mouse, windows, teleconferencing, email,
and the Internet. |

21. As quoted in Douglas Engelbart and Harvey Lehtman, “Working Together,” BYTE 13,
no. 13, (December 1988): 245-252.

22. Vannevar Bush’s article, “As We May Think,” published in the Atlantic Monthly in
1945, outlined—among other innovations—his concept of a machine that would aid human
cognition.

23. Statement in catalogue of exhibition, Chester Beatty Research Centre, London, January

1964.

24. Manifestos included, “Society’s Aesthetics,” “The Artist as a Philosopher,” and “The
Random Event.” A later one entitled, "Totalism™ includes the lines: “Computerised central-
ism sweeps our decision-power inte the margin: open control dies” and, “Totalism deals with
the 100%. Artists, with intense visual and environmental originality, persuade the mass but,
with openness technologically assured, they are controlled by the mass, who learn from them
till the two but merge,” signed Logie Barrow (aka Stephen Willats), June 19, 1965.

25. For example, John Newell, “Alpha Rhythm Applied to Art,” New Scientist 25, no. 4306,
(January 14, 1965): 75-76.

26. Control magazine, which was first published in 1965, was established for artists con-
cerned with the social function of art in contemporary society allied closely to cybernetic or
behaviorist ideas. It is still published at periodic intervals today.

27. In collaboration with Willats, one group of students developed a questionnaire, which
they used when going from house to house looking at color and shape associations. From this
empirical research, students realized that the community would find it useful to have sign-
posts indicating areas that were particularly important to them such as directional ones to the
local supermarket or warning signs alerting children to the existence of a dangerous pit. In
all, seven signposts were created and positioned in the neighborhood, remaining in place for
many weeks. Other students attempted to develop the ideal picture for an audience. Again,

Adrian Glew

32



they used the methodology of the questionnaire and constructed paintings using new tech-
niques based on the responses to the questionnaires, such as images of galloping horses with
the sun setcing behind. The paintings were later given to respondents.

28. For instance, Kunstl/ichKunst, Stedelijk van Abbemuseum Eindhoven, Netherlands, Sep-
tember 25—December 4, 1966; Light in Movement, Herbert Art Gallery, Coventry, December
7=31, 1967; and, most notably, his solo exhibition, Visual Automatics and Visual Transmitters,
Museum of Modern Art, Oxford, October 22—November 16, 1968.

29. A drawing of Variable Sheets and the acrual clothing and helmert is in the collection of the
Victoria and Albert Museum, London.

30. Here Willats created The Man from the Twenty First Century, 1969—1971, and he would
later recurn te Nottingham to organize Cognition Control Project, an umbrella title for six
projects by nine individual artists in and around the city in 1973. These ranged from Mick
Burrows's radio artwork, Mass Media People, to an interactive piece, Mind Rover, by Stroud
Cornock and Ernest Edmonds. For this project, Willats also initiated Sociaz/ Resource Project
for Tennis Clubs, a cooperative effort with four city tennis clubs. In 1974, Willats visited the
city again with his solo exhibition, Life Codes and Bebaviour Parameters, housed at the Midland

Group Gallery.

31. Kinetic Art, Hayward Gallery, London, September 25—November 22, 1970 and Electric
Theatre, Institute of Contemporary Arts, London, March 18—April 18, 1971.

2. In a conversation with the author, November 2004.

'
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. TTL 74 series logic supplied by Motorola Semiconductors Led.

34. Derek Aulton was a senior engineer at Ferranti Space; he collaborated with Willats over
the next seven years.

35. To address this aspect, Willats gave a paper on symbolic language at a Computer Art
Society symposium, [nteract, as part of the Edinburgh Festival in August 1973. Visual Lan-
guage Simulation was also presented in Edinburgh during this time, having toured the United
Kingdom previously at Gallery House, London, and in Willats’s solo exhibitions at Notting-

ham and Oxford, op cit.

36. This was part of a group of projects for the Edinburgh Festival, also organized by the
Computer Arts Society under their collective title, Interact, August 1973.

37. The Edinburgh Social Model Construction Project, sponsored by the Computer Arts Society,
International Computers Ltd., and the Leith Festival, August 25-31, 1973.

38. See Stephen Willats, Project Operators Manual Social Model Construction Progect, 1973, 3.

39. Interestingly, Hans Haacke used questionnaires with ten demographic questions for
his Visitor Profile series for visitors to the exhibitions, Software, Information Technology: Its New
Meaning for Art, Jewish Museum of Art, New York, September 16—November 8, 1970;
Directions 3: Eight Artists at the Milwaukee Art Center, June 19—August 8, 1971, and later at
Documenta 5, Kassel, June 30—October 8, 1972. For Software, the installation comprised a
teletype terminal with a monitor that was connected to a time-sharing computer. The com-
puter was programmed to cross-tabulate demographic information about the museum audi-
ence and to provide a profile of all the visitors to the exhibition. Ironically, the software did
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not operate in Soffware, though answers to the questionnaire for Visitor Profile were processed
by computer at Milwaukee, confirming the viability of the real-time display of a feedback
loop between audience and artwork. Haacke, however, felt discouraged from using such tech-
nology again.

40. Stuart Pound later became Director of the British Society for Social Responsibility in
Science.

41. The consensus tendencies, comparisons made by the computing system, were used by
participants as the foundation for their solutions to the project’s problems. Participants could
compare their solutions with others by accessing the public monitors or terminals.

42. Press release titled, “The Edinburgh Social Model Construction Project August 25th—31st”
(1973).

43. Gallery House was a temporary alternative exhibition space in South Kensington man-
aged by Rosetta Brooks and Sigi Krauss between spring 1972 and summer 1973.

44. Shown as part of the Survey of the Avant-Garde 1, Gallery House, August 18—September
8, 1972. The West London Social Resource Project, March 1972.

45. Willats set up the Centre for Behavioural Art on the second floor of Gallery House be-
tween 1972 and 1973 as a members-only research forum. While resident, he also curated a
solo exhibition, The Artist As An Instigator of Changes in Social Cognition and Bebaviour.

46. Dr. Jerry Brieske, for instance, gave a talk about his interest in man-machine interaction
and its relationship to education. He had already designed an adaptive teaching machine for
use in psychological research as well as undertaking research into the formulation of a model
of a goal-seeking adaptive organism.

47. For example, The Use of Interactive Learning Systems by the Artist, October 28, 1972, in
which Willats examined past and future applications of learning theory models to structured
interaction through the use of machines by himself, Don Mason, and George Mallen.

48. Work on Metafilter began in March 1973, with work first shown at The Gallery, Lisson
Street, London, later that year.

49. Stephen Willats, “Metafilter,” Art & Artists 9, no. 104 (November 1974): 28.

50. Some of the original components from Metafilter are housed in the records of the project
now in the Tate Archive (TGA 999).

51. The words were grouped into sections—associated with a form of behavior within a
group—such as “basic relationships,” “social provision,” “survival behavior,” “projectional
behavior,” and “formal behavior”; these were further divided into twenty subsections.

52. The machine automatically resets if: participants cannot agree for five problems; twelve
problems are completed; or a word from the thesaurus is not entered into the system within
four minutes.

53. Stephen Willats in an interview with John A. Walker, Studio International 190, no. 977
(September 1974): 151.

54. Metafilter was subsequently exhibited in venues such as the Midland Group Gallery,
Southampton Art Gallery, Tramway, Glasgow, the Tate Gallery, the Whitechapel Art Gal-
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lery and at galleries in Paris and Berlin. The work is now in the collection of the Musée
Nationale de La Ville de Paris, France, and is currently on tour in that country.

55. Cybernetic Serendipity, 1CA, London, August 2—October 20, 1968. The exhibition
involved 130 contributors, of whom 43 were composers, artists, and poets, and 87 were engi-

neers, computer scientists, and philosophers. See Jasia Reichardt’s account in “Cybernetic
Serendipity,” Studio International 176, no. 905 (1969): 176-177.

56. Stephen Willats in an interview with John A. Walker, op cit.
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Interactive Architecture

John Hamilton Frazer

This chapter explores the development of concepts of interactive environments by
comparing two major projects that frame the period of this book. The Fun Palace
of 1960 and the Generator of 1980 both proposed interactive environments respon-
sive to the needs and behavior of their users, but the contrast in terms of the avail-
able technology and what it enabled could not be more marked. The Fun Palace
broke new architectural, organizational, and social ground and was arguably the first
proposition for cybernetic architecture; the Generator demonstrated how it could be
achieved. Both projects are now acknowledged as seminal architectural propositions
of the twentieth century, and both were designed by Cedric Price.

Significantly, both projects were driven by a social idealism for which the devel-
oping technology almost incidentally provided the solution. As Price himself put it:

“Technology is the answer—but what was the problem?”!

This was a rhetorical
question for a slide presentation, but the question, or at least the issues, was very
clear to him—Price placed architecture in an entirely new perspective, generating
models for future architecture. His commitment was not to architecture as then
known, but to some value or effect outside of architecture that architecture was to
serve. Price’s projects explored his generic ideas about new ways of making environ-
ments responsive to the needs and desires of their users, and became the fundamen-
tal archetypes of a new deal for users—or a new “menu,” in Price’s terminology, for
consumers of architecture.

At a time when architects were beginning to acquire a social conscience, Price
went far furcher and centered his thinking on social and ethical concerns from which
architecture might be a byproduct. He continually challenged the preconceptions of
the profession and society about the limits and social usefulness of architeccure. For

most of his associates, these fundamental social and ethical concerns were the driving



inspiration of the period. Technology was seen as the primary force to enable this
change.

The Context of the Sixties

Throughout this chapter, there is an ironic leitmotif. Although we are celebrating
computer creations of the 1960s and 1970s, there were in fact no computers; or,
more accurately, there were no computers that most people could get their hands
on, let alone program if they did gain access. So the period is also framed by the
arrival of mainframe computers to some leading universities by the 1960s and the
first personal computers appearing on the market at the end of the 1970s.

The sixties and seventies were rich in ideas but strangely (yet perhaps advanta-
geously) impoverished of actual technology. From the perspective of my twenty-first
century work environment (my Sussex garden where I use a wireless broadband
battery-powered laptop), it is hard to remember how little we had of the technology
we talked so much about. And now, although the performance of the technology has
exceeded the wildest dreams of the seventies, the vision and direction seem drained
and tired. Perhaps this is because the politics have changed more dramatically than
the technology, and mainly for the worse.

In a recent article in Architectural Design,? 1 described how, while T was writing
the article in my garden, a student had logged in from China for a tutorial in one
window; my son was chatting in another; in a third window an urgent email query
from Frank Gehry’s ofhice was being answered;and then Cristiano Ceccato came on-
line from the first class cabin on a plane at 35,000 feet over India. It was 4pm Brit-
ish Summer Time—that magical time of the day when Los Angeles is waking up
and Shanghai is not yet asleep. The text and images for the article were then
assembled and sent to the editor and transmitted online by wireless link. But more
significantly, I reflected that I had just been connecting to the Peoples Republic of
China, the United States of America, and the air space over India simultaneously
from my garden in the European Union with an international network of agreed
protocols. The politics of this seemed more wondrous than the technology and
were quite impossible to conceive during the sixties and seventies. In the mid-
1960s, revolutions were plotted from communes in North London, and with the
1968 Paris student riots we saw a real chance of a quick fix to social injustice.
But with the sobering 1973 oil crisis came new strategies to effect social change
and hope was seen in the new technologies and the emergence of cybernetics in
particular.

By 1960, the computer age had supposedly arrived, but, as I wrote above, there
were no computers, or at least no computers to which most of us had access, so the

sixties and early seventies fostered a prolonged thought experiment. Most of us
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could not access or afford computers, so we just imagined we had them and we also
imagined all the rest of the technology and social and political change necessary to
realize our dreams. So it became a challenge of computing without computers—like

an athlete prepares mentally by rehearsing in the imagination the achievement of
some dithcule feat. In architecture, we spent the sixties and seventies going through
a mental rehearsal of what it would be like at the beginning of the twenty-first
century—except that we were thinking it would all happen in the eighties!

First Interactive Environment: The Fun Palace

Joan Litclewood, the legendary producer of radical and political theater, approached
Cedric Price in 1958 with a project to regenerate what she described as the “tired
formalism™ of theater and amusement facilities and reincorporate them into the
everyday life of the city.” This initiated the notion of a fun palace, which would be
a flexible and indeterminate space. This concept reverberated through two genera-
tions; inspiring in particular Piano and Rogers’s Pompidou Center in Paris. Gordon
Pask, who was the cybernetics consultant to the Fun Palace project, cites Gaudi's
Parc Guell as the first interactive building because it provoked a reaction from the
observer.” That comment, which could be applied to many buildings, discribes a
passive type of interaction. Pask was also fond of saying that if it did not kick you
back 1t was not interactive. The Fun Palace however, stands at least as the acknowl-
edged first actively interactive environment—it would literally move and change in
response to the desires of the users.’

Price’s concept was not a static monument, but an ever-changing environment
responsive to the appetites of its users. There was no fagade or even formal enclosure
but cranes redeploying an expendable kit-of-parts as needed, and all under cyber-
netic controls developed by Pask.® A different configuration is shown in every draw-
ing; the conventional labels such as Elevation were replaced with titles such as
“Selection,” “Assembly,” “Movement,” and “Control,” and the whole proposition
is only grasped from a helicopter view at night with the roof retracted.

Writing in the New Statesman in 1964, Reyner Banham ignited a public debate
about the social potential of architecture by comparing the traditional frozen mon-
umentality of the then recently completed Crystal Palace Sports Centre with the
flexibility and new set of choices proposed in Price’s Fun Palace. Banham talked
not in terms of precedent, but by showing how as both a concept and a program,
it had far greater social relevance and conceptual significance than the Sports Centre,
the other contemporary “people’s palace.” Banham recalled that Cedric drove the
press mad for months by refusing to show drawings of what the Fun Palace would
look like and Banham suspected that even Cedric might not know but “that was not
the point. Seven nights of the week it will probably look like nothing on earth from
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the outside: the kit of service towers, lifting gantries and building components exist
solely to produce the kind of interior environments that are necessary and fitting to
whatever is going on. What matters is that the various activity-spaces inside the Fun
Palace will not be fossilised in a single architectural schema that may be functionally
out of date in five years ..."’

The real difficulty with the Fun Palace was not that nobody knew what it might
look like, but that it was never clear how it would be controlled and who would
have the fun of controlling all the gantries and moving parts. There was a notion
that it would all be dictated by some cybernetic system to be devised by Pask. How-
ever, because the cybernetic systems never got to the point of being a testable, ques-
tions of how decisions were made and how conflicts of interest would be resolved
were never addressed. But that was to change with the design of the Generator,

which will be described later in this chapter.
The In-between Years

We are now operating under a legacy clearly derived from the fertile thinking of the
late fifties, sixties, and early seventies, when many of the leading practitioners of
today were developing their own thinking and even beginning to teach it in the
more progressive art colleges of the world. I believe my own experience was typical
of that generation; perhaps I can shed some light on how things evolved by relating
a series of personal anecdotes and experiences that are representative of the period
and the whole post-war generation of artists and designers.

My first lesson in interaction was from Grey Walter. He built a series of tortoises
that returned to their boxes to recharge, guided by a light, and with wheels steered
by a photo-electric cell.® When I was six years old I was taken to the 1951 Festival
of Britain in London and saw one of the tortoises performing. I clearly remember
thinking that the tortoise was looking for its home. My Father patiently reproached
me and explained that this was only my interpretation, that the machine had only
apparent intentionality and I should avoid the temprtation of attributing meaningful
behavior to a machine. This did not deter me, however, from building my own tor-
toise when I got home. (It worked, but not as well as Walter’s.)

My second lesson was inspired by Donald Michie’s 1961 essay, “Trial and Er-
ror,”” in which he describes MENACE (Matchbox Educable Noughts and Crosses
Engine). MENACE was essentially a computer that learned to play noughts and
crosses (tic-tac-toe); it was constructed from more than three hundred matchboxes,
each containing colored beads. Each box corresponded to a possible position in the
game (symmetrical situations were eliminated) and each color of bead (there were

several of each color at the start) in the box corresponded to a possible move. MEN-
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ACE was played by humans who selected a color at random from the box corre-
sponding to the current state of play. At the end of each game, MENACE was
rewarded for a win by having extra beads of the appropriate color added to the ap-
propriate boxes, or punished for losing by having beads taken away. Since a good
strategy could be spoiled by a losing move at the end of the game, which would
resule in all boxes involved being punished, the rewarding system was very crude;
yet it still resulted in MENACE learning to play to the extent that it generally won
or tied 1f a human opponent made a mistake. As a fifteen-year-old schoolboy, I was
wildly excited by this concept and immediately built my own copy—and like the
tortoise it also worked. So my personal involvement with computers from this hum-
ble beginning ties in closely with the developments that began in 1960.

To pursue my interests, I enrolled at the independent Architectural Association
(AA) in 1963. My own experience was a typical struggle against both the lack of
computers and some hostile staff attitudes to computing. For example, in 1964, I
was ridiculed for designing a church based on a series of Boolean diagrams repre-
senting the relationship between theological propositions. Boolean descriptions of
relationships are now commonplace in computer programs for design applications.

Lesson three on interaction came in 1965 when Gustav Metzger lectured at the
AA on autodestructive art.'” He contrived for his slides to burn in the projector dur-
ing the lecture, and afterwards there was a demonstration in the courtyard outside.
His choreographed destruction of fluorescent tubes inspired an orgy of desolation,
with models, drawings, drawing-boards, and furniture being hurled from the studio
windows overlooking the yard; I was inspired to hurl myself from the rooftop onto
this participatory event—not from depression but a sense of elation. Others ad-
mitted feeling this impulse too: the mystic urge to martyrdom inspired by art.

Lesson four was Gordon Pask’s Musicolour system and his Colloguy of Mobiles in the
Cybernetic Serendipity exhibition in 1968 at the Institute of Contemporary Arts. Jasia
Reichardt brought together Norbert Wiener, Stafford Beer, Karlheinz Stockhausen,
John Cage, Edward Thnatowicz, Gustav Metzger, Gordon Pask, and others, combin-
ing poetry, music, art, sculpture, dance, film, even architecture. For page after page,
the catalogue!! documents the seminal experiments that set the agenda for the next
forty years. But for me it was Pask’s Colloguy of Mobiles, the first demonstration of
a working interactive environment (well it worked some days), that stole the show.
Male sculptures went into states of sexual excitement and rounded female figures
used their reflectors to attempt to satisfy them (issues of sexual stereotyping were
just beginning to emerge in the 1960s!). Visitors to the exhibition could also use
mirrors to attempt to intercept the light beams and thus satisty the Gordon Pask
look-alikes. The result was a spill of orgasmic light around the whole exhibition

space.
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The more progressive magazines of that time such as Architectural Design gave one
to imagine that computer-aided design was already a reality and that the construc-
tion of buildings by computer-controlled machinery was about to happen. The real-
ity was that the AA only acquired a teletype terminal to a time-sharing mainframe
in 1967, and no computing instruction was available. So I went to the London
School of Economics to learn programming, discovering how to program FOR-
TRAN using punched cards for the data analysis of social surveys. Later I had to
cross a vast gap from writing code to count single-parent families to programming
the instructions for drawing buildings.

Lesson five came about in 1967—-1968 through the pain of generating my first
computer drawings plotted in black ink on cartridge paper.'# Creating drawings of
a geometrical complexity that was virtually impossible by hand was inspirational,
but the agony of writing the software (there was no AutoCad) and entering all that
data started me on a lifelong project to improve the situation. With the encourage-
ment and help of my tutor, John Starling (who wrote the perspective routine for
me), I produced my final-year drawings using paper tape as the input and output-
ting from a flat-bed plotter that I had to hire by the hour. With no screen preview
there was every chance that the drawing would be blank ... but there was great joy
whenever the pen began its painstaking plotting. The cost of hiring this goliath was
astronomic; however, I was saved by the BBC coming to film “the first student proj-
ect to be produced by computer.” Seeing my desperation at the extra time the film-
ing was taking, the BBC generously picked up the whole bill (figure 4.1). At last I

Figure 4.1 Pen plotting student project at Glen computing. John Frazer, 1967-1968.
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finished what was possibly the first student project to be fully drawn by computer,
and won the year prize for it, only to have all the original drawings stolen from the
end-of-year exhibition.

Screen graphics finally arrived for me in 1969 when I graduated from the AA and
moved to Cambridge University to be an assistant lecturer. I finally had access to a

graphics display device—a circular cathode ray tube with refresh vector graphics.
The first lines faded before the last ones were drawn and had to be refreshed by over-
writing with the electron beam again and again; but this was at that time the only
graphics device at one of Britain’s most prestigious Universities.

The maintrame at Cambridge at that time was an Atlas Titan. Housed in the new
tower of the Machemartics Laboratory in Lion Yard in the center of the town, this
system allowed me to start developing generative programs based on a kind of dig-
ital DN A conceprt that enabled me to design structural forms automatically, without
the tedium of entering all of the data. I was helped in this venture by Charles Lang,
the director of the lab, and Richard Parkins, who wrote subroutines in Atlas Titan
machine code that packed into one word all the location, orientation, and unit type
data of the structural elements I was using. I then wrote the manipulative program
in FORTRAN, assisted by research student Francesco Guerra. And thus I success-
fully embarked on a long series of experiments with generative and evolutionary de-
sign (hgure 4.2).

Figure 4.2 Generative design on Cambridge University Atlas Titan. John Frazer, 1970.
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Lesson six came from John Horton Conway, who at that time was the only other
user of the graphics system at Cambridge. He was developing rules for his Game of
Life; a two-dimensional cellular automata in which the behavior of individual cells
was dependent on the number of neighbors. If there were too few neighbors, the cell
died of loneliness; too many and they died of suffocation. A reasonable density of
neighbors resulted in continuing life, and perfect conditions resulted in the birth
of a new cell. This anthropomorphosis of behavior recreated the fallacy of inter-
preting the behavior of the Grey Walter tortoises as lifelike. We naturally associate
certain patterns with living organisms and this led to the term “artificial life.”
Watching these little dots fighting for life on the screen inspired me, and I began
modifying my generative program to have Game of Life—like rules. I started thinking
of architecture as a form of artificial life (a theme I was to revisit with a group of AA
diploma students in the late eighties, outside this book’s time-frame).

By the mid-1970s, I was back at the AA again and we repeated the matchbox
computer experiment with a group of students, but this time we built two machines
to play against each other. The learning was slower but it still worked; we soon
witnessed the astonishing sight of two piles of matchboxes playing each other and
gradually improving their apparent strategies. I say “apparent’ because they actually
improved through learned response patterns rather than any kind of strategy. One
machine was always X and the other always O. Eventually the O machine would run
out of matches; we interpreted that as the machine giving up or getting bored. This
response refreshed yet again Grey Walter’s lesson about the ease with which we tend
to see behavior in machines as purposeful when it is not purposeful at all; or we at-
tribute to machines human characteristics such as boredom or a feeling of failure or
an urge to win. The inspiration for the project was of course Donald Michie’s MEN-
ACE, described previously, and Michie, who as a young man was a close colleague of
the legendary Alan Turing at Bletchley Park, is now widely regarded as the father of
British artificial intelligence research.

At the AA in the mid-seventies, I was able to introduce computing as an algo-
rithmic, generative process. We began by generating classical columns using pro-
portional rules based on James Gibbs’s 1732 treatise, Rules for Drawing the Several
Parts of Architecture “in a more exact and easy manner than has been heretofore prac-
tised, by which all fractions, in dividing the principal members and their parts are
avoided.”'” Gibbs provided us with an integer-based set of algorithms for drawing
columns. For example, Gibbs’s algorithm for the Tuscan Order reads, “take any
height proposed for this Order upon a straight line, and divide it into five equal
parts; one of those shall be the height of the pedestal, according to the outer division
of the scale. Then divide the other four parts above into five parts according to the
inner division of the scale; the upper fifth part shall be the height of the entablature

M We rendered this directly in about thirty lines of code and thus generated a
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Tuscan column according to Gibbs's rules. We then substituted a random number
generator for each of Gibbs's carefully considered proportional ratios. This generated
a grotesque series of Tuscan aberrants. The intention was to adjust the randomly
generated variables so that it was possible for the program to learn to emulate our
matchbox experiments. This failed at the time because our method of control was
too closely based on the matchbox process. Later, having discovered genetic algo-
rithms, I reran the exercise with a PhD student, Peter Graham, and succeeded in
controlling the proportions to either learn exactly Gibbs's preferred proportions (it
converged surprisingly quickly) or to learn proportions preferred by the user in a
user-selection system analogous to Richard Dawkins's The Blind Watchmaker bio-
morph software.'” But in the mid-1970s, the AA, arguably the most advanced
school of architecture in the world, still only had one teletype terminal. Everything
I did with my students was with the aid of my old friends in the Cambridge Math-
ematical Laboratory.

Late 1970s: At Last We Got the Computers, But No Software

Christmas 1977 was spent sitting in bed, snowbound in a remote farmhouse in
Killvleagh County Down, reading a stack of manuals for a Tektronix 4051 that
had just been delivered. I had taken a post as head of School of Art and Design Re-
search, History and Criticism at the University of Ulster (then Polytechnic) and at
last had access to enough resources to introduce computing into the curriculum as
the first microprocessor-based graphics systems became available. Our excitement
grew as we realized that here was the potential for every architect to have a graphics
computer on their desk. Famously, John Lansdown (to whom this book is dedicated)
was one of the first architects to acquire a Tektronix 4051.

At last we had computers but still there was no software, so we embarked on a
twenty-year task to write useful software that really assisted design rather than
obstructing it. Working with my wife, Julia Frazer, we developed a series of graph-
ics programs for the 4051, including the general purpose pattern program (GPPP),
an animation program (not much more than in-betweening and some automatic
functions), and a 3D wireframe visualizer, GPPP3. We also purchased a hidden
line program, BIBLE (buildings with invisible back lines eliminated), from the
ABACUS group in Strathclyde.

There were many obstacles to introducing digital tools, including outright
hostility from many staff. There was also the burgeoning authorship problem:
Should the artist or the programmer be accredited with the creation? We were
teaching students to use graphics programs and even to write simple generative rou-
tines, however the few staff who did show interest expected their doodles to be pro-

grammed for them, and that they would then get all the credit as the artist.
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However an even bigger problem was that we only had one graphics terminal and it
was obvious we wouldn’t get the funding for more, particularly in the face of a
strong anti-computer lobby from the department heads of Fine Art and 3D Design.
At the time it seemed understandable incomprehension, but in hindsight it was
clearly self-interest.

The arrival of the Commodore Personal Electronic Transactor, affectionately
known as the PET, allowed us to improvise by attaching small pens on plotters,
and even passing light via fiber optics into the plotters to record animations on
film. A new generation of students was introduced to the potential of computer
graphics and produced some remarkably creative and inventive work. (Some was
shown in the Young Blood exhibition at the Barbican in 1983.)

This part of the seventies was a fruitful period for all kinds of other collaborations
and, again, I believe my experience was typical. We invited a series of visiting lec-
curers to Ulster, including Edward Ihnatowicz, Cedric Price, Gordon Pask, Chris
Jones, Richard Gregory, and Tony Pritchard. The political situation in Northern
Ireland at that time was highly unstable and work in the Belfast city center was
interrupted by frequent explosions, gunfire, bomb scare evacuations of our ofhces,
and endless bodysearches just to go shopping. We tried to protect our visitors from
this; however, IThnatowictz in particular was very upset to learn that he had just
missed the sight from my office window of a remote-controlled army robot getting
blown up while investigating a suspicious device. Because of the dangers, most vis-
itors stayed in our remote farmhouse in Killyleagh, where we could see only the
Toye lakes, masses of wild geese, and the Mourne mountains beyond. In the sprawl-
ing outbuildings to the farm we built studios, laboratories, workshops, and ofhces,
and established our software company, Autographics.

When it became obvious that all architects and designers would soon be able to
have their own microprocessors, we set to writing graphics packages. We established
Autographics with Paul Coates and other colleagues and launched AutoPlan in
1979 and AutoView as the first commercially available 3D program (which soon
included hidden line removal). Only a few years later AutoCad appeared, eclipsing
our pioneering little company. But in the meantime, we had demonstrated to a
skeprtical profession that a useful drafting package was possible on a low-cost micro-
processor. We developed an interpreted graphics language known as SPL (Shape
Processor Language), which accessed a special-purpose ROM with machine code ma-
trix transformations for high speed graphic transformations. We based the interface
on the idea of user-defined commands, which enabled users to extend and customize
the functionality of the program.'® We went on to develop the first microprocessor-
based solid modelling program. It had an ingenious 3D cursor and replaced the
complex use of Boolean expressions with the simple metaphor of a workbench; this

is still employed in many CAD systems to this day.!” We later won many major
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design and innovation awards for this interface, including a British Design Award in
1988, Design Council and Shorts Aircraft special award for best technical innova-

tion in 1988, and the British Computer Society IT award for Technical Achieve-
ment 1n 1989.

Birth of Intelligent Building: The Generator

In our optimism, we hadn't reckoned for the despondency and lack of vision of three
decades of politicians, culminating in the greed and destruction of the Thatcher era,
which utterly drained creative spirit and imagination. But not quite! In fact the era
ended with the creation in 1979 of the world’s first intelligent building in the form
of Cedric Price’s Generator project.

The Generator was proposed as a kit of parts that enabled enclosures, gangways,
screens, and services to be arranged (in a forest clearing in Florida) to fulfill the
requirements of users (employees of the Gilman Paper Corporation). It was intended
to be part recreational, part social, and part think-tank. The forest floor was gridded
with foundation pads and a mobile crane was to be permanently on site to move
around parts of the structure, providing endless reconfigurations in response to a
self-organization strategy.

As architect for the project, Price was unequivocal in seeing architecture serving
the user. He described the Generator as “‘a forest facility . .. Architecture is used as an
aid to the extension of one’s own interests. A series of structures, fittings and com-
ponents that respond to the appetites that they themselves may generate. A ‘'menu’
of items for individual and group demands of space, control, containment and de-
light. A place to work, create, think and stare.”'® The Generator moved further than
previous projects by offering a clear program for how and why change could be
effected and what the variation in resulting environments might be like. It posed
the notion of an intelligent building that could learn from its own experience. It
was the logical conclusion to Price’s thoughts about interactive buildings following
the Fun Palace.

Price appointed my wife Julia and me systems design consultants to the project,
and we developed a suite of computer programs in 1979 to suggest new arrange-
ments on the site in response to changing needs (figure 4.3).

We proposed embedding microelectronics into every part of the structure and
connecting them through the foundation grid so that the whole structure would
“know’” where all the parts were. Thus all parts of the structure would cooperate to
compute new configurations to meet changing user needs and responses. In the
event that the users did not suggest many changes, the building would get “bored”
and start suggesting alterations. This would trigger a learning cycle by which the
building would discover how best to configure itself to meet the users’ needs and
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Figure 4.3 Working model of the Generator project. Architect Cedric Price, Cybernetics consultants
John and Julia Frazer, 1979.

perhaps stimulate new appetites.'” Our working model of this proposal is now in
the permanent collection of the Museum of Modern Art in New York, along with
many of our drawings.="

In Building Design, Price wrote:

Just to add to the computer in architecture debate I include this proposal from my consultant
on our latest project in which this friendly machine is widely used. “The site and the ele-
ments on it should have a life and intelligence of their own and the program would start to
generate unsolicited plans, improvements and modifications in response to users, comments,
records of activities, or even by building in a boredom concept so that the site starts to make
proposals about changes of itself if no changes are made.” Now such a proposal can only work
if the initial design allows for layouts and structures that can alter and decay and disappear.
Mine can.-'

The press were quick to pick up on this; the June 1980 RIBA Journal contains the

headline: “World’s First Intelligent Building.” The article described how micro-
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processor chips would be incorporated into the building fabric and how the different
computer programs would organize the site. It latcched onto the concept of boredom
as the logical conclusion to Cedric’s ideas about interactive buildings over a twenty-
year period. The article concluded: “The computer program is not merely a passive
computer-aided design program nor is it just being used to assist with the organiza-
tion of the site, but is being used actively to encourage continual change and adap-
tation to changing requirements.”22

In the January 1981 issue of Design, Deyan Sudjic heralded the “Birth of the In-
telligent Building™ and noted that “long before he began the project, Price was de-
termined to create environments which could instantly respond to their inhabitants’
immediate needs. Labelling a room on a plan has a paralysing effect on the way it is
used. Today it appears he’s set off on a course that could rid us of those paralysing
effects once and for all.” And on March 19, 1981, New Scientist commented on “a
building that moves in the night ... But to call it a building is an understatement;
for, by means of a few instructions from a central computer, the building can change
its shape and layout to meet the needs of people inside it.”’2?

Alcthough Price generously credited us as his consultants for adding this idea of
intelligence to the building, the idea was actually intrinsic to his building concept.
The Generator as a proposition was an intelligent building to which the consultants
just added the electronics and the software. Neil Spiller recently revisited this issue
in his Cyber Reader and reflects my own view that “important new ideas emerged
from the Generator project. These included embedded intelligence and learning
from experience during use, the isomorphism of processor configuration and struc-
ture, and the question of consciousness [of intelligent buildingsl.” Spiller continues,
“This important symbiosis, examined in Price’s architectural thesis of ‘enabling’ and
the use of the computer, sets a benchmark against which most contemporary ‘intel-
ligent’ buildings (and their designers) can be measured.”**

Price’s work espouses flexibility, not indeterminacy. It was driven not by a tech-
nological imperative, but a concern for the varying needs and appetites of the users.
[ contend that there is nothing “formless” or “indeterminate” about Cedric’s proj-
ects. They certainly have form and it is determined (at least the enabling structure
and systems, and indeed the form itself at any one moment) by the preferences and
needs of the users rather than imposed by the artistic whim of the architect. Con-
ceptually, Price freed architecture from traditional inflexible and overly determined
form.

In New Directions in British Architecture, Roy Landau saw indeterminacy as being
the basis of the New Directions of his title and suggested that Price approached inde-
terminacy ‘as an ideal which can be shown to have a very special appropriateness to
a range of architectural questions” producing work “possessing almost no arbitrary

formal allegiances.””> However, the Generator oftered a clear program for how and
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why change was to be effected and what the variation in resulting environments
might be like. The proposition was fully detailed in both physicai and system terms
so that it could be tested (in an abstract sense) and evaluated (in some sense at least).
The Generator unfortunately never got to the point where it would face the ultimate
test: Would it bring delight to the users?

Relevance Now

Projects in which functions and spaces continuously move about are understood by
some to be the architectural equivalent of the preoccupations of John Cage or are
dismissed by many critics as formless or like permanent construction sites; for others
they represent anonymous design. But certainly Price’s work was provocative, and
he distanced himself from the formal preoccupations of shape-making that obsess
architects and industrial designers. Formal architectural systems of arbitrary static
order were replaced by a new cybernetic order, restlessly changing to meet the real
needs of the users. Architecture as we previously knew it had been undermined.

So What Went Wrong?

Digital culture suffered from two contrary tides between 1960 and 1980. On one
hand we witnessed the development of important new technologies; on the other,
these technologies were exploitated and trivialized. Technology moved fast—in
many ways faster than expected—Dbut the social and political and economic systems
did not. When the problem becomes disconnected from the solution, we do not
have a solution at all but a new problem. The fundamental concepts of the Fun Pal-
ace and the Generator are models for a future architecture as yet unrealized. These are
not so much projects but generic ideas about new ways of making environments that
are responsive to the needs and desires of their users. They represent fundamental
archetypes of a new interaction for users—or, in Cedric Price’s terminology, a new

ImMernu.
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““Aesthetically Potent Environments,’”’ or How
Gordon Pask Detourned Instrumental
Cybhernetics

Maria Fernandez

Gordon Pask 1s rarely acknowledged in histories of digital culture and is virtually
unknown in the history of art. Pask was a cybernetician, not an artist, yet he was
influential in various arc-related disciplines including art installation, theater, archi-
tecture, and art theory. He participated in the groundbreaking exhibition Cybernetic
Serendipity, curated by Jasia Reicharde in 1968, and appeared prominently in the ex-
hibition catalog and texts associated with that exhibition." His theoretical writings
contributed to a diversity of fields including cybernetics, cognitive science, psychol-
ogy, education, ethics, and sociology. He built a number of machines for sociocul-
tural purposes as diverse as teaching and “sensing.” He wrote plays and musicals,
drew cartoons, and created works of cybernetic art.

Pask’s education was as eclectic as his professional production. After completing
his secondary education at Rydal School in North Wales, he obtained degrees in
geology and mining engineering from Bangor and Liverpool Technical Colleges.
He obtained his BA from Downing College, Cambridge, in 1952 and his MA in
1954. He completed his degree in psychology from University College London in
1964 and was awarded the first doctorate of science in cybernetics by the Open Uni-
versity in 1974. Pask published over two hundred essays and six books including A#
Approach to Cybernetics (1961) and Conversation Theory: Applications in Education and
Epﬁ‘!é‘)um/ ogy (1 976).%

The history of digital art must acknowledge the contributions of developments in
multiple disciplines. Unlike most genres of art practice, it is a field in which scien-
tific and technical ideas are as important as ideas from the humanities and the arts.
Indeed, the entire field can be seen as negotiating and mediating these two disparate
and even conflicting areas. In the spirit of this broader art history, I will evaluate

Pask’s importance to the arts of his time, his legacy in the field of digital art, and



the relevance of some of his theoretical concerns to contemporary art practices. I will
focus on three areas of Pask’s work from the 1960s: his “Proposals for a Cybernetic
Theatre”; his best-known artwork, The Colloguy of Mobiles; and his ideas for cyber-
netic architecture. These works exemplify the relevance of his thought to multiple
cultural practices as well as his unification of theory with material experimentation,
which was characteristic of his entire career.

Pask’s primary contribution to all the arts was his concept of aesthetically po-
tent environments, anchored in his understanding of the work of art as a system
that evolved independently or in interaction with a participant. These ideas, pro-
foundly informed by cybernetics, entailed complex theoretical propositions involv-
ing interactivity, organization, intelligence, communication, learning, and agency.
Pask defined “aesthetically potent environments” as those environments designed
to stimulate pleasurable interactions. In his view, such an environment should have
variety without overwhelming the user and provide “cues or tacitly stated instruc-
tions” to guide the participant’s learning process. That is to say, the work should be
familiar to the user both at a discursive and embodied level so as to make instruc-
tions unnecessary.” These recommendations contrast starkly with contemporary art
works that have complicated interfaces requiring special training.

For Pask, any work of art could be an aesthetically potent environment. It need
not involve mechanical or computer-aided interactivity. Regardless of the work’s
actual responsiveness and adaptability, interactions could result between the specta-
tor or participant and internal representations that the work elicited: ““The external
aesthetically potent environment, gives rise, bit by bit, to an internal representation
and the reciprocal interaction ... is internalized as a discourse between the internal
representation and our immediate selves.”* This suggests that the boundary between
thoughts and reality is a fluid one. This indeterminancy was, in fact, a given in his
conversation theory, which evolved simultaneously with his material experiments
and his concept of aesthetically potent environments. According to Pask, a conver-
sation was ‘the minimal situation for a meaningtul psychological, or a-fortiori
mechanical-psychological experiment.””> An external observer could judge the con-
versation intelligent only if the dialogue among participants indicated under-
standing. Understanding, was “a relation,” which involved a specific concept or
procedure for bringing about the relation, a memory or reproduction of this proce-
dure, and a self-replicating organization including the topic, the concept, and the
memory.°

Although some of his contemporaries shared Pask’s interest in systems, cybernec-
ics, communication, and interactivity, he was among the earliest to instantiate these
ideas simultaneously in technocultural arcifacts and theory. Consistent with the style
of cybernetics (a science with applications to everything), Pask’s work exemplified

interdisciplinarity. His machines and theories were neither art nor science; they uti-
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lized and exceeded both. Each of Pask's machines built on his earlier experiments
regardless of the purpose of the system. For example, SAKI (1956) and EUCRATES
(1957), both “self-adaptive keyboard instructors,” incorporated aspects of his audio-
visual interactive work, Musicolour (1953—1955). Similarly, his teaching machines
influenced his cultural projects. The frustrations that he developed with all of these
machines inspired his famous “ear.””’

Pask had a passion for the theater. While at Cambridge, he wrote and staged
plays and continued to write theatrical scripts throughout his life.® In the 1950s,
in collaboration with mathematician Robin McKinnon-Wood, he created Musicol-
our, a cybernetic system for the theater, which projected colored light patterns in
response to a musician’s performance. The machine reacted to the cues of the music,
by projecting these images onto a large screen. The performer could then respond to
Musicolonr, closing the loop.” Pask developed Musicolonr in tandem with his interest
in self-regulating systems. By his own description, Musicolour was both a technical
and an artistic experiment. It was “the first coherence-based hybrid control com-
puter. It worked by finding a method of coherence ... that united the internal
model of the machine with the external environment of the performers, and estab-
lished a cycle of activity which passed from one to the other and back again.”!® In
Pask’s opinion, it was a machine that could learn from the performer, play and co-
operate with him to create effects he could not achieve alone.!!

In a manuscript that was privately circulated in 1964, Pask outlined his vision
for the development of a cybernetic theatre.'” The project would be undertaken
jointly by the Theatre Workshop, directed by avant-garde theater director Joan Lit-
tlewood, and System Research Ltd., Pask’s independent research company. The pro-
posal was never implemented for lack of funding but it embeds ideas of interaction
and communication fundamental for later developments in Pask’s work in art, ar-
chitecture, and conversation theory. Pask’s cybernetic theater also anticipated con-
temporary interactive narratives, interactive movies, and technologically mediated
interactive theater and performance.

In contrast to his colleagues Joan Littlewood and architect Cedric Price, who in-
tended to revolutionize theater through the design of novel architectural structures,
Pask’s proposal focused on new kinds of theatrical production that could be imple-
mented in traditional theater spaces. For Pask, the goal of cybernetic theater was
audience participation Allan Kaprow's happenings and John Cage’s musical per-
formances had already experimented with public participation in the creation works
of art but while Kaprow scripted his events for settings other than theaters, and
Cage’s work focused on sound, Pask remained faithful to the concept of theater (he
never called his proposed productions anything else). Pask’s vision deviated most
markedly from the practices of these other pioneers in his ideas of technological me-

[ 3

diation, audience control, and identification directly informed by cybernetics.
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For Pask, a dramatic presentation was a control system in which the actors at-
tempted to control the audience, individual members of the audience aimed to con-
trol characters with whom they identified, and, lastly, the actions of the actors
controlled the sequence of dramatic situations.'* He firmly believed that the inflex-
ibility of dialogue and plot in dramatic productions restricted the potential of the-
ater. In his opinion, dialogue primarily served a cueing function that determined the
organization of the dramatic presentation, but if the play could incorporate other
cueing procedures, the plot could become more flexible.!”

To achieve this end, he proposed to provide communication channels between
the actors and the audience. A cybernetic system could select or modify the form
of operators that change the system. In theatrical presentations, the operators were
the actors, thus in cybernetic theater it was crucial to deliver audience feedback to
them.!® Conversely, it was important to allow members of the audience “to choose
agents (with whom they are identified for a certain interval), to know the thinking
carried on by those agents in anticipation of the actions they will perform, and to
express their preferences in order to determine or influence the chosen action.” Writ-
ing a play, he predicted, “may come to involve writing a programme akin to a com-
puter programme and writing the ‘thoughts™ of the characters involved over and
above the construction of dialogue.”!’

An inexpensive communication system designed by Pask would enable commu-
nication between actors and audience. Each member of the audience would be pro-
vided with a pair of buttons to convey her personal identification with a specific
character at various points in the play.!® An “Identification Memory” would retain
an image of the identification achieved by the audience at the last identification
point.'” For the system to work efficiently, the number of characters in the play
should be restricted to a maximum of four.

In order for an audience member to control her selected character, she should be
provided with “metainformation’” entailing the thoughts of the character. This in-
formation would be delivered via headphones or earpieces used for translation. A
device designated as “Identification Memory Output Selector” would connect the
various members of the audience identified with a specific character to a source of
metainformation about the character’'s thoughts. The audience would then be able
to express preference for one or another possibility of action anticipated by the meta-
information they received through hand levers or rating buttons. The preferences
of the audience could be separated according to character identification by the
“Identification Memory Input Selector” and registered in a short-term ““Preference
Memory.”?? Pask’s diagrams included in the proposal indicated that these various
devices would be located on stage.”!

In Pask’s proposed system, the sources of metainformation could be humans

(but not necessarily) in possession of a metainformation script constructed through
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rehearsing with the actors. Consequently, these agents could interpret the possible
attitudes of the actors in response to each situation in the plot.2? At specific points
in the play, the dialogue among actors should be sufficiently unimportant to allow
them to receive metainformation.”” The play could end in various ways and it would

also be possible to return to previous parts of the program and restart the plot from
that point onwards.”"

Pask envisioned an initial experimental system to accommodate an invited audi-
ence of fifty to one hundred people, later to be expanded to an audience of five hun-
dred to seven hundred and fifty people. The equipment for the system consisted of
relay circuitry for both the onstage memory and the identification memory located
partially on the audience’s response boards. In addition, a pair of wires would be
required for each member of the audience, one to sense identification and the other
action preference. The wiring would all be “low voltage, low current and (in the case
of auditory metainformation channels) low impedance.”?®> Although Pask recog-
nized that a great number of wires would be needed, especially for a large audience,
he foresaw no great dithculties or expense in the implementation of his plan.

In summary, Pask conceived his cybernetic theater as a system that would de-
velop in collaboration with the audience. Communication involving cycles of input
and feedback between machines and humans was central to the development of the
project. As did many of his proposals, Pask’s cybernetic theater remained on paper.
It was too early for its time. Some of his ideas would be implemented nearly half
a century later. Audience participation in narrative development would be central
to interactive cinematic works such as Graham Weinbren's Sonata (1990), in which
audience selection determines the direction and ending of the cinematic narrative,
and recent interactive theater such as Terminal Time (1999) by Michael Mateas,
Paul Vanouse, and Steth Domike, and Fagade, by Michael Mateas and Andrew Stern
(2005).

Jason Freeman's G/limmer, a musical composition for chamber orchestra and audi-
ence that premiered in New York in January 2005, realized some of the aims of
Pask’s cybernetic theater, although a direct connection between the two cannot be
drawn. Each member of the audience was given a plastic glimmer stick. The audi-
ence was divided into several sections of alternating blue or red lights and were
asked to turn the lights on and off and wave the sticks in patterns. Video cameras
in the hall read the images and transmitted signals to the musicians on stage telling
them when and what to play. According to Freeman, the lights responded most
inventively to the most interesting light patterns. Thus, in a style reminiscent of
Pask’s proposals for a cybernetic theater, the piece aimed to break down the barriers
between the audience, the conductor, and the musicians using technologically medi-
ated communication. Differences between the way the public and the critics re-
sponded to the piece may give us an idea of the tensions that Pask’s cybernetic
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theater may have elicited. G/immer empowered the audience but baffled music crit-
ics. A reviewer concluded: “The problem was, the light show was infinitely more
interesting than the music. Still, the audience seemed elated by the experience,
which just goes to show that despite New Yorkers™ reputation as hard-hearted

urbanites, it doesn’t take much to make them happy.”2¢

In his best-known artwork, The Colloguy of Mobiles (figure 5.1, figure 5.2), exhib-
ited in Cybernetic Serendipity, Pask incorporated important aspects his own theories,
which he later expanded to include architecture and city planning.

Colloguy may be discussed as a contribution to art, cybernetics, engineering,
simulation, sociology, and artificial life. Intended to be primarily playful and hu-
morous, the piece incorporated theories of self-organizing systems, communication,
learning, and evolution that Pask had developed for over a decade. The Colloguy
anticipated contemporary interactive installations and artificial life art by stressing
self-organization, interaction, and cooperation among individual agents. It also
shared a limitation of some contemporary artificial life narratives in the elaboration
of strongly gendered roles and explanations for the behavior of the agents.?’

Pask described The Colloguy of Mobiles as a socially oriented, reactive and adaptive
environment in which entities communicated with each other and learned about one
another even in the absence of a human being.?® The work consisted of five large
mobiles suspended from a structure of metal bars that allowed them rotational and
horizontal displacement. Two of the mobiles were designated male and three desig-
nated female. The males had rectangular bodies made of aluminum and the females
appeared as bulbous shapes fabricated from fiberglass.

In this piece, Pask radically transformed the contemporary notion of a mobile
as an arrangement of two-dimensional forms set in motion by air movement. The
mobiles in Colloguy were tri-dimensional sculptures powered by motors, individually
programmed and also partly computer-driven. Thus they were more alike to a group
of autonomous robots than to the quintessential Calder mobile.

Pask provided each sculpture with a hierarchical set of goals, which allowed mul-
tiple levels of communication in the system.?” In order to achieve their objectives,
the mobiles had to learn to communicate, cooperate, and compete with one another.
Humans could enter the environment, interact with and possibly alter the mode
of communication of the sculptures, but ultimately they were inessential to the
dynamics of the group.’® The principal goal of each mobile was to satisfy its drives.

Each male had two drives, O and P. These letters stood for the colors orange and
puce, each associated with a light beam representing one drive. To reduce either
drive, the male was required to project the designated light beam from a specific
part of his body to another. This necessitated the cooperation of a female, who, un-

like the males, had a vertical positionable reflector, which could take the beam from
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Figure 5.1 The Collogquy of Mobiles at the Cybernetic Serendipity exhibition, Institute of Contem-
porary Arts, London, 1968.

“Aesthetically Potent Environments”

59



L

T

Figure 5.2 The Colloguy of Mobiles at the Cybernetic Serendipity exhibition, Institute of Contem-
porary Arts, London, 1968.

the male and reflect it back to the required body part.”! Females were also equipped
with the drives O and P, which they must satisty. Depending on the state of her
drives, a female could be receptive to males offering cooperation. In order to engage
with the females, males had to compete with each other. For instance, they could
block each other’s intermittent directional visual signals identitying them as males
attempting to satisty a given drive.

Pask’s description of an encounter between Male I looking for O satistaction and
a female is worth quoting in full as it illustrates the bio-mimetic character of the

mobiles’ behaviors:
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Male I sends out an intermittent directional visual signal which serves to identify it as “male
I and its desire as “O satisfaction.” . .. Should the directional signal fall on the receptor of a
female who is trying to cooperate, she produces an identifying sound in synchrony with the
intermittent light signal. Male I detects the correlation between the female and his light sig-
nal and stops his morion (unless he is prevented from doing so by male II). At this point he
triggers off an autonomous energetic event which consists in shining an intense orange light
for at least a minimum interval in the direction of the located female. The immediate result is
an increase of the O drive. However, male I anticipates reinforcement (which he will achieve
if the female behaves appropriately and if the moving part, C, is appropriately positioned
during at least some of this behaviour). Reinforcement, which substantially reduces the
O drive, is obrained if the O goal is satisfied; that is if orange light falls on receptor C. Sup-
posing reinforcement occurs, male I emits an identifying sound signal which is received by
the cooperating female; the autonomous energetic event is prolonged and the O drive is
decreased.

The cooperative encounter terminates after a short time if reinforcement does not occur, or
if it is externally disrupted. Otherwise it continues until the drive state of male I is modified
so that he aims for a different goal.??

Pask stressed that the mobiles’ ability to satisty their drives depended on previous
experience. The females, for example, had to learn how to position their vertical
reflectors. But the system induced them to learn different strategies as not all males
demanded stimulation of the same body part. Pask explained: “some may like O
light on D and P light on C. She can learn that trick also.”?’

The Colloguy of Mobiles met some of the requirements for self-organizing systems
that Pask had identified ten years earlier. In his opinion, self-organizing systems
were ‘systems that we regard as though they have elements in them that make
decisions.””** This definition anticipated contemporary notions of emergence or the
development of organized complex systems.”> For Pask, a self-organizing system
depended on the ability of the viewer to make sense of it; that is, “to make use” of
it. This demanded both some degree of self-identification of the observer with the
system as well as the presence of a common “language” between the two.>° Reward,
competition, and cooperation were also vital to the structure and development of
a self-organizing system. Pask constructed an abstract model of a self-organizing
system consisting of an indefinitely large but finite set of points or elements, which
he conceived not as basic elementary particles but as “unitary elements, automata,
players, decision makers, ‘neurons’ or the like.”?” He posited that some sort of
currency, energy, or food must be available in the system to allow for signalling
or communication among diverse elements to occur. A reward, he explained, "is
something that allows a system to exist and to survive, as a distribution of currency
which the system, if it exists, will spend, constructing more pieces of the system

in the process. If the system does not exist...it allows the system to come into

11_'.;;{.;

being.
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Because a self-organizing system is always evolving, its structure is inseparable
from its behavior. Pask argued that rewards and the kinds of games that entities
within the system played, whether competitive, collaborative, or both, contributed
to form the structure of the system.’” He posited that some games assigned specific
elements in the universe to behave as individual players. Others required fixed co-
alitions, always involving the same set of players; yet others allowed the formation of
“functional coalitions™ that performed specific functions. Functional coalitions were
made up of different entities on different occasions: they lacked a fixed location and
moved around the system. “When this picture appears,” proposed Pask, “we are
looking at a self-organizing system.”4? Pask’s theory of self-organizing systems did
not isolate organic from artificial systems. A self-organizing system could serve as a
currency converter to any other physically compatible system identified by the same
criteria, and thus it could contribute to its evolution and development.?!

The Colloguy of Mobiles met several of Pask’s requirements for a self-organizing
system but, at least in its original form, it lacked the ability to expand by construct-
ing more pieces of itself. The entities communicated with a language of visual and
auditory signs and appeared to make decisions. The similarity of the activities of
the mobiles to sexual behavior hardly needs elaboration. Thus the piece encouraged
identification from human observers. The energy or currency in the system was
manifested in the building up and satisfaction of each mobile’s drives. Individual
“programs” compelled each entity to communicate with others and allowed for col-
laboration and competition.*? Each mobile was rewarded for successful collaboration
with the satisfaction of its drives. Yet this distribution of energy in Colloguy tailed to
stimulate the system’s growth. Only in interaction with humans could the system
expand.

In an abstract model of evolution, which Pask elaborated in 1961, he distin-
guished between two classes of automata: “The first class ... are things which are
able to make decisions, moves, signals, or whatever. They do so on the basis of
accumulating evidence about the activities of other automata and possibly about
conditions in their environment engendered by other than the activities of their
fellows. . .. the other class ... when presented with this same dilemma (an undecid-
able situation), either evolves or dies. If it has enough substance it evolves; if it does
not, it has had it!”*3 In my view, Colloguy belonged to the first class.

The Colloguy of Mobiles was a material implementation of a complex theory of ar-
tificial organisms and self-organizing systems, which predated the advent of artificial
lite. Colloguy also illustrated the qualities of an aesthetic potent environment as
it provided variety and surprise while encouraging interaction from the viewer at
embodied and symbolic levels. Pask’s mobiles were machines that could “learn”

and communicate with each other and potentially with humans (if they learned the
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mobile’s visual language, that is, using a mirror or a flash light)." This was a sig-
nificant innovation. Colloguy’s reactive and emergent qualities anticipated later
developments in digital art, such as Myron Krueger's concept of “‘responsive envi-
ronments” from the early 1970s, and more recent examples of artificial life art
including Ken Rinaldo’s Axroposesis (2000), and Christa Sommerer and Laurent
Mignonneau's A-Volre (1994).

Pask applied to architecture the same theories that he had incorporated in
Colloguy. He maintained that cybernetics and architecture were intimately related

as the two fields shared notions of control, communication, and systems. In his opin-
1on, architects were primarily systems designers.*> Yet the theory of architecture was
concerned primarily with taxonomies of building types and construction methods
and with prescribing design procedures. He proposed to bring all of these “sub-
theories” under the general rubric of cybernetics.?®

Pask understood buildings and cities as systems that grew, developed, and
evolved. Anticipating contemporary notions of evolution and emergence in architec-
tural design he wrote: "An immediate practical consequence of the evolutionary
point of view is that architectural designs should have rules for evolution built into
them if their growth is to be healthy rather than cancerous. In other words, a respon-
sible architect must be concerned with evolutionary properties; he cannot just stand
back and observe evolution as something that happens to his structures.”*” Hence
architecture was a dynamic system very much like a live organism.

He contended that architects could apply evolutionary ideas from cybernetics to
buildings and urban environments, envision cities as self-organizing systems, and
employ cybernetics’ predictive potential to project, for example, a city’s formal and
social development. Cybernetics could also enhance architecture’s explanatory power
for designers could utilize intelligent computer programs that would learn aspects of
architectural design from architects and help them teach.*® This recommendation
was consistent with Pask’s continuing interest in conversation theory and teaching
machines.*?

In order to design more cybernetically oriented architecture, Pask proposed to re-
direct the concept of functionalism (form follows function) toward more humanistic
ends. For him, buildings were only meaningtul as interactive human environments.
After all, he argued, an architect defined a building’s functions to serve human
users.’? But in addition to serving, architecture regulated the behavior of its users
and ultimately made sense only as part of larger systems, which included but were
not restricted to human components. It was these larger systems and “not just the
brick and mortar part” that architects designed.”! He named the interdependence
and constant communication of architecture, humans, and societies “architectural

mutualism.’>?
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In Pask’s opinion, the humanization of functionalism would result in the under-
standing of architecture as an art of cooperation between humans, buildings, and
technology. He explained:

The high point of functionalism is the concept of a house as a ‘machine for living in" (Le
Corbusier). But the bias is towards a machine that acts as a tool for serving the inhabitant.
This notion will, I believe, be refined into the concept of an environment with which the in-
habitant cooperates 77 which he can externalize his mental processes, i.e. mutualism will be
emphasized as compared with mere functionalism. For example, the machine for living in
will relieve the inhabitant of the need to store information in memory and the need to per-
form calculations as well as helping out with more obvious chores like garbage disposal and
washing up dishes. Further, it will elicit his interest as simply answering his enquiries.’?

Pask’s architectural mutualism was inseparable from his formulation of aestheti-
cally potent architectural environments. He believed that because “man” communi-
cated with his environment, architecture should be designed to foster pleasurable
dialogues. According to him, elements of communication were not only linguistic
but visual, aural, and tactile. Aesthetically potent environments should be designed
to satisty the symbolic needs of the users by incorporating feedback, variety, and
surprise.’?

For Pask, Antonio Gaudi’s Parc Guell was an exemplary mutualistic design, but
he suggested that architecture’s dialogue with humans could be further enhanced
with the use of modern materials and techniques, including sensor- and computer-
activated surfaces.”> In sum, Pask’s notion of mutualism required that the architect
design dynamic rather than static entities. But in contrast to contemporary theories
of art and architecture, his dynamism depended primarily on neither the behavior of

56 Rather, he understood the term

users nor the dynamic potential of organic forms.
to mean active cooperation between buildings, their components, and their occu-
pants, a formulation that anticipates today’s “smart house,” and ubiquitous comput-
ing, but removes them from functionalist instrumentality by endowing them with
affective qualities.

Constructing evolutionary mutualistic environments demanded that the designer
relinquish the illusion of total control of the design process. The architect’s role as
controller of the system was to provide a set of constraints or guidelines to allow for
specific forms of evolution without overdetermining the goals. The guidelines in-
cluded selection of basic materials, specifications for what the system would learn,
how it would adapt, and a desired plan for its development.’’

In coherence with cybernetics, mutualistic architecture and evolutionary city
planning were inherently interdisciplinary. Pask foresaw not only the intensification

of computer-aided architectural design but also the greater role that sociology, psy-
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chology, ecology, economics, and computer programming would play in architec-
ture and planning. We are witnessing his predictions today. An affective view of do-
mestic environments and components such as appliances is an emerging and
exciting avenue of research among designers.”® Ideas compatible with Pask’s archi-
tectural murtualism are current in interactive architectural projects stressing the
communication of buildings with users and with their environment. Blinkenlights
(2001-2002) and Arcade (2003) by Chaos Computer Club, both in Berlin, and the
BIX facade of the Kunsthaus in Graz, Austria, by Realities United are three among
many examples.

The Fun Palace designed by Cedric Price in collaboration with Joan Littlewood
and multiple other associates between 1961 and 1964 exemplified Pask’s (later)
ideas of murualistic design. As director of the Cybernetics Committee for the Fun
Palace Project, Pask played an influential advisory role. In an undated document
written and signed by Pask (1961-1964) entitled “Fun Palace Project,” he outlined
the objectives and theory underlying the proposal. In accord with his own com-
mitment to interdisciplinarity, twenty-eight individuals, including architects, engi-
neers, artists, systems designers, sociologists, psychologists, and civil servants
constituted the Cybernetics Committee.

The Fun Palace was envisioned as an experimental and adaptive structure that
could be modified to accommodate various kinds of entertainment activities. With
no permanent walls or ceiling, the building must “be able to perform experiments
by way of parametric adjustments (in pursuit of a given goal) and re-arrangement of
the structure of partial goals assigned to particular subsystems.”? Pask specified
that in the context of the Fun Palace, entertainment entailed feedback and participa-
tion from the audience, “indeed, the feedback concerned must resemble the concept-
producing discourse of a conversation rather than the arid exchange of the more

60 Cybernetics

familiar education channels encountered in communication systems.
was fundamental to the project at various levels including the relation of the palace
with its environment, the mechanical and architectural considerations, and specific
activities, communication, information systems, and educational devices available to
the visitor.

Pask’s description of cybernetic systems for the Fun Palace assimilated his
thoughts on cybernetic theater as well aspects of Muszcolour. He argued, for example,
in favor of an audience-controlled drama and for audience-produced and controlled
visual spectacles.®! Also included in his proposal were automatic learning devices,
cooperative systems that would help visitors without musical training to compose
and perform music. He explained, “A system like this is cooperative in the sense
that it must contain some computing mechanism that partially solves the technical

problem posed by the music on behalf of the participant subject. It is also adaptive
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since initially cooperative assistance may limit the subject’s capabilities since he has
overcome all the technical preliminaries. Hence the system is in a sense instruc-

tive.”’®? Such a system would have been inspired both by Musicolonr and his adaptive
teaching machines.

As in the later Collogny of Mobiles, Pask’s proposal tor the Fun Palace drew on his
theories of self-organizing systems and artificial organisms. Pask wrote: “To what
extent can the Fun Palace organization be contrived as a self-organizing system
wherein a set of facilities will develop in a fashion that is inherently regulated. (sic)
To the extent that the Fun Palace organization be persuaded to evolve in such a fash-
ion it may be deemed successful.”®> As in his later proposals for mutualistic archi-
tecture, in the Fun Palace his own role as well as the architect’s was to provide an
agenda for the project, which he referred to as a “genetic code.” Ultimately, he pro-
posed that the Cybernetics Committee itself should develop as a self-organizing
organism, ‘‘the genetic code of the agenda is provided to initiate the evolutionary
process and the constraints are not severe enough to inhibit it altogether.”®* Thus
Pask’s proposal for the Fun Palace summarized previous theories and experimental
work that he would later expand in Collogny and in - his proposals for mutualistic
architecture.

In conclusion, Pask was among a select group of individuals who introduced
cybernetic concepts to the world of cultural practice. Artists in this group included
Nicolas Schoffer, Edward Ihnatowicz, Jack Burnham, and Roy Ascott. Unlike
them, Pask also contributed to the development of the field of cybernetics in theory
and in practice. Although not all of Pask’s contributions to digital art were explic-
itly works of art (he is uniquely identified as a cybernetician and as an arts practi-
tioner), the prescience of his theories and artifacts established him as a pioneer in

the field.
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In the Beginning ...

Jasia Reichardt

Of all the twentieth-century art movements, two directions that came to the fore
during the 1960s were distinct from anything that had gone before. Each included
international exponents from the very beginning and both hovered on the border-
lines of the art world without ever reaching its center. The first was concrete poetry,
and the second computer art. Neither had a Picasso at its head, but both were new,
experimental, and involved practitioners from different professions. There were
many artists among them, but they were not in the majority.

The foundation of these two developments was experiment. The other premise
underlying both was a crossing of cultures. Neither was close to the mainstream of
the time. The art world was concerned with neither visual poetry nor computer art.
There was little interest in works more technically sophisticated than those belong-
ing to the kinetic movement. A further complication provoked by these two move-
ments was that, at the time, it was difhcule for art critics, art historians, and those
writing guides, dictionaries, and manuals, to define who was and who was not a
bona fide artist. An engineer, like Edward Thnatowicz, who produced some of the
most inspiring cybernetic sculptures during the 1960s, did not call himself “artist”
because he wasn't sure if he belonged to this select group, nor was anyone else sure.
He wasn't the only artist working with technology whose credentials were sur-
rounded by question marks and innuendo. When it came to computer-generated
pictures, everyone tried to avoid the word “art.” The term “computer graphics,”
coined by William Fetter, became a standard description for a time, and it was dif-
ficult to know whether it could be used in the singular as well as plural. Lost in the

maze of these verbal uncertainties, I opted for the word “art” and stood by it as

firmly as possible.



Both computer art and concrete poetry belonged to art’s outer periphery. They
were treated as separate categories by art critics, art colleges, and galleries. To some
extent they still are, largely because there is not sufficient historical background to
suggest how we should think about them. There were no galleries that dealt with
either concrete poetry or computer-generated art specifically, although Howard

Wise pioneered showing computer-generated pictures by Bela Julesz and Michael
Noll in his New York gallery as early as 1965. There are still no specialist galleries
in either subject.

There were several other ways in which concrete poetry and computer art stood
apart from art at large. One of these involved scale. Scale had lost its importance. A
concrete poem could be blown up or reduced to any size without losing its intended
essence and this was mainly true of computer-generated pictures. Furthermore, in
most cases, there was no “original.” Theoretically, there might be any number of
iterations. In computer graphics, the original was the program; in concrete poetry
the original was the idea.

Classification of the origins of a work of art was also important. Was it or was it
not made with the aid of a machine? Was it done by hand? Was there a fingerprint?
Many of the images from a computer might also have been made laboriously by
hand. This is true of all the morphed pictures by the Computer Technique Group
that were at the center of Cybernetic Serendipity, as it is of much of the work of painter
Chuck Csuri. What does belong uniquely to the realm of computer art is the type of
image that demonstrates some form of random distribution, where the result is not
foreseeable. In these, the artist does not ultimately control what the image looks
like. These were some of the topics that were discussed during the mid-1960s at
the Institute of Contemporary Arts (ICA). There were others.

Aesthetic Measure

Some of the ideas that preoccupied those making pictures with computers at that
ttme will appear outdated today. The creators were concerned with writing pro-
grams to generate aesthetic products. Beauty was not a measure of art’s signifi-
cance or purpose. Other aspects became relevant, some of which had nothing to do
with visual appearance. For this reason alone, works produced by a machine in the
twenty-first century cannot be judged in the same way as those of the 1960s. Until
the mid-1960s, George Birkhoff’s “aesthetic measure” was used to help qualify art
works that were untested by other means, and especially if they were made in the
constructivist idiom. The aesthetic measure was defined as a ratio between order and
complexity, and those works deemed to be most satistactory had a proportionately
highest degree of symmetry to the number of angles, curves, or irregular forms flow-

ing from one to another. Birkhoff analyzed paintings, pots, and random patterns.
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His system was referred to as a computational aesthetic but although it had influ-
enced the thinking of theoreticians and psychologists, it had little bearing on how
computer graphics were made or on how they were received. However, Birkhoff’s
theory was elaborated in Max Bense's aesthetic analysis, which became relevant to
many of those working with computer graphics. This analysis could be applied to
any text or any group of elements in any arrangement, since it referred to signs (se-
miotic elements) that are in a relationship to one another (topological distribution),
that appear with a certain frequency (statistical occurrence), and that carry a mean-
ing (information). Bense was also the author of what became known as generative
aesthetics, and developed theories underlying computer-generated art. His ideas
provided the core of theory for what became known as the Stuttgart Group, whose
first exhibition of computer pictures was held at Technische Hochschule in 1965.
Two computer artists, Georg Nees and Frieder Nake, became the Group’s the
best-known exponents. Talking about his computer graphics, Nees insisted that
they were not works of art but models for works of art. They belonged to the domain
of aesthetics, but to a different category than that of art that requires a human im-
perative. Even so, direct human intervention involved all sorts of decisions from the
construction of the image to thickness of line, color, and the method of pattern
building. Another issue relevant to computer art was the ratio between originality
and familiarity. If the quotient of originality is too high in a work of art, nobody
will recognize the work as art. If it is too obvious, it is likely to be considered trite.
Art may have been losing its boundaries, but not its prejudices.

Computer as Catalyst

During the 1960s there were several new significant initiatives in the interrelation-
ship of art and technology, but technological art emerged from two very clearly rec-
ognizable and separate streams. The first involved artists who came out of kinetic
art, whose art used basic technology: electricity, motors, timers, remote control sys-
tems, batteries, gears, lighting, and now used feedback systems, random number
generators, and computers. In this stream were artists who were either engineers
themselves or had acquired sophisticated technical skills. Later, many of the works
came about through collaborations between artists and engineers, but some of the
best work then and since has been made by artists who have mastered the technol-
ogy. Among artists who made cybernetic works at the time were Wen Ying Tsai,
John Lifton, Edward Thnatowicz, Nicolas Schoffer, James Seawright, Nam Jun Paik,
Bruce Lacey, Gordon Pask, Peter Zinovieff, and Gustav Metzger.

The second stream involved scientists, engineers, and technicians who had access
to computers, and started making images that evolved out of their work. The pur-

pose of their work had nothing to do with art. The computer graphics revolution
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happened because the work was recognized by people in different countries as
appearing to belong to the same category as art. A good example 1s William Fetter’s
work for the Boeing Corporation. His images of simulated landings on the runway
were used to study the possible movements of the pilot in the cockpit; they came to
be looked at in the same way as any images on a wall in an art exhibition.

Other early computer graphics were often essentially random patterns arrived at
in scientific laboratories by chance. Their pictorial interest and aesthetic appearance
perhaps encouraged people to keep them. Soon, there were several initiatives afoot
that led the launching of computer art projects in Europe, America, and Japan.

Where Did It All Begin?

The first twentieth century movement to significantly aim to marry technology, re-
search, function, and aesthetics was the Bauhaus. The influence of its teaching can-
not be overestimated. It touched all of the arts. Revived during the 1950s under the
directorship of Max Bill, the Hochschule fiir Gestltung in Ulm continued to pro-
mote the idea of social and cultural synthesis. Groupe de Recherche d’Art Visuel
in Paris, Max Bense’s Stuttgart Group, and the Nowvelles Tendences exhibitions and
symposia in Zagreb all led to the infusion of computer-generated material into the
realm of the arts. In America, two organizations pioneered the development of the
art and technology movement: the Center for Advanced Visual Studies at Massachu-
setts Institute of Technology, a direct descendant of the Bauhaus, had Gyorgy Kepes
at its head; and Experiments in Art and Technology, a collaborative venture under

the principal guidance of Billy Kliiver.
CAVS

The Center for Advanced Visual Studies was proposed by Gyorgy Kepes in 1964
and opened in 1968 in Cambridge, Massachusetts, in a building that until then
was the MIT students’ co-op. Artists who became fellows of the center could work
on any projects they wished, drawing on the expertise of scientists and engineers at
MIT for help and advice. The purpose of CAVS was to create a community in which
the humanities and sciences could cohabit to mutual advantage, under the aegis of
the MIT Department of Architecture. Kepes said, “Artists have the job of defining
our inner world, scientists discover, define and elucidate the outer world of nature’;
the Center was the result of his faith that artists, scientists, engineers, and scholars
shared the same values and aims. Among the first fellows were Takis, who was
working with magnets at the time; Otto Piene, member of the Zero Group; Harold
Tovish, optical sculptor; and Jack Burnham, light and kinetic artist. Otto Piene,
himself later director of CAVS, referred to it as a “shared utopia.” CAVS started
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with six fellows but by the 1990s there were as many two hundred fellows per year
working within its precincts. During thirty years of CAVS history, technology grad-
ually became the direct means of making works of art, and the number of fellows
increased every year. Perhaps as many as a third of the artists who worked with tech-
nology passed through the Center’s portals or participated in its activities.

EAT

Experiments in Art and Technology, or EAT for short, was founded in 1966 “to
make it possible for artists and engineers to work effectively together with industrial
sponsorship.” The work should not be “the preconception of the engineer, the artist,
or industry, burt a result of the exploration of human interaction between these three
areas.” The rask of the engineer was to be the broker between the artist and the in-
dustry, translator of the artist’s ideas into physical possibility, and midwife, bring-
ing the work of art into the world. The initiative for a structured collaboration
between artists and engineers came out of 9 Evenings of Theatre and Engineering, an .
event devised by Billy Kliiver and Robert Rauschenberg that took place October
13—-23, 1966, in the Armory of the 69th Regiment in New York. The performances
involved ten artists, musicians, and dancers; thirty engineers; and an audience of ten
thousand. Billy Kliiver later referred to it as “a classic event.” John Cage was the
star of the proceedings; Rauschenberg was its inspiration. Rauschenberg’s game of
tennis-controlled lights came to an end when the hall was in complete darkness,
only to be flooded with infrared to reveal a crowd of several hundred. Among the
artists were Lucinda Childs, Oyvind Fahlstrom, Alex Hay, Deborah Hay, dancer
Stephen Paxton, painter/filmmaker Robert Whitman, and dancer Yvonne Rainer.
Not everything worked; not every member of the audience stayed the course, but a
precedent was set.

Within a year, EAT had a membership; a board of directors that included Buck-
minster Fuller and Gyorgy Kepes; Billy Kliiver was president; Rauschenberg was
vice president and later chairman. There were also agents, whose task was to repre-
sent EAT to industry and to use the influence of their position on its behalt. Among
them were Alfred H. Barr, John Cage, Pontus Hulten, and John R. Pierce, executive
director of Bell Telephone Laboratories. By 1969, there were four categories of
membership and a full program of lectures, discussions, performances, and demon-
strations. There were open houses on weekends.

The activities of EAT were documented in EAT News, published approximately
twice a year. There were local groups and international groups, competitions, collab-
orations with museums, and, not least, the construction of the Pepsi Pavilion at the
1970 World Fair in Osaka. EAT was a heroic venture. It aimed at social change

and at broadening cultural exchange with the artist as the catalyst and focus of
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the enterprise. At a press conference, John R. Pierce proclaimed that man cannot
live without art and that art cannot safely ignore or reject such a powerful force as
technology, source of the material well-being of our age. He also said that “artists
must learn to use the possible, and technologists must reach out for the impossible.”
Kliiver, meanwhile, talked about the elimination of “the distinction between work
and leisure.”

Among projects proposed by artists were: the creation of an air wall; solid clouds;
infrared television; time compression and extension; mylar mirrors; alteration of
heartbeat frequency; writing on walls with laser beams; color change under pressure;
home TV projection systems; snowfall that doesn’t fall; and the possibility of the
artists themselves flying or floating suspended in the air. The latter was proposed
on several occasions, by several artists including Robert Rauschenberg, Alex Hay,
and Oyvind Fahlstrom. (That particular dream, however, was only realized some
forty years later, in 2000, when another collaborative organization dealing with art
and science, the Arts Catalyst, presented their event, “Altered States of Gravity.” On
that occasion, it was Kitsou Dubois and her dancers who demonstrated a gravity-free
experience at the Gagarin Cosmonaut Training Center in Russia.)

If EAT faded out, it was through a natural process of decline, precipitated by
developments in technology itselt. Some technologies became easy enough for artists
to use without much technical support. Some artists made demands that could not
be met. Some of the engineers wanted to be artists. EAT belonged to a decade when
such ambitions could be fired by the enthusiasm of one man.

Cybernetic Serendipity

Cybernetic Sevendipity was the first of five exhibitions and celebrations of the computer
and the arts in the second half of 1968. The second was Computer and Visual Research
in Zagreb. The third was The Machine, as seen at the end of the mechanical age, at the
Museum of Modern Art in New York, organized by Pontus Hulten, which antici-
pated the traditional machine being replaced by computer science. The fourth,
opening simultaneously with The Machine, was Some More Beginnings, a collaboration
between EAT, the Brooklyn Museum, and the Museum of Modern Art. Meanwhile,
September had also marked the launch of the Computer Arts Society. Its stated aims
were ‘to promote the creative use of computers in the arts, and to encourage the
interchange of information in this area.” It started with eight members. The Sociery
was formally launched with an exhibition called Event One, held the following year at
the Royal College of Art. Looking back on these events it seems extraordinary that
they all happened within five months.

Computer art came out of the explorations of scientists and artists, and the ideas

promoted by philosophers and theoreticians. Max Bense, whose work I have de-
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scribed in brief, was one of the most significant theoreticians in the field during the
1960s. He was adept at crossing borders from philosophy to cybernetics, aesthetics
to concrete poetry, physics to the theories of chance and the hitherto hidden proper-
ties of words. He came to London in 1965 to see an exhibition of concrete poetry
that I had organized at the ICA. It was called Between Poetry and Painting. 1 had the
pleasure of meeting him several times. One day, he asked what plans I had for the
future. I had no plans. “Look into computers,” he said. And so I did, and three years
later Cybernetic Serendipity was the result.

Now TI'll tell you a few things about how it became possible to stage such an ex-
hibition in 1968. When I started work on Cybernetic Serendipity (and of course the
exhibition did not have that title at the beginning), the ICA gallery was on the first
foor at 17 Dover Street in central London. We were short of staff, money, and space.
Bur the ICA was well connected through its president, Sir Herbert Read, and its
chairman, Sir Roland Penrose. The Institute of Contemporary Arts had only one
committee, the Management Committee, which included an architect, a composer,
an art critic, and a publisher, as well as the head of the Arts Council. If an idea
appealed to them, it would be passed. The idea of the relationship between the com-
puter and the arts interested them, so preparations for the exhibition went ahead.
Gradually more and more people became involved: scientists, journalists, univer-
sities, societies, IBM; as the project acquired momentum, the Arts Council provided
some funds.

In January 1968 the ICA started its move to the new premises on Carlton House
Terrace. The gallery then occupied the entire premises. There was also a lecture hall-
cum-cinema. Several years later, the gallery was divided into small areas, but at the
time of Cybernetic Serendipity it was a spectacular space (igure 6.1).

The exhibition opened August 2 and closed October 20. Max Bense came to open
it. Anthony Wedgwood Benn, then the Minister for Technology, presided over the

official opening. The description of the exhibition went as follows:

The idea behind this venture. . .is to show creative forms engendered by technology ... to
present an area of activity that manifests artists’ involvement with science, and the scientists’
involvement with the arts; . ..to show the links between the random systems employed by
artists, composers and poets, and those involved in the use of cybernetic devices.

The exhibition is divided into three sections . . . :

1. Computer-generated graphics, computer-animated films, computer composed and
played music, and computer verse and texts (figure 6.2).

2. Cybernetic devices as works of art, cybernetic environments, remote control robots, and
painting machines.

3. Machines demonstrating the uses of computers and an environment dealing with the

history of cybernetics.’
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Figure 6.1 View of Cybernetic Serendipity.

Some 350 people were involved in making the exhibition possible; 700 press
invitations were sent out, and 3,000 people attended the private views. I regret
that there are no recordings of the lectures that were given twice a week between
August 8 and October 17. Among the speakers were: Frank J. Malina, Herbert
Brun, Everett Ellin, Christopher Evans, Rex Malik, Meredith Thring, Gordon Pask,
lannis Xenakis, Abraham Moles, Lionel Penrose, and Robin McKinnon-Wood.
There were others too; one person who was of special importance to the exhibition
was Christopher Evans of the National Physical Laboratory, because it was during
our conversations that we found the title: Cybernetic Sevendipity. It was approved by
Roland Penrose only after some considerable persuasion because he felt that people
wouldn’t be able to pronounce it.

Several people were intimately involved with the project from the begin-
ning: technology adviser Mark Dowson, music adviser Peter Schmidt, and designer
Franciszka Themerson, who was assisted by five students from Bath Academy of
Art.

No heroic claims were made for the exhibition. At the time, computers had not
revolutionized music, art, or poetry in the same way that they had revolutionized
science. What was becoming apparent was that the computer was bringing in its

wake new people to become involved in making art and composing music. Those
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Figure 6.2 View of Cybernetic Serendipity.

who had never thoughrt of putting pencil to paper or brush to canvas started making
images. With the advent of computers the world of art expanded beyond its conven-
tional borderlines.

Organization of the exhibition was a cumulative process of gaining support
among scientists, at universities, and later inviting participation. A travel fellowship
in America enabled me to meet some of the contributors and to gather material.
Many people, including students, worked as volunteers and, once involved, did not
want to leave. Whatever broke down during the day was mended at night. I still
suspect that some people lived in the gallery. The exhibition was dense. Each work
performed, reacted to the visitors, or demonstrated an idea or principle. Everything
meant something; it told a story or produced a transformation, and explanations

were available. One of the works that drew a lot of attention was Peter Zinovieff's

music computer, which improvised on tunes whistled into a microphone by visitors.
Another was the Colloguy of Mobiles by Gordon Pask. Here five suspended objects,

each with a program to determine its behavior according to its “gender” (Pask
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designated three as male and three as female), were involved in an elaborate commu-
nication through sound, and flashing and reflecting lights. The audience could
watch this game of cooperation and competition and interact once it was able to
understand what was going on. Bruce Lacey had two remotely controlled robots:
ROSA (Radio Operated Simulated Actress) Bosom and Mate. ROSA followed visitors
around and, when possible, thrust her huge red lips in their faces. Nam Jun Paik’s
Robot K-456 walked about the exhibition distractedly and peed occasionally. SAM
(Sound Activated Mobile) by Edward Thnatowicz bent its flower-shaped ear to as if
to listen to those talking to it. SAM had to be addressed in a quiet voice. Shouting
produced no effect. Children became far more adept at talking to this sculpture than
adults did. However, shouting and clapping were the appropriate means of commu-
nicating with the sculpture of Wen Ying Tsai. Its vibrating metal rods appeared to
undulate when the sound of clapping altered the frequency of the strobe flash.

The level of noise and light was a problem. Some machines had to be kept in the
dark; others malfunctioned when there was too much noise; some had to be kept
apart to prevent them from interacting with each other. Apart from sculptures that
drew, painted, and responded with sounds and motion or translated sound into vi-
sual patterns, there were places of relative peace in the form of fiberglass spheres in
which one could listen to computer-composed and -played music. At regular inter-
vals, computer animations were shown in a seating area composed of cubes at the
end of the gallery. The exhibition created its own world; it was serious without
being solemn. Press reaction was positive throughout. The Evening Standard wrote:
“Where in London could you take a hippy, a computer programmer, a ten-year-old
schoolboy and guarantee that each would be perfectly happy for an hour without
you having to lift a finger to entertain them. From today, there is just one such
place—The Institute of Contemporary Arts.”

The day after the opening of Cybernetic Serendipity, another exhibition also aiming
to examine the possibilities offered by computers was launched in Zagreb. It was
called Computers and Visual Research. Apart from a handful of American contributors
whose work was also presented in London, most of the participants were from Eu-
rope. The exhibition dealt solely with computer-generated material, and there was
to be a prize for the best work. The jury, which included Umberto Eco, Karl Gerst-
ner, Vera Horvat-Pintaric, Boris Kelemen, and Martin Krampen, concluded wisely
that the work was too experimental for them to have the right sort of criteria for
issuing a sensible decision. They resorted to listing all the works that they found
interesting. Radoslav Putar, introducing the exhibition, made the point that pro-
cessing machines determine human behavior in an underhand way. He called it a
“secret revolution,” and the idea of the project was to bring the phenomenon into
the open and to examine it.
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And Now?

After the 1970s technological art left its clearly defined position. It became wide-
spread and diverse. The community dispersed. Whereas it was possible in 1968 to
gather most of the artists and engineers working with computers and cybernetic
devices and include them in an exhibition, Cybernetic Serendipity failed to include
everybody, although the intention was to do so. By the end of the 1980s it would
have been impossible.

Atter the 1980s use of computers in art became too commonplace to be remark-
able. One after another new technological art associations, biennales, colleges, and
groups, came into being. Among them, and apart from those mentioned above,
were ArtlLab, Tokyo; Artifices, Paris; ArtWare, Hanover; CAiiA in Newport; Ascent,
Edinburgh; IAMAS, Gifu prefecture; ISEA, Manchester; ZKM, Karlsruhe; Ars Elec-
tronica, Linz; Arslab, Turin; Ars Technica, Paris; Computer Museum, Boston; Ionist
Art Group, Wilcshire; Arrec, Nagoya; ISAST, Berkeley; InterCommunication Cen-
ter, Tokyo; SCIART, London; Tisea, Sydney; Museum of Computer Art, Brooklyn;
several digital art museums and computer art groups on the web; and SIGGRAPH.

With the advent of the Internet, computer art left the ground and took off into
that virtual space where everything is illusion. In one sense, it has lost its edge be-
cause we cannot separate it from everything else. It is now a language that is applied
to everything. According to usage, digital material has separate niches, just like our
language, of words and symbols that divide itself into some congenial groups of fic-
tion, or poetry, or fashion. Furthermore, we cannot say it is not art. We can only say
it is good, bad, or indifferent.

When it comes to three-dimensional works, there are still major challenges.
There is still no satisfactory way of maintaining a museum of sophisticated techno-
logical art that will guarantee its survival. At best, three-dimensional works will be
represented in broadcast form on a screen, unless holography comes to its aid. Per-
haps the very experience of cybernetic art machines could ultimately be embodied
in a chip and stored. The solutions to the problem of survival of the works will be

found in the technology itself.

Note

1. Jasia Reicharde, ed., Cybernetic Serendipity (London: Studio International, 1968), 5.
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Cvbernetic Serendipity Revisited

Brent MacGregor

A gallery full of tame wonders which look as if they’'ve come straight out of a science mu-
seum for the year 2000.

—Cybernetic Serendipity Exhibition Press Release, Tate Britain Archive (VA Pub 179).
Introduction

"I think we shall look back to it one day as a landmark,” wrote Nigel Gosling, a
tarsighted journalist, after attending the press viewing of the Cybernetic Serendipity
exhibition at London’s Institute of Contemporary Arts (ICA) in August 1968 (figure
s 1)

This observation was from a man who nevertheless found the exhibition “baf-
fling, not to say impenetrable.”! He was certainly right, as was Jasia Reichardt,
the exhibition organizer, in her predictions about how computers would come to
be covered childhood objects. Cybernetic Serendipity is almost legendary as a seminal
event in the intersecting histories of computing and art. It is seen today as a land-
mark event, of unambiguous historical importance to people in the field. Enter the
two magic words “cybernetic’” AND “serendipity” into an Internet search engine
and over four hundred pages of text result, including fascinated inquiries from
wide-eyed young enthusiasts not even born in 1968. Such a search reveals many
websites devoted to the work of major pioneering figures who took part in Cybernetic
Serendipity, some of them unfortunately no longer with us. All feature it proudly in
their list of achievements. Mention the two words in certain academic company and
distinguished professors of computer science will discourse almost endlessly, recall-
ing its impact on them as teenagers. Many such individuals even go so far as to say
that the exhibition was instrumental in their choosing to work with computers.



Figure 7.1 View of Cybernetic Serendipity.

Whether digital or analogue, online or on paper, whether systematically gathered or
anecdotally reported, there is clear evidence that Cybernetic Serendipity has had enor-
mous impact and a significant afterlife. Several attempts have been made to re-stage
the exhibition in its entirely or in part? and anniversary papers have already been
written.” This chapter is an attempt to undertake a systematic examination of the

legend and the facts behind it.
Historical Context

It is important to remember that this seminal event took place in 1968, a year after

the optimistic “summer of love,” and roughly the same time as the Soviet invasion
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of communist Czechoslovakia (now of course two separate democratic European na-
tions). There were riots in Chicago against the war in Vietnam and presidential can-
didate Senator Robert Kennedy was shot in a Los Angeles hotel.

Princess Margaret visited the exhibition accompanied by her husband Anthony
Armstrong Jones, Lord Snowdon. The British government Minister of Technology
at the time was the Right Honourable Anthony Wedgwood Benn. It was a time
when the idea of a compurter selling for the price of a small car with a megabyte of
memory® was a dream and when it took a state-of-the-art plotter sixteen hours to
print a monochrome picture of Norbert Wiener.>

Whatever the change from 1968 to today in price to performance ratio, many of
today’s uses of computers were already achieved or anticipated. Equally there were
some dead ends or perhaps stories that are not yet finished. What has happened to
the “cybernetic introspective pattern classifier,” which “allows people to watch their
own cerebral processes actually in action”?° Did computer generated “high-entropy
essays  have a life after 19687 How far have creative robotics come since Nam June
Paik’'s Robor K-456 (higure 7.2), “a female robot known for her disturbing and idio-
syncratic behavior”?%

Background

Jasia Reichardt was the assistant director of the Institute of Contemporary Arts in
London, when, as a result of organizing an exhibition on concrete poetry, she met
Max Bense of Stuttgart University. His inspired words to her in 1965 were “look
into computers.” Through various professional periodicals such as Data Systems and
Computers and Automation (and their annual computer art competition), she made
contact with Michael Noll of Bell Telephone Laboratories. The contact with Bense
in Europe and with Noll in America and with the Computer Technique Group 1in
Tokyo led her into new networks. The US State Department provided a travel grant
to support a research visit to New York where she made contact with Experiments
in Art and Technology (EAT). After a substantial period of research, the ICA held a
press conference in December of 1966, announcing the planned exhibition and com-
mencing the process of fundraising. Supported by the Rt. Hon. Anthony Wedg-
wood Benn, Minister for Technology, letters went out to over two hundred firms
seeking support. This eventually futile search for sponsors led to some of the tight-
fisted corporations being named and shamed at the exhibition press launch nearly
two years later.

Only IBM helped with significant contributions in-kind, in the form of models
illustrating the history of computing, without which the exhibition could have not

gone ahead. In all a sum of £20,000 was raised, with the Arts Council providing
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Figure 7.2 Nam June Paik, Robot K-456, 1964.

£5000. The scale of the project can be compared to the contemporary Matisse
exhibition at London’s Hayward Gallery which cost £60,000. This medium sized
budget meant the exhibition could afford to advertise at selected sites in the London

Underground but was hardly extravagant.
Data

Two substantial surviving archives were examined exhaustively. The original ICA
archive is now in the library of Tate Britain and a private archive of the event is
held by the original exhibition organizer, Jasia Reichardt. Both of these were inves-
tigated thoroughly, as were published sources. The material now in the Tate consists

mostly of papers from the ICA press office, including actual material used in the
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paste up of the exhibition book. This archive also includes press releases, other
printed ephemera from the time, and cuttings of the extensive press coverage in
the print media, ranging from Nature to Practical Electronics to Vogue. The thirty-
two pages of press cuttings preserved in a scrapbook include newspaper coverage
from the full range of contemporary tabloid and broadsheet publications. A certain
number of press photographic prints are held in this collection. There is extensive
correspondence concerning the possible television coverage of the exhibition. Vari-
ous children’s and science programs made inquiries but in the end the arts program
Late Night Lineup was the only one to actually film, with Jasia Reichardt presenting
Cybernetic Serendipity speaking straight to camera in a short film shot in the exhibi-
tion. The BBC Film Archive and Britain’s independent television news organization
ITN have no other material in their current libraries. This conflicts with partici-
pants’ memories of news crews filming Princess Margaret’s visit to the exhibition.

One of the few papers that refer to the actual organization of the exhibition is
a document dated July 7, 1968. Marked confidential, it is a statement of accounts
listing expenses already underraken, those that had yet to be committed, and an
estimate of contingencies. It is noted that £150 had been spent on second-hand tele-
vision sets for Nam June Paik and a further £60 was needed to be spent on “miscel-
laneous gear” for the same artist, equipment which is described as a “doubtful
asset.” The anonymous account keeper passes no more comment on Paik’s work
or its cost but recommends strongly in conclusion: “We save £750 by canceling
Negroponte film now.” Other than this fragment, there is very little record of the
nuts and bolts of organizing the exhibition.

The exhibition organizer Jasia Reichardt had the exhibition exhaustively photo-
graphed. She keprt this large private collection. The 137 thirty-five millimeter slides
documenting the exhibition have now been catalogued, digitized, and transferred to
CD-ROM. A copy of a sixteen-millimeter film showing some of the exhibited com-
puter animation work has been transferred to a contemporary videotape standard.
This represents six of the thirteen films that were shown in the specially constructed
cinema. This film and the slides were used as the basis for a number of public
lectures given in various locations after the exhibition had closed. A copy of the
original exhibition publication and other related ephemera have been obtained.
Contemporary television coverage from the BBC Television film library has been
catalogued and obtained on an accessible modern videotape format. All the print
and radio press coverage has been examined and noted. Several original exhibitors
have been contacted and a number of surviving works located and examined. Three
long interviews have taken place with the original exhibition organizer Jasia Reich-
ardt. The substantial influence of the exhibition noted in both traditional and online
sources has been documented. Published and online material by or about individual

exhibitors has been noted by way of background.
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Participants

The exhibition publication is fulsome in its praise for and thanks to all involved in
the project. In addition to Jasia Reichardt, the team behind Cybernetic Serendipity
were Mark Dowson, credited as technological advisor; the painter Peter Schmidt,
who acted as music advisor; and exhibition designer Franciszka Themerson.? The
ICA records in the Tate include a typed list of 124 “Major Contributors” some of
whom are not mentioned in the book. A total of 148 parties are mentioned in both
sources. These ranged from corporate giants such as IBM, Boeing, General Motors,
Westinghouse, Calcomp, major research institutes such as Bell Telephone Laborato-
ries, and US Air Force Research Labs, down to individuals such as the Reverend
A. Q. Morton from Fife in Scotland. Clearly the exhibition was large and complex.

The list of artists involved includes Nam June Paik, Bridget Riley, and avant-
garde composers John Cage and Iannis Xenakis, all leading artists of the day, some
computer users at the time, some not. Hardly surprisingly the “founding fathers” of
both computer art and robotics were well represented: Charles Csuri, Gordon Pask,
Frieder Nake, Michael Noll, John Whitney, Edward Thnatowicz, the Computer
Technique Group, Tokyo, and many others. These creators, from various back-
grounds, who were using computers in exciting new ways, were joined by “tradi-
tional” (non-digital) contemporary artists who worked with machines and whose
work had already been seen in various gallery contexts. These artists included Bruce
Lacey who contributed robots, Nam June Paik, Roger Dainton, Tsai Wen Ying,
Jean Tinguely, and James Seawright. Lowell Nesbitt’s paintings of computers were
also shown.

The work was not confined to the visual arts. There was the work of avant-garde
musicians such as John Cage, lannis Xenakis, and Peter Zinovieft and poetry includ-
ing Edwin Morgan’s Computer’s First Christmas Card.'® Films by Kenneth Knowlton,
Michael Noll, Nicholas Negroponte, and John Whitney, among others, were shown
in a specially built viewing area. The status of the event was such that Umberto Eco
came from Italy to view its wonders.

The Exhibition

As clearly stated in the exhibition press material, Cybernetic Serendipity was organized
in three sections:

=  computer-generated work
= cybernetic devices—robots, painting machines
» machines demonstrating use of computers and an environment dealing with the

history of cybernetics
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The computer-generated work was mostly on paper. The general photographs
show a well-designed and carefully lit exhibition which created a unique environ-
ment. The well-known three-dimensional pieces by the likes of Bruce Lacey, Jean
Tinguely, and Edward Thnatowicz are clearly evident but there is a huge amount
of two-dimensional wall-mounted material as well.

Not surprisingly, the “cybernetic devices” were the stars of the show. These
ranged from kinetic art pieces by Jean Tinguely to robots by Lacey, Paik, John
Billingsley, and others. These robotic devices in the exhibition, which were a
big hit with critics and the public alike, were not digitally enabled. Edward
[hnatowicz's SAM (Sound Activated Mobile) was featured in the BBC film and
was clearly one of the stars of the show; it is described in the publication as
being “electro-hydraulically operated and its creator writes that he is ‘currently
working on a large structure to be operated by a computer’” (this was to become
the Senster).!!

“The Honeywell Emett ‘Forget-me-not’ (peripheral pachyderm computer)”
deserves a particular mention: “The Forger-me-not computer, built in 1966 in accor-
dance with Livingstone’s Law (Memory may hold the door but elephants never
forget) is of pleasing outward appearance, being delicately constructed of bamboo
so that it may be placed in any executive othce without offence. Among its many
worthwhile features is a mass-memory, where a number of miniature minds can
think instantly in a clockwork direction.”!?

The drawing machines were mostly analogue devices, indeed some were simply
mechanical devices without even electric motors. The ‘Henry drawing computer’,
created by D. P. Henry, is described by its creator as follows: “the apparatus is a
modified analogue computer, originally operated by two electro-servo motors and
air-pressure.’ '

Christopher Evans of the National Physical Laboratory contributed the Cybernetic
Introspective Pattern Classifier. This metal box 48 inches long by 20 inches wide,
offered the user a viewing position where “People looking into the CIPC will be
given a bright, brief flash of a pattern which plants an image on the retina in such
a way that it can be seen, with eyes closed, for one or two minutes.”'? Gallery health
and safety officers of today would no doubt prevent such a device even getting be-
yond the risk assessment stage.

A whole section of the exhibition publication is devoted to “Computer Texts and
Poems,” including “computerized Japanese haiku”!> and “high entropy essays,”"®
which were essays on technical physics written by a computer program. One such
creation was inserted into a pile of undergraduate examination answer booklets in
the fond hope it would pass for the real thing. Fortunately higher education quality
control in the 1960s was sufficient for this rogue, randomly generated paper to be

detected by a vigilant assessor.!” High Entropy essay 4321 begins:
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the absolute
the entropy of the universe which determines
microscopic disorder implies the increase of disorder'®

The third section of the exhibition “demonstrating the uses of computers and an
environment dealing with the history of cybernetics,” was dominated by six display
units and models built by Maurice Trask for IBM, illustrating the history and de-
velopment of computing. These models and their “audience operated device”'” were
so effective that many enthusiastic eyewitnesses swear to this day that the IBM air-
line reservations systems illustrated was actually in the ICA. The closest thing to
actual IBM hardware was a model of an IBM 360 system in the same display.2°

Contexts

The exhibition’s aim was clear: “Dealing with an exploratory field, all atccempts at a
historical perspective or firm evaluation were out of place. The exhibition and this
record, therefore, are essentially a reportage of current trends and developments.”?!
Sensibly, the exhibition did not tear machine-assisted creative work from its context,
and contemporary work that was not made in any way by machine was included. For
example, Bridget Riley’s geometric work was exhibited alongside similar machine-
facilitated or computer-generated work. The contemporary avant-garde music on
the exhibition record included work that was, for the most part, produced in non-
digital ways but that helped to set the context for the computer-generated or
assisted work. It is also important to note that a wide range of disciplines were rep-
resented in the exhibition, not just the visual arts. Poetry, music, dance, film, and

animation with a technological dimension were all shown.

Publication

The much-quoted and consulted exhibition publication is not, as is so often as-
sumed, a catalogue, but rather a book to coincide with the show. The book was pub-
lished as a Studio International special issue and went to a second edition and a further
reprint. The first edition is dated July 1968, before the exhibition opened. Some of
the machines and some of the works displayed or referred to in the publication were
not actually in the ICA show. Some of the text in the publication had been pre-
viously published elsewhere. A lecture series ran parallel including the Reverend
A. Q. Morton speaking on “The Computer as an Aid to Literary Studies,” explain-
ing his use of computer-aided analysis of Greek language texts, including Homer. A
33 rpm long-playing record, including work also in the exhibition, was issued, and
some of the contributors performed at a concert at the ICA on August 29, 1968.
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Findings

Cybernetic Serendipity has a reputation for being the first computer art exhibition.
It was not. There had been a computer art exhibition earlier in Germany (Stutt-
gart, February 1965) and two in America (April and November 1965). The ICA
show was certainly the first on a large scale in a major public gallery, and was,
of course, more than computer art, being a comprehensive survey across the cyber-
netic arts. More crucially perhaps, Cybernetic Serendipity was, as its title states, about
cybernetics—"control and communication in the animal and machine’22—rather
than exclusively concerning itself with computer-generated work. The stated aim
of the exhibition was to explore “the relationships between technology and creativ-
ity.”*> While clearly centering on computers for publicity (and fundraising) pur-

poses, there were only two digital machines in the exhibition and much of the
work was produced using analogue technology. One of these computers, used by
Peter Zinovieft to compose music, was removed for his continued use. When this
happened a set of large soft dice was put in its place, creating a place to sit with
the intention of signaling the importance of the chance element in creativity; a
case of serendipity replacing the cybernetic. The exhibition photographs show only
one machine that might instantly be recognized as a computer today. This was a
Calcomp plotter and its refrigerator-sized driving machine. When this research was
presented at an international conference, distinguished professors from two conti-
nents debated at length about whether such a machine was or was not actually a

general purpose computer.
Insights and Foresights

The multifaceted wonders of the cybernetic world were not presented without

comimnent:

One can foresee the day when computers will replace railway trains and airliners as the cult

symbols of the under twelve’s.”*

Cybernetic Serendipity deals with possibilities rather than achievements, and in this sense 1t
is prematurely optimistic. There are no heroic claims to be made because computers have so
far neither revolutionized music, nor art, nor poetry, in the same way that they have revolu-

tionized science.?’

The computer is only a tool which, at the moment, still seems far removed from those po-
lemic preoccupations which concern art. ... The possibilities inherent in the computer as a
creative tool will do little to change those idioms of art which rely primarily on the dialogue
between the artist, his ideas and the canvas. They will, however, increase the scope of the art

and contribute to its diversity.”®
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These observations, made by curator Jasia Reichardt were, and remain, remarkably
insightful, clearly standing the test of time.

Serendipity Ain’t What it Used to Be

The exhibitors in Cybernetic Serendipity were a combination of artists and scientist-
engineers experimenting in a way not possible today. Of course in 1968 scientists,
engineers and artists all had to write software (or work with someone who could) in
order to produce computer work, whereas today artists can use digital tools without
needing coding skills. Computer users are less likely to do something just to see if it
can be done. Questions such as, “Can we get a computer to replicate a Bridget Riley
or a Klee?” were asked and answered in 1968 in a way that they wouldn’t be today.
Both public and private computer labs were well funded and staffed, and creative
serendipity was possible. Whether in university computer centers or the labs of
Boeing or Bell, genuine blue skies research was done in a sometimes playful way.
Creative people wrote code, not funding applications. |

This rose-tinted view of things has quite properly been contested by senior fig-
ures with a closer relation to the time. The view of several senior computer scientists
was that the interesting groundbreaking work exhibited was very often done in the
margins of more mundane funded work for Bell Labs or the air force, for example.
Certainly it appears in retrospect that public galleries like the ICA had staft who
could take time to do a job properly. What major public gallery today would allow
an assistant director to spend the better part of two years following the three-word
advice of a respected colleague? Today galleries would look for the surefire success,
with clear funding opportunities, which would be curated by a superstar freelance
curator brought in for the job. |

Afterlife

Some of the work travelled to the Smithsonian Institution in Washington, DC, and
to the Exploratorium in San Francisco (for an exhibition called Sezentific Serendipity).
Some pieces were sold to a collection in Japan. While some of the work survives
today in the garages of engineers and the barns of artists, other works are in the pri-
vate collections of the wealthy, and some are in the vaults of public galleries. Jasia
Reichardt has one in her study.

Whether Cybernetic Serendipity was an exhibition of the cave paintings of the dig-
ital age or simply drawings in the digital sand is for history to determine. Very little
of the work shown features yer in the wider history of mainstream contemporary
art, possibly because the history of digital art is only now beginning to be written.

Clearly the event itself was historic and influential, greater in many ways than the
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sum of its very considerable parts. Appropriately, Cybernetic Serendipity was itself a
wonderful serendipitous accident, a happy coincidence of the right person in the
right place at the right time, assisted by a lot of the right people. The resonances
will multiply; the story will not be forgotten.
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The Technologies of Edward IThnatowicz

Aleksandar Zivanovic

Edward Ihnatowicz produced arguably the greatest work of computer art to date,
the Senster, in 1970. It was the first sculpture to be controlled by a digital computer,
which controlled the motion of the sculpture in response to the sound and move-
ment of the people around it. This chapter gives an overview of his work, describing
the development of his ideas. Further information, including video clips of the
sculptures in motion, may be found on the website: www.senster.com.

Ihnatowicz was born in Poland in 19206, left as a war refugee in 1939, and even-
tually arrived in Britain in 1943. He attended the Ruskin School of Art in Oxford

from 1945 to 1949 where he studied sculpture but was also very interested in pho-
tography and filmmaking. He retained this interest throughout his life and, for a
while, worked professionally in the field. He worked as a junior partner in a small
furniture irm until, in 1962, he left the business and his home to live in an uncon-
verted rented garage and return to making art. He barely survived by making win-
dow displays and door-handles for shoe shops. He was nearly forty years old and felt
that his art had not matured with him, leaving him very dissatished. He made a
series of portrait terracotta and bronze busts but did not rate them highly. He also
made a number of sculptures out of parts of old cars and even sold a few. He did not
regard them as “serious” sculprure, but he enjoyed making them and, as he came to

believe, doing something that he found enjoyable was essential:

[ had to devise for myself a type of occupation, even if it meant giving up art, that had a best
chance of making me feel like getting up every morning to get on with it. This suggested
that for safety’s sake I should include all the activities that had given me that type of antic-
ipatory pleasure in the past and those were embarrassingly many and most of them had noth-
ing to do with art. The strongest candidates apart from sculpture itself were working with

machinery and electronics.’



Aesthetics of Engineered Components

In dismantling cars for his sculptures, there were two aspects IThnatowicz was inter-
ested in: the aesthetics of the parts and methods of generating motion. He realized
that the shapes of the highly engineered components were more satisfactory from an
aesthetic point of view than his abstract sculpture. He thought that they had “more
conviction and an air of purposefulness and suitability for the tasks for which they
were intended; and also that those tasks invariably involved some form of physical
motion or transmission of forces.” He decided to investigate abstract form genera-
tion “to try to see whether a shape determined wholly by mechanical and functional
considerations and refined with care and sensitiveness normally reserved for works
of sculpture could be made as aesthetically satisfying as a piece of sculpture or an
organic form.” He had been toying with the idea of a science fiction play in which
there was to be an extra-terrestrial robot and the details of its mechanical construc-
tion were proving to be a fascinating problem.

What sort of shapes might we conceivably expect to see on a machine produced by a civili-
zation with similar material constraints to our own, but technologically greatly advanced? I
decided that one of the differences could well be that the shapes of the mechanical compo-
nents would be recognizably dictated entirely by the forces acting on them in operations and
not at all by the constraints of the methods of manufacture or even of design. This was based
on the assumption that the design and manufacture technology could be assumed to be so
advanced as to make the shape of the original material stock or ease of machining irrelevant.
In our own engineering similar conditions exist occasionally when either the cost or weight
of the material becomes critical as in the case of a wishbone suspension in a motor-car or
when the shape of a component is critical for its performance as in an aerofoil. Such condi-
tions often result in the production of aesthetically very satistying shapes and it was this to-
gether with a suspicion that similar constraints might be applied to sculpture.

[t was by experimenting with this approach, and by devising a set of artificial con-
straints, that he came up with the design that eventually became SAM (Sound Acti-

vated Mobile).
Generating Motion

[n addition to discovering the more satistactory aesthetics of engineered parts, IThna-
towicz found when dismantling cars, the experience also taught him about ways of
generating interesting motion. He was fascinated by the hydraulic systems used in
cars to transmit the force exerted by the driver on the brake pedal to the brake pads
on the wheels. He was impressed by the power, smoothness, and precision with

which the system could move. He realized that this was a very good way of produc-
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ing subtle and well-controlled motion. Oil could be delivered to any number of
actuators through flexible piping, but to do this required an ability to precisely con-
trol the amount of oil being fed to a hydraulic piston. Foot pedals clearly had to be
replaced by a motorized pump and the flow controlled by valves. A method of auto-
matically controlling the valves was required, as was, even more importantly, an
ability to define precisely the motion to be produced.

Ihnatowicz found some hydraulic valves in a batch of government surplus equip-
ment and started experimenting with analogue electronic circuits to control the
values to produce interesting motion. This fascination with hydraulics, together
with his interest in the aesthetics of engineered components, resulted in his first
cybernetic sculpture.

SAM (Sound Activated Mobile)

[hnatowicz decided to develop a robot neck, under the following constraints:

I.  The structure should be hollow in the centre to allow for the passage of a number of
pipes and cables from the trunk to the head for which it would need to offer a measure of
mechanical protection.

2. The movement between individual elements of the neck to be restricted to reduce the
risk of twisting or buckling of the pipes.

3. Any connection to the elements of the neck itself to be also made from the inside to
preserve a clean appearance and to reduce the possibility of damage in operation.

These restrictions suggested that the structure be in the form of a stack of vertebrae
rather than some form of a powered universal joint. It also made hydraulic actuation
the logical choice, given his interest in this form of actuation. He designed two
rypes of shapes to be stacked alternately on top of each other, eight in all, one inter-
connection providing the horizontal movement and the other the vertical.

Pistons were integrated into the shapes, two in each section acting antagonisti-
cally (in a push-push configuration). Each of the pistons had a small range of mo-
tion, but was linked to all the others of its type, so that only two servo-valves were
used: one to control all the horizontal acting pistons, and one for all the vertical
ones. The result was that the whole column could twist from side to side and lean
forward and backward. He modeled the shapes of the vertebrae in wax, and then
carved wood patterns, which were used to make aluminum castings.

[hnatowicz found the shapes much more satistying than the abstract sculptures
he had hitherto been producing. Trying to build the pistons into the shapes caused
him many problems. Hydraulic systems demand very high manufacturing tolerances
to prevent leaks and he found it very hard to achieve the required accuracies. In find-

ing out more about the engineering and manufacture of these systems, he made
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many useful contacts, particularly at University College London, who would later
assist him in the construction of the Senster.

In developing the mechanics of the neck, he had left untouched the problem of
the control of the motion, and indeed the reason for that control. He had an idea to
construct an acoustic direction finder, mount it on top of the neck and devise some

means of utilizing the output of such a detector to drive the hydraulics. The elec-
tronics caused him a lot of difficulty. He mounted four microphones in front of a
flower-like fiberglass parabolic sound reflector on top of the neck and tried to use
the difference in volume on each pair of microphones to determine the direction of
sound. This proved unsuccessful and he was eventually helped by John Billingsley
from Cambridge, who designed a circuit that measured the phase difference in the
sound at the microphone pairs (effectively measuring the time delay between the
sound arriving at one microphone and the next). The output of the circuit was an
analogue voltage, which indicated the direction of the dominant sound, and this
output was fed to a pair of hydraulic servo valves, which controlled the flow of oil
to the pistons in proportion to the level of sound. Thus the device turned and bent
over to face people talking in its vicinity. |

IThnatowicz named the resultant sculpture SAM, for Sound Activated Mobile (igure
8.1), and he regarded it as “the first genuine piece of sculpture I had produced.”

SAM was exhibited at the Cybernetic Serendipity exhibition, which was held at the
Institute of Contemporary Arts (ICA) in London in 1968, and later toured the
United States, ending at the Exploratorium in San Francisco. The behavior of
the sculpture, that of following the movement of people as they walked around its
plinth, fascinated many observers. Also, since the sculpture was sensitive to quiet
but sustained noise, rather than shrieks, a great many people spent hours in front
of SAM trying to produce the right level of sound to attract its attention.?

As previously mentioned, Thnatowicz obtained the valves used in SAM in a batch
of government surplus parts. Neither he nor the dealer were aware of the function of
the servo valves, and in researching their use he found out about the whole area of
control engineering, which he realized would be central to the work he was inter-

ested 1n:

[ became convinced that Control Engineering was precisely the technology needed to enable
artists interested in movement to explore those virtually unexplored areas of our sensibilities.
Most people are sure that there is a very basic difference in the quality of movements pro-
duced by a human being or an animal, and those produced by a mechanical device and that
this can be used as a reliable basis for differentiating between animate and inanimate objects.
This is no longer true. Practical engineers have no interest in the simulation of animal move-
ment or behaviour, but the technology clearly exists to make this possible and from the ar-
tistic point of view the prospect is fascinating.
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Figure 8.1 Edward lhnatowicz, SAM (Sound Activated Mobile), 1968.

He investigated control engineering, but too late to use it in SAM, which operated
in open-loop® mode. To operate it in closed-loop mode would have required altering
the structure of the neck to add position sensors.

[hnatowicz became fascinated by analogue computers, bought an army-surplus
oscilloscope, constructed a simple analogue computer, and could make the spot on
the screen move 1in what he considered were quite elegant ways. Using the skills he
acquired developing SAM, he built a hydraulic system with position feedback and
constructed a simple servo-system, which would move a lever in strict accordance

with the pattern displayed on the oscilloscope. Although the various waveforms

The Technologies of Edward Thnatowicz

99



produced by the computer were pleasing, and the physical motion of the lever
encouraging, he wanted a more precise way of describing the motions to be pro-
duced in terms of velocities, accelerations, and time intervals. He also wanted to un-
derstand better how we and other animals move and, to this end, he contacted some
people working with powered prosthetics, having learned that they were analyzing
movements of human arms during the performance of various tasks. He was amazed
to discover that the motion of a human elbow when performing a well-rehearsed
movement from one point to another exhibited an almost linear acceleration and
deceleration, a sort of motion that he could simulate exactly on his analogue com-
puter. He also noticed that these people were using digital logic circuits to sequence
and control their simulators, so he taught himself about digital computing. He
eventually constructed a small logic network, which, together with a pair of digital-
to-analogue converters, enabled his hydraulic lever to perform a great variety of
movements.

The Senster

[hnatowicz realized that the shapes he had produced for SAM’s neck looked some-
what bone-like, although he had not tried to imitate natural forms. He was
intrigued to discover that an almost identical shape existed in nature in the joint
of the claw of the lobster. It was not only the similarity of shape that was intriguing;
its operation was like that of his joint: a simple pivoting action, which he had never
seen before in nature. Most animals, even thos¢ with exo-skeletons, have more com-
plex joints, which, like our shoulders, can rotate in several planes at the same time.
In the lobster, all the joints are simple pivots, but in spite of this apparent limitation
and in spite of having only six of them in any leg, that leg can perform all the
required motions with perfect ease (figure 8.2).

[hnatowicz started sketching ideas for a full-size sculpture based on such a leg
and he was constructing a model (using miniature hydraulic actuators) when a
friend of his introduced him to James Gardner, the exhibition designer.

Gardner was responsible for the Ewoluon, the electronics giant Philips’s new
(1966) showpiece permanent technological exhibition (it has since been converted
to a conference center) in Eindhoven, the Netherlands. Gardner introduced Thnato-
wicz to Philips and persuaded them to commission him to produce a large moving
sculpture, which Gardner eventually named the Senster. It was a huge undertaking
that took Ihnatowicz (with the assistance of professional engineers from Philips/
Mullard) several years to complete (the contract was signed in May 1968 and the
Senster went on display in September 1970) but that enabled him to put many of
the ideas he had been toying with into practice. It took the general form of a great

lobster’s claw with the pincer replaced by a moving array of microphones like
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Figure 8.2 Edward Ihnatowicz, concept sketch of the Senster.

SAM’s, except that the whole thing was now run by a digital computer and had
proper industrial actuators and servo-valves.

[hnatowicz had, by that time, established a close relationship with a number of
people in the Department of Mechanical Engineering of University College London
(UCL), where he went trequently for advice. For the last year of working on the
Senster, he moved there completely. A technician at UCL ("Stan the Welder™) con-
structed the huge structure of the Senster and it dominated a laboratory in the base-
ment. (There is an anecdote that there was a chunk of concrete missing from the
ceiling as a result of a glitch in testing.) After the system was tested, it was dis-
mantled and shipped to Eindhoven in June 1970. The system was insured for
£50,000—the equivalent of around US$4.5 million 1n current value—when 1t

was transported, which gives some indication of the scale of the project.

The Technologies of Edward [hnatowicz

101



The Senster was unveiled in September 1970 and Ihnatowicz stayed in Eindhoven
until December. He spent about half of that time sitting in the exhibition hall pro-
gramming the Senster and observing the interaction between it and the spectators.
He came to the conclusion that the shape and the general appearance of the struc-
ture were of very little significance compared to its behavior, and especially to its
ability to respond to the public. People seemed very willing to imbue it with some
form of animal-like intelligence and the general atmosphere around it was very
much like that in a zoo.

The Senster was large: 15 feet (5m) long and 8 feet (2.4m) tall at the “shoulder,”
and has been described as resembling a giraffe or dinosaur (hgure 8.3).

It was made of welded steel tubes, with no attempt to disguise its mechanical
features. There were six joints along the neck, actuated by powerful, quick, and
quiet hydraulic rams. (The hydraulic power supply was located in the basement.)
Two more hydraulic actuators were mounted on the head to move the microphone

Figure 8.3 Edward Ihnatowicz, the Senster, 1970.
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array. The microphones were arranged in pairs (much like in SAM) but the sound
localization was carried out in software by a process of cross-correlating the inputs on
each pair of microphones (a much more sophisticated and reliable technique than
that of SAM).

The actuators in the head moved the microphones quickly in the calculated di-
rection of the sound, in a movement reminiscent of an animal flicking its eyes. The
speed of movement was proportional to the volume of the detected sound. If the di-
rection of the sound source remained constant for a particular period of time, the rest

of the body would then follow in stages, making the whole structure appear to home
in on the sound. Loud noises would make it shy away. If the sound level became
overwhelming, the Sensrer would raise its neck vertically and “disdainfully” ignore
further sounds until the volume subsided. In addition, two doppler radar units
were mounted on the head of the robot, which could detect the motion of the visi-
tors. The Senster was attracted toward small motions but sudden movements “fright-
ened” it, causing it to withdraw. The complicated acoustics of the hall and the
unpredictable behavior of the public made the Senster's movements seem a lot more
sophisticated than they actually were.

In the quiet of the early morning the machine would be found with its head down, listening
to the faint noise of its own hydraulic pumps. Then, if a girl walked by, the head would fol-
low her, looking at her legs. Thnatowicz describes his own first stomach-turning experience of
the machine when he had just got it working: he unconsciously cleared his throat, and the
head came right up to him as if to ask, “Are you all right?” He also noticed a curious aspect
of the effect the Senster had on people. When he was testing it he gave it various random
patterns of motion to go through. Children who saw it operating in this mode found it
very frightening, but no one was ever frightened when 1t was working in the museum with
its proper software, responding to sounds and movement.*

The computer used to control the Senster was a Philips P9201 with 8K core memory,
which used punched paper tape to load programs. This computer was a clone of the
more common Honeywell 416, and was valued at £8,500 in 1969 (according to a
shipping invoice), equivalent to about US$500,000 in current terms. Fortunately,
an assembly code listing is still in existence and appears to show that the program
implemented a type of “behavior-based” system.

Rodney Brooks at MIT used the term “behavior-based” in 1986 to describe the
so-called Subsumption Architecture. He suggested that intelligent behavior could
be achieved using a large number of loosely coupled processes, which carried out
only minimal internal processing, and that sensory signals should be mapped as
directly as possible to motor signals. His view was that intelligence emerges from
the interaction of an organism with its environment. This contrasts strongly with

the traditional information-processing view, in which information from the senses
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is integrated into an internal model, then an action is planned and carried out
(the sensing-thinking-acting approach). It has become common to use the term
“behavior-based” to describe systems that use a non-information-processing scheme,
as opposed to the classical knowledge-based approach. The Senster used just such a
scheme. For instance, its control system did not try to sense where the visitors were
standing, put their locations into an internal map, then choose how to move the
body. Instead, the head would always turn to point in the direction of the predom-
inant sound. An independent process would monitor the position sensors in the
head. If the value of the position sensor stayed the same for long enough, the neck
would turn in that direction. The full details of Thnatowicz’s implementation are
currently being studied, particularly how the inputs from the microphones and the
motion sensors were mediated.

Several racks of custom electronics interfaced the computer to the Senster. Again,
we are fortunate that most of the circuit diagrams survive. There were eight hydrau-
lic actuators in total (including the two in the head) and they were controlled in
pairs so, essentially, there was one standard output circuit repeated four times. The
following description is for one such circuit:

The output from the computer was latched as sixteen data bits (the input could
also be set via manual switches, for testing). All sixteen bits were also taken to light
bulbs for debugging purposes. The sixteen bits were split into two sets of five bits,
which represented the next required position for an actuator, thus each joint had
32 (2”) discrete positions. This was a very low position resolution but was overcome
by the use of a circuit called the “predictor.” Each set of five bits was passed to a
digital-to-analogue converter and thence to the predictor. The predictor was a so-
phisticated arrangement of op-amps, which operated as a second-order low-pass fil-
ter, with a roll-off frequency set by a circuit called the “acceleration splitter,” fed by
three spare bits from the latch, via another digital-to-analogue converter. This cir-
cuit distributed an analogue voltage, with a resolution of 8 (2°), to the predictor
circuits, which altered their roll-off frequencies. It basically set the time by which
all the joints were to reach the next set positions, so that they all arrived at the
same time, to make the movement look natural. There were two separate accelera-
tion splitters: one for the hydraulics which moved the microphones and another for
the joints in the rest of the structure, thus the microphones could flick quickly,
while the main structure moved at a more sedate pace. The predictor smoothed the
analogue voltage output so that it followed a spline-like curve. (The computer was
not fast enough to generate smooth motion in real time, hence the use of analogue
circuits.) The output from the predictor circuit was fed to a hydraulic servo system,
so that the actuators followed the analogue voltage in a proportional way. The pre-
dictor was one of the critical parts of the Senster's control system because it was what

made the movement look very natural. It 1s examined in more detail below.
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Voltage

Figure 8.4 Output from the predictor circuit of the Senster.

Fortunartely, the circuit diagram for the predictor survives and was simulated
using SPICE, a standard circuit simulation software package. Figure 8.4 shows the
output of the circuit. At time = 1s, the output from the computer goes through a
step change from 0 to 10V. The predictor smoothes out the transition, so that the
motion of the robot joint starts and stops smoothly. The different curves illustrate
the effect of changing the value output by the acceleration splitter, the length of
time for motion to be completed may be varied.

Ihnatowicz said:

I tried to make its movements ethcient. In the process of doing that, I discovered that ani-
mals, when they perform competent movements, are extremely efficient, and my machine
looked animal like, even though I did not try to copy animal movement.’

The most efhicient (least expenditure of energy) motion can be shown to be when
the velocity has a parabolic profile. The actual shape produced by the predictor cir-
cuit (the derivative of the spline-like curves shown in figure 8.4) is not this ideal: it
is asymmetrical (the peak velocity occurs before the half-way point) and bell-shaped.
Later studies of human motion showed that this is very similar to what is observed
in biological systems.®

Work presented in Flash and Hogan’ showed that this characteristic bell-shaped
graph is consistent with the smoothest possible trajectory (minimizing the rate of
change of acceleration over the entire movement). This “minimum-jerk™ trajectory
model successfully predicts a number of features observed in human motion®: invari-
ance of trajectories under translation and rotation in the workspace, scaling of trajec-

tories with time and amplitude, temporal coupling between curvature and speed,
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and a prediction similar to the “isochrony principle” (joints are coordinated so that
their motions finish at the same time). Recent research” suggests that the brain is
not trying to optimize the smoothness of the motion, but that this velocity profile
is a consequence of it trying to maximize the precision of motion when the neural
control signals are corrupted by noise whose variance increases with the size of the
control signal. The close match between the output of the predictor circuit and
human motion is, in the author’s opinion, a key reason why the movement of the
Senster was regarded as looking so natural.

Relations between IThnatowicz and Philips appear to have been difhcult. Except
for a visit to the official opening of the exhibition in the Ewvoluon, Ihnatowicz was
not in contact with them again until after the Senster was dismantled around Christ-
mas 1973. Philips gave the reason for removing the sculpture as “untavorable pub-
licity” they had been receiving. According to IThnatowicz, “the bad publicity was
due to the fact the machine was not in fact performing as intended, its programme

having been severely degraded in order not to cause too much excitement and
noise.”’

[t 1s not known what happened to the computer, but the electronics system was
given away to local electronics enthusiasts, and the mechanical structure was given
to an engineering firm who had done some structural work on the Senster. One of
their employees recognized the historical significance of the artwork and the com-
pany eventually set it up in front of their premises, where it remains to this day.
On his return from Holland, Ihnatowicz was invited to join the staff of the Mechan-
ical Engineering Department of University College London as a research assistant.
He wanted to explore artificial intelligence, in part because, when observing the Sen-
ster and knowing just how simple the controlling program was, he “felt like a fraud
and resolved that any future monster of mine would be more genuinely intelligent.”
He found it disconcerting that “people kept referring to it as an intelligent thing,
but there wasn’t an iota of intelligence in it: it was a completely pre-programmed
responding system.” 1"

He believed that he could make his next machine more intelligent by simply
consulting the right people in the artificial intelligence fraternity about the correct
programs to use in these circumstances. He soon discovered that “those involved
with Al concerned themselves with completely different problems, or at least that
their methods, and especially the criteria they applied, had very little relevance to
my problems.”

He decided to do some research of his own into Al and arrived at two conclu-
sions: that mechanical movement was the only means by which we could establish
the presence of any would-be mental activity; and that while the concept of intelli-
gence remained as elusive as ever, the notion of perception seemed as important and

perhaps more manageable. He believed that “perception, like mechanical motion,
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must, of necessity, constitute a part of any form of behavior and can be thought of as
the mechanism by which the sensory data arriving from the eyes or ears or any other
type of sensor is organized into a form suitable for producing an appropriate re-
sponse.” That response, in the simple systems he was looking at, was invariably
some form of motion; so the immediate problem seemed to be to discover a method
of describing the two sets of phenomena: visual patterns, say, and physical move-
ment, in such a way that their correspondence, which was a physical fact in the out-
side world, could be reflected inside the system.

The Bandit

Ihnatowicz felc that he needed to understand more about the nature of mechanical
information and decided to concentrate on that. He helped supervise a PhD student,
suggesting a project to develop a hydraulically operated lever equipped with pres-
sure sensors. Connected to a computer, this system could be made to move or exert
pressure against a variety of objects. In this manner he hoped something could be
discovered about their mechanical characteristics.

Being connected to a computer, the arm was capable of operating in two modes:
in the position mode it would move to a specified position with a prescribed veloc-
ity, largely without regard to any encountered resistance; in pressure mode it would
exert a specified pressure against whatever object it encountered. If the specified
pressure was zero, it would become completely passive and compliant.

In 1973 the Computer Arts Society (CAS) staged an exhibition on the fringes of
the Edinburgh Festival and asked Thnatowicz to contribute. The arm was all that he
felt he could show, so, together with the student, he turned it into an exhibit, with
financial assistance from CAS. The arm was made to operate in both position and
pressure mode and people were invited to move it in any way they liked. When
compliant, the computer would store the movements the person made and then
play them back in position mode. The different ways in which people reacted
when the arm suddenly took over were analyzed by a statistical program that was
capable of distinguishing between sexes and of classitying people according to their
temperament (e.g., MALE, TIMID). The results were printed on a teleprompter and
were surprisingly accurate. It was called the Bandit, after the one-armed bandits of
Las Vegas, which it vaguely resembled.

The Bandit was, however, a little beside the point as far as Ihnatowicz’s main in-
terest was concerned. He was forming an idea that perception ought to relate to
objects rather than events; that it ought to enable the system to distinguish between
itself and the outside world. He felt that a very important distinction should be
made between what could be called non-dimensional sensing, that is, awareness of

changes in some stimulus like pressure, noise, or light, which have a magnitude but
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no direction; and the type of perception that could enable the system or animal to
determine the shape, size, position, or direction of motion of other objects as well as
of itself. The Bandit, having only one actuator, could deal only with magnitudes, so
another moveable segment was added to it, similarly instrumented and forming, in
effect, an elbow. The new device was reorientated so that the tip moved horizontally,
parallel to the surface of a table, which could be placed beneath it. He devised an
experiment in which the arm could be made to run along a piece of metal placed on
the table, and the computer could record such runs and deduce the angle at which
the piece had been placed from the relative velocities of the two rotating joints.
Further research into robotics was thwarted by a lack of funding. Thnatowicz left
UCL in 1986 to set up his own company: IMA (Industrial Microcomputer Applica-
tions). He installed an Io Research Pluto system featuring Designer Paint and De-
signer 3D, which was largely developed by Andy Wray who worked closely with
Ihnatowicz when he was a research student at UCL. The package was mainly used
for modelling, illustration, and animation. He received some commissions, partic-
ularly for advertising and portraits. He also produced control programs for small
computers in engineering and small-scale factory automation. He was unable to

complete any more cybernetic sculptures before his death of a heart attack in Octo-
ber 1988.

The Artist as Engineer

Ihnatowicz always regarded himself as an artist (he described his occupation as
“cybernetic sculptor’) but he was multitalented and ready to teach himself anything
necessary to develop his ideas, no matter how difficult or technical. He maintained
that art and technology had always been closely linked, quoting Leonardo and
Michelangelo. Indeed, David Pye (on the basis of his experience in training indus-
trial designers) observed that one who “is capable of invention as an artist is com-
monly capable also of useful invention.”!!

In many ways, Ihnatowicz’s approach was closer to engineering than to conven-
tional art, a point that was not lost on him—he was writing a book about his work
entitled “Portrait of the Artist as Engineer” when he died. Indeed, the similarity
between art and engineering has been noted elsewhere, particularly by Eugene S.

Ferguson:

Most engineers today are happy to be called scientists but resist being called artists. Art, as it

is understood in engineering schools, is effete, marginal and perhaps useless. It is a “soft”

subject, lacking the rigor of the hard sciences and the supposed objectivity of engineering.
Yet engineers’ drawings, whether made with pencils and pens on a drawing board or with

an electronic cursor on a computer screen, share important characteristics with the drawings
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and paintings of artists. Both the engineer and the artist start with a blank page. Each will
transfer to it the vision in his mind’s eye. The choices made by artists as they construct their
pictures may appear to be quite arbitrary, but those choices are guided by the goal of trans-
mitting their visions, complete with insights and meaning, to other minds. And an artist,

other than a parcicularly anarchic one, generally follows rules implicit in a particular period
and a specific style or school.

The engineer’s goal of producing a drawing of a device—a machine or structure or
system—may seem to rule out most it not all arbitrary choices. Yet engineering design is
surprisingly open-ended. A goal may be reached by many, many different paths, some of
which are better than others, but none of which is in all respects the one best way.

Design engineers have recourse to analytical calculations to assist them in making deci-
sions, but the number of decisions that are based on intuition, a sense of fitness, and personal
preference made in the course of working out a particular design is probably equal to the
number of artists” decisions that engineers call arbitrary, whimsical and undisciplined.!?

Ihnatowicz's work could be said to have had little influence on his artistic con-
temporaries; no comparable work was produced for about two decades. The engi-
neering skills required of the artist, complexity of the devices, sheer cost of
construction, and necessity of ongoing maintenance were major barriers to the devel-
opment of similar works.

It is the author’s opinion (from anecdotal evidence) that Ihnatowicz influenced
robotics and Al researchers far more than artists. Much of his work explored con-
cepts in artificial intelligence, particularly the link between perception and intelli-
gence. He was working at the height of “hard AI”: the idea that programs that
could solve abstract problems, prove theorems, or play chess would somehow result
in intelligent robots. As Rolf Pteifer and Christian Scheier state:

By the mid-1980s, researchers from artificial intelligence, computer science, brain and cog-
nitive science, and psychology had realized that perhaps the idea of computers as intelligent
machines was misguided. The brain does not run “programs’’: It does something entirely dif-
ferent. But what is it Evolutionary theory teaches us that the brain has evolved not to do
mathematical proofs, but to control behavior, to ensure our survival. The researchers from
these various disciplines agreed that intelligence always manifests itself in behavior and that
we must understand the behavior. If an organism does not behave, does not do anything in
the real world, how would we ever know whether it possesses any kind of intelligence or not?
At the very least, the organism, the animal, the person, the machine must make sounds,
change the environment in some ways, move, draw something, produce signs that can be

interpreted by others.'’

This concept has come to be known as “embodied intelligence.” For an agent to
have intelligence, it must have a physical body and it must be able to interact
with the environment, because it is only through interaction that the agent can ac-
quire knowledge about the environment. Ihnatowicz explored exactly these ideas
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two decades before people such as Rodney Brooks at MIT finally broke the domi-
nance of traditional Al with these concepts. In particular he argued that “in order
for any system, natural or artificial, to be able to deduce anything at all about any
object simply by looking at it, it must first be able, or must have been able in the
past, to interact with it in some mechanical way. Moreover, only those aspects of the
object which can be modified by such actions can ever be successtully interpreted.”

[t could be argued that Ihnatowicz achieved so much in this field (after all, the
Senster was a successful embodied, behavior-based robot) years ahead of his time pre-
cisely because he was an artist rather than an engineer or scientist. He was unfettered
by the accepted notion of machine intelligence; he achieved the goals he set himself
by his own process of artistic exploration.
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Forty Is a Dangerous Age: A Memoir of Edward
Thnatowicz

Richard Ihnatowicz

When my father, Edward Ihnatowicz, was about to reach the dangerous age of forty,
he lett home and went to live in a garage in Hackney in order to devote his time
fully to sculpture. So began the happiest and most productive period of his life.
I was in my teens, about to start working for O-level examinations, but his leaving
wasn t entirely a shock. In many ways it was something of a relief and the marker of
a new beginning for all of us.

What he did was of course unusual, but at the time it seemed quite normal to
me. He was, after all, my dad, and he made sculpture. He also painted and drew and
made all kinds of things: a radio, a pair of corduroy trousers, furniture. He could
mend cars, weld and work wrought iron, sail a yacht, and he had been a professional
photographer. He loved movies, was a good bridge player, and enjoyed chess. He
could lay bricks and plumb lead pipes with a blowlamp and wet rags. But then so
could a few others that I knew. Self-reliance was forced upon many during World
War II. Although he did not consider himself to be a mathematician, Ed was fasci-
nated by math and was always reading about it. He never went anywhere without a
slide rule and owned one of the first pocket calculators when they became available.

So the move from Raynes Park to Hackney, although it seemed like to the other
side of the Earth, had a certain logic to it, and to my friends it also had a great deal
of existential romance, glamour, and drama. They saw Ed as an exciting role model.
We were all reading Jack Kerouac and Henry Miller at that time, and somehow
Hackney took on the allure of Paris, the Rive Gauche, existentialism, and La
Boheme.

The reality was a little different. The garage was on the end of a terrace of houses

on Ufton Road. It had no heating or lavatory. Ed had to use the outside toilet of the



house on the end (as did his many visitors). There was a sink with running water, a
large rectangular one usually piled high with pots and pans waiting to be washed.
(Ed was lazy about washing up and waited until it was absolutely necessary before
doing it.) There was no bath or shower. He cooked on an electric stove of the Baby
Belling type, mostly from tins since there was no refrigerator. The garage could be
bitterly cold, but he said he had known worse. At least there were no rats, and you
didn’t have to break ice to wash, although he did complain that his modelling clay
got so cold it hurt his hands. He slept in a sleeping bag on a sprung mattress. La
Boheme, perhaps, but not the Rive Gauche.

I remember the smells. Mild steel has a particular smell, as does acetylene. One
wall of the garage was ranged with wrought iron brackets, which held a large supply
of grimy steel rods of various thicknesses. Oxygen and acetylene bottles stood in a
corner just inside the door. Electric arc welding also leaves a certain odor 1n the air,
together with the tins of flux that attracted so much dust. Another smell came from
the tin cans holding the milky looking stuff for cooling drill bits. Sometimes there
was the strong smell of solder and hot plastic insulation. Other times it was plaster
of Paris or hot wax and wet sand. He built a kiln for firing clay, and in the garden
behind the garage, he fixed up a furnace with a crucible for smelting aluminium.
I'm sure many of these things would now be illegal, if not even then. It was all fab-
ulously dangerous.

During school holidays I often helped Ed with the jobs he took to pay the rent.
My hands were always grimy and hurt from small cuts and puncture wounds from
bits of steel, from burns from welding, or from touching things too soon after drill-
ing or sawing. Arc welding made holes in your socks so Ed always wore fireman’s
boots. The soap in the sink added to the smell. Usually it had bits of metal and oth-
er debris embedded in it, which made washing hazardous. Often all Ed could afford
for our lunch was soup made from a stock cube and a small tin of pate, spread on
crackers. The Beatles hit “Help!” was frequently on the radio at the time, so, for me,

Knorr stock cubes and the Beatles are inexorably linked.

Once a week, on Friday nights, we would go to a local spit and sawdust pub for a
half of bitter, watch a local pop band, and eye up the local talent, all bathed in the
then-fashionable ultra violet light. We seldom stayed more than an hour, after
which I would go home to Raynes Park where I lived with my mother.

Ed was fascinated by the grace and beauty of wildlife in motion. He would watch
seagulls for ages, admiring the efhiciency of their flight. The garage had lots of
pigeons around, and Ed would film them on an old wind-up 8mm camera. He had
a litctle hand-operated viewer to watch the results. Their wing beats, especially in
slow motion, were another source of inspiration. The piece of film that prompted

Ed’s move into cybernetic sculpture was shot in London Zoo. It is of a lioness that
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briefly turned to look at the camera and looked away again, totally disinterested. I
remember Ed saying what an impact it would make if a piece of sculpture did that
as you came to look at it. And so, from that little germ grew the Senster, via SAM.

SAM

Ed always thought movement was a perfectly logical development in sculpture, al-
though he was tamiliar with randomness as a mathematical concept and knew about
the computing ramifications of trying to generate random numbers. However, the
random movement of mobile sculpture made in the early part of the twentieth cen-
tury, where movement was the result of wind or water and in some cases light or
heat, while important and of its time, did not satisty him. SAM (Sound Activated
Mobile) came into being as a result of an experiment unconnected with sculpture.
A dentst friend expressed the need for a chair in which he could move his patients
more freely than hitherto. Ed had used a pair of aluminium joints, one that was ver-
tically articulated and another chat rotated from side to side. The movement was
quite small, but by replicating the pair the end result was a much wider range of
movement. The movement came from hydraulic pistons. He carved the first models
in wood. They were cast in aluminum and then machined to fit the bearings and
hydraulics. Finally they were polished by hand using carborundum powder. The
chair was never made, but Ed was very happy with the model spine. I don’t know
when exactly his “Eureka” moment came, but when it did come it changed his life
forever. He realized that he had the basis for a sculpture that would not only move
like no other, twisting and turning, but if it could “hear” the spectator, he could
engineer it to turn and face them. Imagine his joy. He designed a simple cross
made from aluminium rods with a small microphone on each end. The four micro-
phones each had a sound reflector behind. He combined the reflectors into a single
fiberglass structure so that the whole resembled a flower or four-leaf clover. By com-
paring the volume of sound received in each microphone, the direction of the loud-
est sound could be determined, and SAM would turn to face it.

SAM was exhibited at the Institute of Contemporary Arts Cybernetic Serendipity
exhibition in 1968, and was a great success. The reaction of the public was intensely
satisfying for Ed. He loved to watch the different ways people interacted with SAM
and was gratified that a photographer spent a morning taking pictures of the sur-
prised and delighted faces of the spectators. But SAM kept breaking down because
it wasn't very robust; I don’t think Ed had expected so much interest, nor the result-
ing wear and tear. Nevertheless, artistically, he had crossed some kind of threshold
and he must have felt a new confidence and sense of purpose. If it were ever needed,

here was proof of his maxim that the way to “find yourself” is by “doing.”
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The Senster

SAM was a relatively simple device with no computing power at all. It simply
turned to face the strongest sound source. The movement was direct and clumsy.
Ed wanted graceful movement, something that looked natural and animal-like,
something that would look as though it had intelligence and moved for a reason.

His curiosity had been aroused, during a meal, by a lobster arm. Each joint can
only move one way (one “degree of freedom”) so the process of manipulating food
from seabed to mouth is rather challenging. Ed built a wire-frame model to examine
the problem in more detail, and he considered making the model move in much the
same way as SAM. While he was working on the project, James Gardner introduced
the Dutch electronics firm Philips to the idea of commissioning a large version of
the model for their Evoluon building in Eindhoven. This piece would not only
hear the spectator but sense movement as well—a lobster arm with a kind of eye.
The name Senster was coined, representing half sensor, half monster.

Philips rented space in the thermodynamics lab of University College London,
and the Senster was built there. When I left music college, Ed invited me to help
on a part-time basis and I joined the team. Work had been underway for some
time with the help of Salim Bukhari and one of UC’s staff, Bill Gillham, who
assisted with mechanical requirements and troubleshooting.

Ed liked to start early each morning in order to beat the trafhc, but also because
the computer took half an hour to boot up. Philips supplied the computer, which
was the size of a small refrigerator but had orﬂy 8K of memory. All the program-
ming was done via punched tape. Once the boot-up was started, we would go to a
nearby café for coffee. On our return the tape had to be rewound for the next use
using a dedicated winder. Quite typically for him, Ed had taught himself to pro-
gram. There were no books then, only the Assembler code manual that came with
the computer, which gave merely a brief description of each command, and so a lot
of tape was wasted and a lot of coffee was drunk. Happy days.

The lab itself is like a long tunnel with ofhces along one side. The floor is made
from aluminum sheeting that covers a lower level. The hydraulic compressor for the
Senster’s hydraulic system was put on this lower level in a vain attempt to reduce
noise. The lab could be very noisy indeed on occasions with jet engines occasionally
being tested and other machinery left running for days on end. But the side offices,
where we spent most of our time, were fairly well protected from the din. The ceil-
ing was high but not so high that the Senszer could not reach it. There is still a mark
where the Senster lew out of control one day. I don’t remember why, but it is worth
noting here that the reason Ed needed such a noisy and powerful compressor was
because to achieve graceful, controlled movement, great strength is required—ask

any ballerina or concert pianist. To hold something steady that weighs the same as
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a small crane, after it has swished ten feet through the air, calls for a lot of hydraulic
pressure, but not pressure alone; it also requires a predictor circuit. This is what I
feel is the most interesting and significant technical detail of the Senster's develop-
ment. A number of current theories about intelligence suggest that one of the
brain’s mechanisms for dealing with the huge amount of sensory data received at
any given moment is prediction. The super cortex doesn't scan every detail; it is
being bombarded by information (feedback) from all the senses all the time. So it
makes assumptions and predictions based on what it already knows, and it only
takes notice if something changes and reacts accordingly. We all know what it’s
like 1t the bottom step of a staircase is an inch shorter than all the rest. Ed did not
understand that fully at the time, but he realized that the Senster had to have some
idea about when its arm was close to reaching its destination in order to slow down
and not stop with a jerk, and also to react appropriately if new data arrived and
a change of direction was needed. The predictor circuit was the single biggest
challenge—1it took the most time to develop and cost the most lost sleep of the en-
tire project.

A mathematical genius, whom I knew only as “Stan,” designed the predictor cir-
cuit. | had never met anyone like him. He was in his early to mid-twenties and con-
sidered himselt “over the hill.” He had serious doubts about being able to design
the circuit at all, never mind to a high spec. No one, so far as we knew, had ever
made such a thing. I cannot pretend to have understood the half of what he and
Ed considered, but the effort of Stan’s thinking was extraordinary. He seemed to
be in pain much of the time. We built and tested many versions, and it could well
have been an early version that caused the Senster to hit the ceiling that day.

This was a totally different world from music college. (For example, I had never

imagined there could be whole books devoted entirely to screw-threads.) Transistors
were relatively new back then, and the new buzzwords “gates” and “flip-flops” were
part of the new, mystic language of computing that I found terribly exciting. I
needed to use a low voltage soldering iron, which was another thing I'd never
known existed before. Salim and I used to build test versions of the circuits using
the kind of components usually associated with ham radio. If they worked, Ed sent
off for printed circuit boards, which we then drilled and soldered in the necessary
components. These boards were destined for the interface. They plugged into sock-
ets that we mounted on a large metal frame. The reverse sides of the sockets were a
mass of metal pins by which the boards were wired to the Senster and to the com-
puter. We had a special “gun” to connect the wire to these pins. Although the work

was pretty straightforward, in that I only had to follow circuit diagrams and assem-
ble them, I still find it astonishing that the Senster actually worked. Ed confessed
that if he had known in advance just how much work was involved in building

the Senster, he probably never would have started.
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The Bandit

I got married before the Senster was finished, and I had started to make my way as a
musician. Although I continued to work at UC, sometimes I was away from London
for extended periods and as a result, I never went to Holland and never saw the Sen-
ster in the Evoluon building. The success and ultimate sad end of the Senster is docu-
mented elsewhere and I don’t want to enter the arena of recrimination that followed.
Philips and Edward disagreed as to the exact reason, but as I see it, the exhibition
management had not been prepared for the noisy reception given the Senster by the
spectators, especially schoolchildren, so that when at some point the Senster broke
down, they welcomed the relative peace that ensued. Although Ed agreed to go
and effect repairs and maintenance, Philips did not take him up on his offer.
Ed was deeply saddened by this and felt that no one at Philips really under-
stood what a significant piece they had commissioned. They removed the Senster
from the exhibition and left it outside where very little now remains. But Ed moved
on. He returned to UC and worked in the robotics department as a postgraduate
SUpPErvisor.

Originally the arm of a manipulator, the Bandit used a “test and compare” prin-
ciple, not unlike the predictor circuit, to “guess” the sex of the spectator by shaking
hands. The spectator would move the arm, which resembled a “one armed bandit,”
and the Bandit would respond. The next movement from the spectator would pro-
vide enough information for the Bandit to compute the sex of the user. It was correct
about 90% of the time. Ed was amazed at the accuracy because the sample data were
taken from a very small sample: three men and three women picked at random from
the nearby offices at UC.

Facing Death

After he retired from UC, Ed began complaining about discomfort when eating, and
finally his doctor agreed to let him undergo some tests. I remember phoning him
from a call box in central London to find out the results and he said, in a resigned
kind of way, “Yes, it is a cancer.” He seemed to have been expecting it. He was not
afraid of death and after an operation to remove a particularly vicious stomach can-
cer, he said that had he known how his quality of life would be aftected, he would
not have bothered going on with it. He died from a coronary not long after that. In
the time between learning of the cancer and his death, he and I talked more than
ever before. He was anxious to pass on as much information as he could, especially
about computing, and he was very aware that his time was running out. We became

closer than at any other time.
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I feel sad that he was unable to attract the funding he desperately needed to con-
tinue his work, but he was years ahead of his time and only a very few enlightened
people understood what the Senszer heralded. It is only now, thirty years later, that
many of the ideas about art and science that he toyed with are becoming widely
circulated. He wished he had achieved more, but then that was also true of many
other creative and visionary people as they neared the end of life. His real legacy is
the example he set by always searching and being interested in everything. In our
money-conscious society, his is a difhcult example to follow.
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From System to Software: Computer
Programming and the Death of Constructivist
Art

Richard Wright

Today we stand between a society that does not need us and one that does not yet exist.
—El Lissitzky, Theo Van Doesburg, and Hans Richter, Statement by the International Faction of

Constructivists (1922). Reprinted in The Tradition of Constructivism (Cambridge, MA: Da Capo
Press, 1990)

History has not been kind to the constructivists. Unlike the other big hitters of
the modern art movement, they have received what almost amounts to ridicule:
the first artist geeks with their rulers and protractors, polishing their little Perspex
maquettes and planning their rectangular utopias. One can still find artists who feel
an afhinity with surrealism’s uncovering of the irrational, designers who take inspi-
ration from cubism’s fragmentation of space, or radical intellectuals who find a pre-
cedent in the anarchic interventions of Dada. But it seems as though constructivism
has lost its relevance to British artists since the end of the 1970s. Its enthusiasm for
science and engineering has been superseded by the rise of mass digital computing
and telecommunications. In fact it feels as though constructivism has become a vic-
tim of a kind of success story. Many of constructivism’s core values ot collaborative
working and research, of objective process as opposed to subjective meaning, and of
deference to the machine as a source of artistic inspiration have now been absorbed
into the assumptions of current new media art practices and funding strategies in
the United Kingdom.

Constructivist art was an art built not on technology but on technique—on
definable and reproducible creative acts. Its historical development has taken it
through the machine aesthetic of the Russian pioneers, the semiotic systems of the
post-war Germanic artists, the cybernetics of the English and North American

groups, and finally to the conceptually minded systems artists of the 1970s who



tried to capture and harness a single thought as the starting point for a constructive
process. If we accept that this idea of the “programmatic”—the recasting of artistic
work into an objective, reproducible discipline—was a central tenet in constructi-
vism, then it is a little hard to see why the movement should have declined precisely
at the point at which the “programmatic” seemed to reach its fullest potential for
expression: the programming of the digital computer.

Why did constructivists find it so hard to switch from calculators and graph
paper to BASIC and PCs? Was something lost when programmatic ways of working
became wholly identified with the control structures of digital processing? Was
there something in the wider context of the programmatic that did not readily
transfer to computer programming—something that could now be recovered and
used to refresh current software-based art practices that constantly struggle with
the limited imagination of proprietary operating systems, desktop interfaces, and
network protocols?

The First Rise and Fall of Constructivism

The constructive approach is an aesthetic and a technique comparable to montage
as one of the main driving forces behind avant-garde art. Montage values fragmen-
tation, conflict, the staccato rhythm of the machine and opposes continuity and
organic unity. Construction values openness, clarity, and the structuring process
in opposition to predetermined content, completeness, and individual subjectivity.
Yet at various periods these very structuring principles have threatened to become a
new form of idealized content, to close down the depth of its enquiry into a rigid
functionalism or, in contrast, to lose direction altogether and become the generator
of empty optical effects.

[t was at the Congress of International Progressive Artists in Dusseldorf in 1922
that El Lissitsky, Theo Van Doesburg, and Hans Richter issued a joint statement in
protest of its conservatism entitled “Statement by the International Faction of Con-
structivists.” This was the first time that a central set of concerns were identified
under the name of constructivism. Significant is the fact that it was signed by Lis-
sitsky representing the functional Russian constructivists, Van Doesburg represent-
ing the aesthete de Stijl group, and Richter representing the dadaists. One passage
in the statement sums up the basis of their shared interests succinctly: “We define

the progressive artist as one who fights and rejects the tyranny of the subjective in

art, as one whose work 1s not based on lyrical arbitrariness, as one who accepts the
new principles of artistic creation—the systemization of the means of expression to
produce results that are universally comprehensible.”! Right here we can already see

the close relation between order and chaos as existential phenomena of the objective

Richard Wright

120



world, and the root of a productive tension between construction and destruction,
progressive constructivism and anarchic dadaism that formed the twin poles of mod-
ern art's new role in the world. At the same time, the phrase “systematisation of the
means of expression” gives us the central technique by which the new movement
would seek to exercise this role. Its artistic inspiration could be traced back to a
work exhibited seven years previously in Petrograd: Vladimir Tatlin’s sculpture
known as the Corner Counter Relief of 1915. Tatlin's sculpture was both a develop-
ment of Picasso’s cubist fragmentation of space as an aesthetic and also an “opening
up” of the previously unified technique of art-making into a series of manufacturing
operations. In this work not only did he return to reality by including real industrial
materials like synthetic cubism had; he also returned art to everyday activity by
making it possible for the audience to discern how one might go about making
one’s own reliet sculprure from bits of tin sheeting, wooden laminates, rods, and
bolts. This explains an important sense in which a “systematisation of the means
of expression” could lead to those “universally comprehensible” results—as though
it were an IKEA flat pack wardrobe complete with instruction book and a set of
allen keys.

Equally relevant in the Corner Counter Relief was Tatlin’s decision to build the
work across the corner of the exhibition space, a design that built it into a structural
feature of its physical environment. It presaged a central ambition of the Russian
avant-garde: to have their art recognized as both an aesthetic and a utilitarian con-
tribution to the building of socialist society during the 1920s. Along with El Lissit-
sky and Alexander Rodchenko, Vladimir Tatlin labored to demonstrate a role for
art whose aesthetic values were not above the sensibilities of the proletariat and the
commissars, and whose awareness of constructive possibilities could guide the
bureaucrats who were implementing social policy—to inspire the rebuilding of so-
ciety through their “creative processing of practical materials,” as the critic Boris
Arvatov had put it.? But by 1922 their influence was already fading in the face of
hardening attitudes to the conflicting aims of social engineering and artistic experi-
mentation. Over the next ten years the Russian Constructivists were to learn that
Soviet politics is about control, not experimentation. By the 1930s the avant-garde
artists who had remained in Russia had been forced to turn their skills solely to the
promotion of Soviet restructuring or else flee from the threat of the gulags.

Two Russians who had always remained skeptical that the social role of construc-
tivism lay in its industrial utility were the brothers Naum Gabo and Antoine Pevs-
ner. After publishing their aptly named “Realistic Manifesto™ in 1922, they both
left Moscow, never to return. Gabo reached England in 1936 and with the encour-
agement of Ben Nicholson and Barbara Hepworth, married and settled for a while

with a growing community of modern artists at St. Ives in Cornwall. Along with
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other émigrés like Moholy-Nagy and Piet Mondrian, Gabo exerted great influence
in bringing to this backward country the ideas of abstraction in general and of con-
structivism in particular until he left for the United States after World War II.

Of particular significance for us in this early period is Gabo’s seminal Kinetic
Sculpture of 1920, consisting of nothing more than the shape made by a vibrating
wire powered by an electric motor. This work expanded the constructivists’ desire
to open up the artwork in visual terms, yet at the same time introduced an apparent
contradiction in technique that systematic art was to return to in various guises
again and again. Through its rapid oscillations, a vertical wire generates the image
of a “standing wave,” a perceived physical space yet one without physical mass or
solid boundary. At once this work was able to demonstrate not only the dependence
of physical form on structure, time, and motion, but also its construction as an in-
tangible image in the mind of the observer. Yet this was not pursued by Gabo, who
quickly returned to static constructions and the engineering of industrial materials.
He described his reasons for pulling back from the further employment of electron-
ics and machines in an article for Circle: International Survey of Constructivist Art in
1937. He spoke of his fear of “killing through mechanical parts the pure sculptural

4 as though the point of his constructivism' had to be what could be

content”
expressed through the visual form of the entire work. For Gabo, a kinetic sculpture
would at least have to be separated from the distracting appearance of its underlying
engine, cogs, coils, and capacitors. Unlike the open construction of Tatlin’s reliefs,
Gabo just could not see how you could open up the construction of things like
electric motors and still meet the aims of an art based on the visual knowledge of
physical forces. A bunch of electrical parts soldered together just did not express
anything. It was the first recorded instance of what would later become known as

the black box syndrome.
Programming hefore Computers

The influence of the constructivist refugees in England did not come to full fruition
until after World War II. It began in 1948 when Victor Pasmore, a successful figu-
rative painter, shocked his patrons by announcing his complete conversion to
abstraction. In contrast to other forms of abstraction, which were based on abstract-
ing from the visual appearance of the natural world, Pasmore emphasized an art that
originated at the level of abstract creation itself. Later in 1967 he wrote of this need
to search for a new artistic premise “concentrating on the nature of objects and pro-
cesses as ‘things in themselves” whether they be a sheet of paper, a blot of colour, the
mark of a tool, the movement of the hand or the motion of a machine.”’®> Pasmore
meant this art to be founded not on the idealized meaning of visual elements as reli-
giously motivated artists like Piet Mondrian and the Christian Scientist Ben Nich-
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Figure 10.1 Mary Martin working on maquettes for Tidal Movements, 1960. Courtesy Annely Juda
Fine Art, London. Copyright the Estate of Mary Martin.

olson had intended, but “existentially” on the properties of material things and
“what they may become.” The surest way to rid non-materialistic illusions from
one’s art was to reject the plastic idealism of the flat surface entirely, and Pasmore
added his voice to the call to turn to the physical reality of the constructed relief.
By 1951 Pasmore had been joined by artists such as Kenneth and Mary Martin
(hgure 10.1), Adrian Heath, and a young ex-student of Pasmore named Anthony
Hill. Straight away they felt the need to differentiate themselves from the concerns
of the previous generation by calling themselves “Constructionists.” They were not
engineers like Gabo nor were they believers in the pure emotional qualities of pic-
torial form like Mondrian's neo-plasticism or Malevich’s suprematism. It was during
this search for a new direction and identity that the young Anthony Hill emerged
as the chief theorist of the group and started corresponding with three very differ-
ent influences from outside these shores: the Swiss concrete artist Max Bill, the
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American structuralist Charles Biederman, and the spiritual father of conceptualism
Marcel Duchamp.

In 1948 Charles Biederman self-published his magnum opus, Az as the Evolution
of Visual Knowledge.® Biederman presented the history of art as the history of the
analysis of the natural world in visual terms. The main turning point in this history
was in 1917 when Piet Mondrian painted the first full geometrical abstraction. This
achievement was the signal that artists could now turn their attention away from the
appearance of nature and toward the “structural process level of nature.” “In the past
the artist ‘imitated’ the RESULTS of nature-art; today the new artist ‘imitates’ the
METHODS of nature-art.”’ But like Tatlin before him, Biederman’s preferred
methods were actually quite intuitive, as he believed that mathematical approaches
were idealist and would cut off creative development from the external inspiration
of nature. In fact what Biederman really meant by “visual knowledge” was a form
of realism in the tradition of Leonardo da Vinci, a perception informed by scientific
knowledge and directed toward a communion with the natural world.

Eventually Biederman’s identification of objective processes with processes “nat-
ural” in origin proved to be an artificial and restrictive distinction. Anthony Hill
considered the theoretical products of abstract logic to be just as real as anything
in nature and became drawn to the mathematical work of the Swiss concrete artists
Max Bill and Richard Lohse. Their use of mathematics had moved away from the
metrical relationships and geometrical proportions of the pre-war period to a level
that was no longer tied to the visual world. ““The mathemartical approach in contem-
porary art is not mathematics in itself. ... It is'primarily a use of processes of logical
thought towards the plastic of rhythms and relationships.”® It was this that gave the
Swiss artists the theoretical justification to move from constructed reliefs back to
painting. An intangible mathematical object has as much validity in two dimen-
sions as in three.

During the 1950s Hill began thinking in terms of three materialities in art: the
physical properties of the art object itself (which formed the raw materials for early
constructivists), its perceptual properties (which underscored the aims of Van Does-
burg’s neo-plasticism), and something he called its “‘thematics of construction.” By
taking a definition of mathematics as the “theoretical phenomenology of struc-
ture,” 'Y Hill sought to find a new place for an abstract formal language in art by
fusing it into the structural process of creative thought itself, including the artist’s
physical and perceprual sensibilities.

If we look at two works produced during this period we can see some of the ways
in which Anthony Hill and his contemporaries developed the role of rational meth-
ods and paved the way for the subsequent generation of English constructivists. In
1954 Hill painted Orthogonal/Diagonal Composition. It consisted of a four by two

arrangement of white squares with the alternate squares separated by thick black
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orthogonal lines and criss-crossed by thick black diagonal lines. This austere looking
grid betrayed none of the classical concerns for harmony and balance that Mondrian
strove for; it simply was what it was. Later, Hill cited Duchamp as an influence in
this work in that it could be described as a “geometrical readymade.”'! For Hill,
this work represented the appropriation of a mathematical object for an artistic pur-
pose. Unlike Duchamp’s urinals, mathematical objects have no sensory existence in
themselves. Yet although they are primarily theoretical objects, a square tessellation
seemed to have at least a historical reliance on visual perception, as when the Greeks
first studied them in geometrical diagrams to prove their theorems. After all, if no
one had ever drawn a square, would it still have been possible to imagine one in
purely theoretical terms? The square’s visual instantiation had been necessary to
the development of mathematical thought even though its visual properties had
since come to be seen as derived from mathematical structure.

In Prime Rbhythms, a low monochrome relief constructed in 1958, Hill had moved
away from the mathemarical object as such and toward mathematical “themes.” By
“theme,” Hill was reterring not to the subject of the work but to its starting point at
the level of formative structural processes. In this particular work, Hill took all the
prime numbers less than one hundred as his “thematic idea” and used them in a
succession of what he termed “structural modifications.”!? This consisted of opera-
tions such as throwing out all the even numbers, selecting only consecutive primes,
and then a whole myriad of systematic procedures based on “distribution, deviation
and density ratios, equalities and inequalities.”!®> These were always derived with
reference to the visual properties of the relief, such as the use of planar intervals in
order to embed the sequence in the form of two sets of horizontal bands. It is clear
that during the making of this work Hill developed quite an appetite for and famil-
iarity with the pattern of primeness, yet he was at pains to point out that the work
was not about the prime numbers as such. It was simply about what you saw when
you looked at the relief, a particular visual rhythm, prime numbers forming the
“idea in the work as opposed to the idea of the work.”!'* Regarding the significance
of the procedures that he applied to this idea, he said, “Certainly other procedures
could have been found to achieve the same sort of end, but the satisfaction of the one
chosen lies for me in the fact that it had to be worked on and did not involve chance

or ‘aesthetic trial and error’ at every level, nor did it carry with it some notion of

finite ideal order.”' It was in this way of working on objectively defined qualities
and operations that Hill and others were developing a practice that began to remove
the distinction between visual invention and mathemartical investigations.

In the early 1960s Hill began a second career as a mathematician, publishing the
results of his research in mathematical journals. During the early 1970s he was an
honorary research fellow in the Mathematics Department at University College Lon-

don. By this time he had moved away from classical quantitative math to qualitative
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ideas like topology and graph theory as employed in works like The Nine—Hommage
a Kblebnikov of 1976. At each stage in the development of his relief sculptures, aes-
thetic judgments were allowed to favor the direction taken. It was not simply that
Hill chose the most attractive option resulting from a set of mathematical permuta-
tions, but that he adjusted the perceptual properties of the work with reference to
mathematical ideas in order to achieve a bodily perception of their spatial structure.
His works were not like the result of running a program (not even an interactive
program that relies on being steered by choosing from pre-selected options); nor
were they like the visualization of a program through its decomposition into a series
of discrete graphic elements like an elaborate low chart. They were more the result
of a mathematical logic or thematic structure being articulated or realized by apply-
ing the varied refractions of different visual or sensory logics.

It 1s useful to compare Hill with his contemporary, Kenneth Martin. Although
each artist worked with an entirely different set of thematics, they both found ways
to absorb systematic techniques into every pore of their creative thinking. Whereas
Hill started with the theoretical structures of math, Martin started with movement.
During the 1950s Martin started to produce a series of Screw Mobiles and Transform-
ables that were made by applying sequences of transformations to simple metal
objects—typically bars, rings, and rods. The resulting sculptures exhibited the spa-
tial displacements he applied by shifting and rotating them, twisting, expanding,
and contracting them in the form of a progressive series. Rings and bars might first
be positioned in such a way that their relationship defined a set of possible actions or
measured intervals. Sometimes the movements they defined could be described and
replaced by the shape of a parabolic band. Sometimes the descent of a ring was
replaced by a cylindrical extrusion or rod. The eftect of forces like gravity to roll or
oscillate objects when suspended was noted. These domains of movement were
repeatedly exercised, transcribed, ordered by number sequences, transformed into
shapes, and then re-examined for the next stage of development.

Instead of concentrating on what kinds of rational structures could be used in the
constructive process, Martin tried to structure the process itself by recasting each
stage as one of a series of rhythmic changes. In this sense his approach was more
general than Hill's. “To be interested in the kinetic,” said Martin, “is to be con-
sciously interested in sensation as such, for not only is form-making a corollary of

"16 Tt was as though he was trying to

movement, but so are sensation and feeling.
choreograph, as they happened, all the shifts and unfoldings that his mind, body,
and senses went through over the course of a creative enterprise. For Martin the ki-
netic experience was in the practice itself, and he was therefore able to express move-
ment without having to engineer actual movement, thus removing the necessity for
any of Gabo’s hated “mechanical parts.” Although he described his analogue meth-

ods as programmed transformations, it would be as difhicult for us to appreciate
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Figure 10.2 Kenneth Martin with Screw Mobile, 1967. Courtesy Annely Juda Fine Art, London.
Copyright the Estate of Kenneth Martin.

today as if you tried to write a computer program by notating the progress of leaves
falling from a tree in a storm. They were programmed in the sense that “a logic and
a counter-logic are set in operation and the results are accepted,” as his wife Mary
Martin stated.!’ Furthermore, because his transformations were his own acts rather
than machine executions, the experiential difference in making the work would be

similar to that of climbing a mountain versus taking the cable car (higure 10.2).
Wild Systems

In 1969 the former op art painter Jeffrey Steele founded the Systems Group, includ-
ing John Ernest, Gillian Wise, Malcolm Hughes, Jean Spencer, Michael Kidner,
and several others. Many of the previous generation of artists like Hill and Martin
associated with Systems as it continued many of their aims, yet now with a more
conscious emphasis on the constructive process itselt as much as the resultant work.

As they took advantage of the new techniques provided by post-war machematics
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and cybernetics, the scale and complexity of the systems they were dealing with
started to escalate and prompted new issues. The question of whether it was impor-
tant that the underlying system should be apparent in the final work, and in what
sense the system could realistically be called the content of the work, began to
be asked more and more. Artists like Hill and Martin had managed to avoid this
issue by retaining a closeness between their different levels of systematic working.
Another way to prevent the work splitting between a conceptual procedure and a
perceptual result was to follow what Kenneth Martin had advised in 1964, that
“construction must start with the simplest and most practical means and to avoid
confusion aim at the simplest results.”!'® But as the power of formal logic became
more and more sophisticated and prolific, there was mounting pressure to move be-
yond the processing abilities with which the human mind could keep up.

As the different levels of materiality that could exist as a single system began to
multiply—knowledge, documentation, feeling, perception—it become a challenge
to the Systems artists to tie together all these different bodies. For instance, artists
like Gillian Wise and Malcolm Hughes thought it could be revealing to make
visualizations of rational systems and use intuitive “feeling” to help make new dis-
coveries about them. Similar in technique to later applications of computer graphics
in scientific visualization, Hughes described “a relatively unexplored intuitive cre-
ative area beyond the rational, where unexpected linkages are sensed and responded
to by the mind via the senses.”!'”? To test this idea, John Ernest made a series of
sculptures based on modelling the mathematical Mobius strip. Hoping to make in-
teresting discoveries about the relevance of its topological properties to the concrete
world, he instead realized that the sculptures’ properties as physical objects far out-
stripped their status as theoretical aids. Instead of the sculptures having a represen-
tational correspondence to a mathematical object, they were more accurately the
result of the “action” of a mathematical idea upon a physical material. The Systems
artists realized that they were already beyond traditional modes of representational
art or scientific modelling that relied on the consistent relation of ideas, objects, and
sensations.

The Systems Group made a serious effort to compile their discoveries into a col-
lective body of research. They often exhibited working drawings and notes alongside
finished pieces to draw attention to “the course of the investigation.”?° In 1978
Steele noticed that one could collate and edit this material into substantial docu-
ments that had as much significance as the paintings. Other artists such as Jean
Spencer thought it possible to design a work in such a way that it completely docu-
mented itself: “It is possible to display all permutations within a particular config-
uration of grids, and through the complete series reveal the nature of the system.”?!
[t might even be possible to recover the original system from an analysis of the

work. But as the systems of construction strained to become more complex and
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abstruse, this looked increasingly impractical. The theorist Stephen Bann noted that
the system that one sees when one looks at these works might not be the one
that created it but might have a separate character formed by its visual qualities;

“the system of the work is not necessarily the systematic procedure that deter-
mined its creation, any more than the biographical details of the process of fabrica-
tion can be said to establish the way in which the work will affect the spectator

R B R |

emotionally.” =~

Some artists like Steele now pushed ahead in the direction of what we now rec-
ognize as a fully materialist “generative” art practice, including a renewed accep-
tance of the irrational. Constructivism had originally had a close relationship with
Dada through figures like Theo Van Doesburg. Its attitude to chance as an objective
phenomenon was summed up in works such as Hans Arp’s famous collage of 1917,
According to the Laws of Chance, produced by tearing up pieces of paper and letting
them flutter down onto his canvas like drops of rain. In 1972 Steele reformulated
this interest in the unpredictable to fit their program of enquiry—"“To grasp the
full extent and power of systems entails giving as much attention to chance,
deranged, anarchic systems as to those with a more manifest regard for law and
order.”=” Steele suggested that they start building “deranged” systems that would
function 1n place of subjective motivations and personal significances. By examining
the kinds of information that these systems could generate they might find a way to
test or validate them, not for their truth value or meaning but for their productive
capacities, as engines of chaotically fertile invention. Systems could now be freed to
move beyond human categories of order and disorder. To try to constrain them to the
production of comfortable human meaning would be as pointless as “trying to com-
municate by signals with an intelligence on another planet with whom we have no
common experience and therefore nothing to communicate about.””??

W hile some artists wanted to stand back and give the system more room to grow,
others worried that this would weaken the practice of retaining a close personal
proximity between the artist and the system during the course of its unfolding.
There arose a danger that the system would disconnect from the artist altogether,
becoming a completely autonomous machine. An overview of the situation was pro-
vided by Kenneth Martin in 1968 when he divided systematic work into three
types.”” First, there was the completely predefined system that, once set in motion,
could generate work independently of any further artistic input—what we now usu-
ally refer to as generative art. Second, there was the system that, while initially pre-

defined, was constantly altered through feedback, coming into contact with other

systems, etc.—the program is thereby written in conjunction with the work itself.
Third, there is the system that builds up from a primary act without any previous
planning, like a self-propelled aggregation of logical steps—the writing of the pro-
gram is indistinguishable from the practice itself. Martin himself thought that the
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second category would hold the most for the artist because “the act of programming
will be in operation throughout the whole progress of the work.”?¢ For artists like
Colin Jones, a continuous relation between the artist and his system was also para-
mount for a process of discovery to take place; the system would be modified during
the course of the construction of the work and would therefore allow a “continual
meditation (by the artist) on the possibilities of connections.”?” For Martin, the
more the system is predetermined like the first example, the more problematic
things become, not just because of the marginalization of the artist but because of
the system’s distance from the specificity of any given situation— it is difhcult to
predetermine a system for forms whose properties one is in the way of discover-
ing.”’?® What is at stake here is how one can be expected to work with a form of
logic without the direct motivation and stimulus of the object of that logic, such as
its material consequences or its physical or historical situation. One is inventing a
process, not just a program. It is this awareness of trying to retain a purchase on
formal systems as the computer made them more and more autonomous that would

become an increasingly pressing concern.
Program, Be Programmed, or Fade Away

The neo-constructivists of the post-war period had often referred to their methods as
a form of “programming.” Yet despite the mounting complexity of their programs
and the opportunities for practical implementation afforded by computer program-
ming, most Systems artists continued with rulers and graph paper. Later Systems
artists like Tony Longson became keen programmers and Malcolm Hughes went
on to found the Experimental and Electronic Art Department at the Slade School
of Fine Art, becoming a hub of activity for a new generation of computer artists in
the late 1970s. But there are reasons for the reticence of the others, even apart from
the fact that several confessed to finding the discipline of programming beyond their
abilities.

To begin with, formal programming languages made it difficult to mix together
different kinds of logic. Everything had to be reduced to and encoded in the same
terms. The programmer had to formulate his or her task in algorithmic terms, type
in a large body of text that imposed some very unforgiving rules of syntax, and then
painstakingly debug the whole thing. Constructivists were by this time used to
switching freely between different number systems, geometries, topologies, and all
sorts of methods on the informal basis of what was suggested to them by exercising
their shiny Perspex tiles and exploring the plastic possibilities of the picture plane.
To have to find a way to translate an act as fundamental as a shift in one’s mental
focus into Cartesian coordinates and conditional statements sounded stifling. Pro-

gramming offered them little more than the ability to calculate various permuta-
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tions and combinations of elements that were relevant to only a part of their overall
practice.

The constructivists were used to identifying their systems with the concrete
actions, matter, and sensations that had inspired them. Jean Spencer had stated
that “a system cannot be taken out of the context it originated in.”2° The making
of a constructed relief was derived from structuring processes like molding, resis-

tance, mass, occlusion, and the acting of rational operations upon them. Even if
these physical qualities could be simulated through operating computer software,
the systems’ functioning would not be linked directly to the manipulation of the
source materials but would be a limited abstraction of their assumed potentialities.
It was not that the constructivists reliance on tangible processes gave them systems
that were superior or more useful than those of formal logic; the inclusion of physical
and analogue systems gave them a richer perspective on the whole formative process.
Computer programming might have universal potentialities in theory but this very
freedom could become problematic. When objects are digitally defined one must
approach their potentialities from some point of interest in order to avoid becoming
lost in them, as Kenneth Martin had hinted. When one is modelling the properties
of physical metal rods and rings in a computer simulation, one can model any prop-
erties in any way one likes but a particular method must be chosen. And once that
decision is made, the rods and rings themselves tend to be lost as sources of pro-
cedural insight. What, then, the constructivists might have asked, can take their
place?

Some artists did try to use techniques such as interactive sculpture to make com-
puter programming part of a wider system of human behavior and cognition with
some success, such as Edward Thnatowicz's famous Senster sculpture of 1970. The
more complicated these constructions became with all their logical, electronic, and
mechanical components, the more they began to suffer from Gabo’s “black box”
problem of sculptural clumsiness and functional inscrutability. Norman White’s
1977 piece, Facing Out, Laying Low, used photo-electric cells to detect light patterns
and emit tones. Describing himself as “an artist of logic,””” White hoped that it
would be simple enough for visitors to be able to work out its principles by per-
forming little experiments on it and testing its responses. He also encased all the
electronic circuitry in transparent Perspex to encourage users enquiry into its func-
tioning. The programs that controlled these sculptures still remained invisible, yet
the sculptures were clearly not representational pieces that communicated an under-
lying coded idea. But they could not ofter the audience a completely open construc-
tion either and instead moved toward explicating themselves as effects.

It should have been possible to put software into the mix of a wider practice of
systematic art. But computer programming is a jealous mistress. From the begin-
ning of the 1980s, the pressure was on to standardize all aspects of computing for
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mass consumption, and moving all possible functions into software was a cheap and
flexible way of achieving that. Software would now automate all possible operations.
Instead of seeing manual dexterity and gesture as a way to structure process, inter-
action was reduced to the input of parameters or a direct mapping onto pixel values,
as in “electronic painting.”?! These tendencies were reinforced by the development
of interface models and stabilized by the menu lists, parameters sliders, and icons of
the modern windowing environment. The computing environment become more
and more oriented toward electronic forms of display, individual workstations, and
the standard computer lab provided by university learning resources. By the middle
of the 1980s computer-based art was largely produced on desktop boxes and con-
sumed through desktop boxes. It was hard for many artists to find much enthusiasm
for a visual space that was increasingly colonized by unsympathetic interests.

Through the increasing dominance of structured programming styles, the com-
puter began to absorb all systematic means of expression, encoding them into mac-
ros, object classes, libraries, data types, and file formats, categorizing and separating
them out into myriad sets of structural elements. The granularization of the creative
process into logical decision making impeded its natural flow. The more intimate
one gets with coding the more narrow one’s practice threatens to become due to
the kind of expertise required—having to relate to each proprietary component of
a system through its technical specification rather than its technical potential. The
Systems artists could not use the intimate physical and perceptual qualities they
were used to as a basis for their investigations in programming languages, and this
lack of bearings threatened to turn the unfectered formal power of computer logic
into a blizzard of arbitrarily designed information ordered only by contingent com-
mercial agendas. Some of these issues had been foreseen by the neo-constructivists as
early as the 1960s as they attempted to structure each nuance of their working pro-
cess with greater and greater exactitude. The Systems artist Gillian Wise had writ-
ten, “Working with a concrete form with discipline . . . leaves one more conscious of
the irrational or non-rational element in taking decisions, and, in making very pre-
cise choices, the range of possibilities often seems overwhelming.” >

Yet some artists were willing to throw themselves into the maelstrom and take
on the strictures of the code. In 1978 the computer artists based at Malcolm Hughes's
Experimental and Electronic Art Department published a catalogue of their recent
graphics and sound work with the help of Jean Spencer. Working Information featured
pieces including Chris Briscoe’s generative audio, Darrell Viner’'s animations, and
plotted graphics by Peter Beyls.”> The following year there was a student show,
EXP at P.C.L., featuring Paul Brown’s computer simulations, Stephen Bell’s inter-
active graphics, and perceptual studies by Dominic Boreham.?* Visually the work

was more formally sophisticated and texturally richer than previous Systems work,
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but most striking was the sheer quantity of graphics and audio that was now being
produced; it approached a continuous torrent of sensory data.

This was the most obvious change in programmatic art as it entered the 1980s—
it came to be about images. Jagged lines were anti-aliased, planes were shaded,
spline curves were smoothed out. The increasing continuity of the visual surface
now possible in computer graphics made it difhcult for the resulting image to retain
an identihable connection to the program that generated it. But in the period be-
tween this loss of representational function and the move toward visualization there
lies a certain form of numerical image that asks to be accounted for. This is the kind
of image that flourished in SIGGRAPH art shows, IMAGINA conferences, and
glossy coffee table books like The Beauty of Fractals.® In order to construct this
kind of image, data was “grabbed” or “captured,” plotted, extrapolated, extruded,
and massaged by dozens of algorithms, then ray-traced, smooth-shaded, and printed
by the Cibachrome method. This image was the result of collections of different sys-
tematic components yet without following any actual system; it was guided instead
by executive opportunism, scientific curiosity, engineering prowess, and artistic con-
fusion. For some viewers the reaction was to impute to it a symbolic content, becom-
ing a sign for technology without telling them anything about it. For others it
seemed to float free from liabilities and significations entirely, its strident visual
qualities standing alone for its raison d’etre. It is this lack of connecting that made
the numerical image another factor in the alienation of the artist programmer.

By the early 1980s, the older paradigms of cybernetics and ecology were out-
stripped by the more internal issues of modelling, representation, and meaning. As
if in rehearsal for the conversion of the bureaucratic society into the information so-
ciety that would occur over the next twenty years, computer artists turned from the
original resolution of the post-war English constructivists not to abstract from the
world to a perverse version of Biederman's realism. This time they were not abstract-
ing from the “structural process’” level of nature but were implementing and mixing
different models of nature—not so much with the aim of gaining knowledge ot na-
ture but as a way of giving a direction to the formal freedom the computer had
unleashed. Scientific models were hacked until they contributed only the required
operational components, a montage of physical laws, mathematical calibrations,
and logical grammars. Biederman’s realism had returned as a formalism. By mim-
icking a set of realistic styles and conventions, computer art could create a familiar
reference for its arbitrary generative power. It was now a matter of systems model-
ling other systems and becoming increasingly rarefied.”®

The work of Harold Cohen is a good example of this search for a new basis for the
constructive process under the absolutism of code. In the mid-1970s Cohen decided

to give up his career as a successful painter and turn to programming ftull time. His
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aim was to reproduce his practice as a painter using artificial intelligence techniques.
He wrote a program called AARON, which could control a small device to paint
simple marks, fill in shapes, sketch textures. Cohen sought to recreate himself as
an “expert system,” using a model of artmaking as a process of cognitive develop-
ment. He built up a series of programming functions that could construct a plausi-
ble painted image from scratch. Yet in the end the project failed in its original
objective—it was not possible to tell from the image what was the cognitive func-
tion any particular element.?’ The program was in fact more the simulation of
markmaking, a Turing test for painting. This was the new performative mode of
knowledge, a behavioral technique that produces the required results but without
any explanatory value. Cohen had succeeded in substituting the inexplicable psychic
volitions of the artist for the empty performance of the simulation. Instead of
remaining so resolutely humancentric in his focus, Cohen could have taken advan-
tage of this discovery and recast human drawing as a subset of machine drawing
thereby allowing us a much wider perspective on drawing’s possibilities (a tactic
that Jeffrey Steele might have approved of ). Machine logic undermines subjectivity,
knowledge, and authenticity by copying them, but without offering an alternative
to those categories the power to copy and to manipulate that copy then becomes
equally as dominant. Because it never found this wider context, Cohen’s work,
which had at first functioned as an effective critique of artistic subjectivity, had by
the 1980s paradoxically reinforced the new anthropomorphic and metaphorical
approach of the desktop interface design as the default strategy.

The Systems artists were well aware of the tradition in constructivism of applying
aesthetic inventions outside of the domain of art, most commonly to that of archi-
tecture. But with the possibilities of using the computer’s instrumentality closed to
them, their insights led them into a practice that was both more ambitious and
more introverted. When considering the lack of a suitable route for the social dif-
fusion of their ideas, Jeffrey Steele lamented in 1978 that “this particular function
remains symbolic and the present social use of this art is mainly critical and
didactic.”?® This painted them into a difficult corner, for constructivist artists were
also ideologically constructive—progressive and utopian, they believed that it was
the destiny of artists to make a contribution to advance society’s well-being. In con-
trast, the rising force of conceptual systems artists like Sol LeWitt and Adrian Piper
were more openly critical and oppositional, self-reflexive and increasingly ironic. En-
glish constructivists like Roy Ascott and Stephen Willats, who were closer to this
conceptual approach, survived better, able to adapt their practices to a wider range
of technological and discursive contexts. So too did the computer artists, who, in-
stead of architecture, eventually found a practical outlet that could support their
hunger for complexity and scale in the form of television and the advertising indus-

try. But for the Systems constructivists, there was nowhere left to go. Unlike the
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conceptualists, they were still resolutely visual artists, yet unlike the computer
artists their intimacy with and erudition concerning “the system’ was usually too
great to allow a recalcitrant machine to come between them.

The System of Software

It was the Internet that finally recreated the computer as a mass medium and
brought with it a new technology, a new audience and a new system: the network.
Since the conduits of society had been replaced and restructured using the fiber op-
tics and ADSL of information technology, programming could more fully become
the subject of a systematic art as well as its technology. Everyone now has to use
software to work, to communicate, to spend their leisure time. By the end of the
1990s this shitt was finally recognized in the emergence of “software art.” The for-
mation of subjectivity and social relations were now within the domain of software-
encoded exchanges.”” For this reason software art has seen itself within the tradition
of media art or conceptual art rather than the progeny of constructivism. Computer
art has acted as the engine of this historical transition yet without passing on its aes-
thetic agenda.

Bur chis mass integration of computing has also brought mass normalization—
the homogeneity in patterns of usage, streamlined design templates, reductive inter-
tace models, and restrictions in access to information. Whereas during the final years
of the twentieth century these forces were the subject of conflict and critique, within
a few short years they had settled into universally accepted strictures of browser
navigation, digital rights management, search engines, and the standardization of
object-oriented functionality.*® To oppose these edifices much faith has been put
in practices like Free/Libre/Open Source Software (FLOSS), yet without a creative
agenda its main achievement to date has been the LINUX development platform
for an audience conditioned to expect free imitations of Microsoft applications. In
the art world the dominant aesthetic of conceptualism 1s also ill-equipped to deal
with the demands of software culture. The success of software and software art is
dependent on the material contingencies of its deployment and perception, not on
an appreciation of the idea behind it. Its extreme sensitivity to “look and feel” and
other unforeseen consequences of actual use makes 1t impossible to decide what 1s or
is not essential to the purposes of the concept. We have now gotten to the point
where critics evaluate software-based art by reading press releases, without looking
at or engaging with it directly, despite the fact that as software it is uniquely acces-
sible for being experienced or applied in a wide variety of day-to-day situations. Like
conceptual artists, government-sponsored agencies and corporations use code to con-
struct social reality in isolation from the full implications of that reality. And the
means by which that code is itself constructed through the discipline of software
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engineering is also guided by standards designed to achieve industrial and commer-
cial efficiency.

The systems of the 1970s were about process; computer programming was about
control. Software is about fitting in, observing standards, listening to the message
queue, relinquishing control over context. Under these conditions, where does the
artist’s system end and the computer’s begin? The proliferation of materialities—
codes, interfaces, platforms, and output devices—creates confusion about where

the focus of our attention should lie and how to keep the construction open under
such conditions. As Christiane Paul wrote in 2002, “While every art form may be
processed and mediated in one way or another, it usually does not constitute a fusion
of fundamentally different ‘materialities’ ... as software art does.”4! Yet fused they
are, and it is in the tracing of the passages and leaks between these levels that the art
of the system now lies.

Conclusions

The systems artists were the last programmers before the digital computer, the
machine made that practice synonymous with its own functioning. Through their
intimate proximity to the many varieties of order, it was as though they trained
themselves to act creatively like a species of computer, internalizing procedural pat-
terns and abstract logic, and running them on their own wetware. They absorbed
the programmatic into the very core of their thought processes until the logic of
series, modularity, and permutation became an indistinguishable part of their per-
ceptions and sensibilities. But for an audience, the work could be as inscrutable
as the most introspective of subjective art, as though each work were in a private
programming language, emphatic yet utterly remote, produced by “an intelligence
on another planet.”#? At times the Systems artists seemed half-paralyzed by the
struggle to wrest every decision from the guardianship of order without resorting
to the blindness of subjective intention. Theirs became a hermetic practice, a faint
reminder of a kind of deliberate psychic objectification that has not been seen for
hundreds of years, perhaps since the alchemists of the pre-Enlightenment era iden-
tified their own subjective inflections with the drama of chemical experiments. This
is why Anthony Hill once described himself as a solipsist. Like an adept, Systems art
required a mental atctunement to a discipline of thinking that was largely limited to
a process of personal development for the artists themselves.

Without the ability to share and disseminate their techniques more widely and
without an external context for their work that was familiar to their audience, the
Systems artists’ diversification of the “programmatic” turned in on itself. It might
have helped to return to the constructivist tradition of looking outwards and seeking

a concrete effect in the external world. It is exactly this practical process of testing,
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deployment, and dissemination that is now easier for software-based artists due to its
integration into the technocratic infrastructure.

Constructivists did retain a belief in the power of aesthetic and sensory perception
to make a significant contribution to knowledge beyond the theoretical or cognitive.
“Precise feeling™ can tackle problems that reason cannot formulate.*> And Systems
artists in particular integrated formal language into creative thought to the degree
that an artist can reclaim the rational as part of a more heterogeneous intuitive prac-
tice. There is now a tresh desire among artists to open up the wider expressive po-
tential of formal logic and abstract machines beyond the atrophied state of software,
to make code directly perceptible, embodied, affective. Can a systematic means of
expression bring the operations of modern software within the human distance that
the Systems artists enjoyed, yet retain a relevance to the complexities of the net-
worked society? Can we use the wider range of expressive means that are now avail-
able in digital media to get this kind of practice out of the artists’ heads? It is at this
point in history that the problem of how discursive categories arise from computa-
tion, of how conceptual structures and mathematical themes might be realized in a
form that has a relevance for the uninitiated might become more tractable.
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Reconfiguring

Harold Cohen

This part of a much longer story begins in September 1968. It was just days after I'd
arrived at UC San Diego, where I had gone for a one-year visiting professorship—a
visit that did not end, in fact, when [ finally retired from teaching a few years ago. I
was showing some silkscreen prints I had brought with me to the chair of the Visual
Arts Department, Paul Brach. "Hey,” he said, “I should introduce you to this kid in
the music department who's into computers. He could help you do some new stuff.”

Computers’ Evidently he thought he had seen something in the prints that
prompted the remark; cthis was odd, considering that neither of us had a clue about

what computers could, or should, be able to contribute to artmaking, and that nei-
ther of us could have called to mind a single example of an artwork made with a
computer.

Computers?/ Sure, why not?

The next day a scruffy individual with a recorder poking out of his back pocket
walked in while I was talking to Brach again. Jeff Raskin was a graduate student,
apparently having completed a master's degree in computer science from some-
where back east. “You two should get together,” said Brach, “famous artist, crack
programmer. ..

“I'm not doing anything for you,” said Raskin.

“Don’t recall asking you to,” I said.

“On the other hand,” he said, “I could teach you to program, then you could do
everything for yourself.”

“Sounds okay,” I said.
“When d’you want to start?” he said, looking kind of dubious.

“How about tomorrow morning?” I said.



And so it began. Raskin’s goal in life—self-proclaimed, with recorder accom-
paniment—was to teach programming to everyone in the world except computer
scientists. But he’d never really thought through what teaching programming re-
quired and he proved to be less than inspiring as a teacher. For six weeks he talked
flowcharts, lowcharts, nothing but flowcharts. Then one day, having perhaps come
to the end of what he had to say about flowcharts, he walked me over to the cam-
pus’s computing center, a bedlam of clanking card punches and strange machines
(the purposes of which I could not begin to guess), and not a computer in sight.
He handed me a duplicated manuscript. The cover page said “DITRAN Manual.”
He mumbled something about my being ready to start, and left. DITRAN was, ap-
parently, a helpfully diagnostic version of FORTRAN, the programming language
spoken by the university’s computer, which, I soon discovered, lived in its large air-
conditioned sanctum away from the damaging fingers of ordinary folk, tended by a
staft of high priests and temple servants.

I opened the manual. I could not understand a word.

Was I going to be defeated by this gibberish, having endured six weeks of flow-
charts? 1 came close. But I knew I had to give it my best try. I took the manual
home with me. I resolved to read it slowly, sentence by sentence, and not move on
until I was sure I'd understood each sentence, even if I had to read it a dozen times
(as I