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I. A NEW FORM OF MAGAZINE

CYBERNETIC is a new form of magazine, to be published
by the American Society for Cybernetics in cooperation
with the Smithsonian Institution; more precisely, it is a
magazine in formation but not yet information.

It is a magazine about pattern and forin, about pattern
recognition and the comparison of related forms. And it
will address a critical issue in contemporary science and
society; i.e., that our ways of thinking and speaking about
the changes we perceive, and our models of how change oc-
curs, are frcquently not rich enough to describe and man-
age the complexity of the world we experience.

Our science, and language, scem better fitted for under-
standing quantities and objects, than for accounting for
patterns and processes. The tendency, in our language, to
identify dynamic processes with nouns, as if they were ob-
jects, contributes to this problem (for example, when we
use the word “mind”, we cannot point to any correspond-
ing object; but the noun implies that there is one, which
tends to obscure the nature of mental processes). William
Blake addressed this type of confusion in his poetic dic-
tum: “May God us keep, From Single vision and Newton’s
sleep.”

A cybernetic approach to complexity has many roots and
many possible descriptions; but a few brief quotes, from
different points of view, may serve as an epigraph, setting
forth the style of the new magazine.

William Kingdom Clifford, a 19th Century matheinatician,
turned to art for fan image of mind\as a process: “Just as
a sculptor clears away\from a block of marble}now this
piece and now that, making every time a separation be-
tween what is to be kept and what is to be chipped off,
till at last/all Xhese chippings manifest hat
ranfthrough{them, and the finished statue as a
whole. a positive thing made up of contradictory
negations;so is a conception formed in the mind.”

norphologist D’Arcy Thompson urged a similar de-
sign |principle on fellow biologists carly in this century:
“Welinust learn from the mathenatician to eliminate and
discard;jto keep the type in mind and leave the single case,
with all its accidents, alone.”

And the carly eyberuetivian and psychiatrist, Ross Ashby,
an aphorism: )*Pattern recognition is
a throwing awayfol mformation. [Any Device that can lose
information(@in generalize.” (CYBERNETIC is designed to
be sucl a devicer\a magazine)that assists its readers in
losing iuformation.

put these ideas into
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“stored”, and “retrieved”) aud replace it with the concept
of informing, a cognitive activity. At present, a seman-
tic confusion about information is perpetuated in terms
like information processing, information society, informa-
tion technology, and information revolution. This confu-
gion can be traced back to World War II when Norbert
Wiener, Claude Shannon and their collcagues, studying
the reliability of signal processing systems used to transmit
commands, were formulating information theory. They de-
veloped an expression equating the uncertainty removed
from a system with the information gained; but, while they
could measure the probabilities of the symbols to be trans-
mitted, they did not make a critical distinction between
these signals and the bchavior of the recipient.

Since, in a wartime context, the command s the informa-
tion because it is to be obeyed, if a recipient had thumbed
his nose at the system, it might have been obvious that
the “information” was in his understanding, not in the
signals. In the context of an emerging information society,
it is necessary to have a language and a logic that make
this semantic distinction apparent, and that bring out the
implications of treating information as commmodity rather
than as a cognitive process. If langnage obscures what we
mean by “information”, we may not know what kind of
society we are making.

Getting Control of Language

A language of quantities cannot reveal the patterns of
change, Gregory Bateson warned. “What we need is a lan-
guage of relatinns and not a language of ‘its’. We should
get language into a place where we can use it, and not be
steered hy it.”

CYBERNETIC is designed to bring forward the original is-
sucs of cybernetics that arose in connection with the lan-
guage of observing. describing and explaining purposeful
systems (e.g., systems that can observe their own behav-
ior). Obscrving a system that i~ obscrving itsclf entails
a nesting of problems of self-reference that language may
obseure: e.g., the purpose of a system, the purpose for it,
and the purpose of olserving it. Such distinctions becoue
useful when the purpuse of obsecving is to sce the relation-
ship between instructions and the embodiments of those
instructions, or goals and the achievement of these goals.
To this end, the wmagazine will cmbody an original netion
of cyberneties: circular causality.

The First Issues of CYBERNETIC

The tirst issues of CYBERNETIC are in preparation, and
are devored o topies fhat can be viewed from different
pei=peetives in the sciences. bumasilies and arts, This
progpectus will forra the spine of $he frst e, anguiented
by the work of coutribaiting desivners, arti=ts, poets. wud

selentists: imformal reports on mow research taking direc-
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tions described in the prospectus will range from work on
computers, the nervous system and cognition, to the ficlds
of animnation, music synthesis, multivalued logic, and dis-
orders of language.

Future issues will include:

The Conversation Theory of Gordon Pask: including an
account of Pask’s machines and methods, and his theory’s
relevance to decision theory, expert systemns, artificial in-
telligence, computer-aided learning, and the understanding
of language.

“My own criteria are unashamedly aesthetic,” Pask ob-
serves. “Conversation Theory (or any equivalent rival)
sets the arid particularity of traditional studies into a more
beautiful context. Either it transforms the meaning of ‘sci-
entific activity,’ or (as you prefer it), ushers in an age when
‘science’ subsumes art and politics, without degrading ei-
ther persouality or the quality of creative action.”

The Translation of Poetry and Problems in Semantic Com-
puting: including a transcript of a conference of poets,
linguists, critics, and computer scientists; with metacom-
mentarics from researchers in fields of semantic computing
and knowledge representation.

“Poetry,” one critic has observed, *is what gets out
of the translation.” The problems that arise in mapping
of meaning from one natural language to another throw
light on the nature of langnage, and on attempts to de-
velop computers with an ability to “understand” natural
language.

Visual Language Issue:

New Perspectives and the Seientific Method. “Discover-
ies,” Ramon y Cajal observed, *are lavgely a function of
the method vsed.” This issue will include contributions
from scientists in many disciplines on the evolution of the
“scientific method” and curent models that account for
observers aud what they obhserve; with metacommentaries
from the hnmanities and arts, A complementary section
oit “new perspectives and the artistic method” will explore
other metiiods of discovery, with metaconuentaries Irom
the scicnces.

Pask

an overview of the full range of
visnal symbol systems, including the written word, sci-
entific diagrams, informal sketches, interactive computer
graphics, subway maps, mathematical notation, and musi-
cal scores.

Somctimes the written word is not the best way to com-
municate an idea. For instance, words can talk about circu-
larity, but they cannot be circular, at least not within con-
veational typography. Unfortunately, we often use words
to talk about the linitations ol using words, and thus end
up writing in circles. The visual language issue will gain
perspective on the written word by sceing where it breaks
down.




Editorial Policy

CYBERNETIC will be an occasional publication, becoming
quarterly as the level of financing permits. Sometimes,

tape will augment print to present new ideas in music, in-
terviews and conversations among contributors. Through-

out the past year, correspondents and crities from disci-
plines as diverse as computer science, linguistics, neurobi- ==
ology, history, anthropology, architecture and design, and
management (Appendix A) have actively contributed to
drafting this prospectus—an interdisciplinary process that

will continue in making the magazine.

In this process, the definitions offeditor
the conventional ones. An editor’s function is usually to Cha‘nge.fo
gbeetlc the processes of thought, correction and revision <« C'Gr IFY
underlying the finished product that is published. How-
ever, in making CYBERNETIC a sclf-referential magazine
in style and substance. form and content, the editors view
their function as exposing the processes by which under-
standings develop and are arrived at, in order to stimu-
late differences that lead to continuing conversation, rather
than agreements that end the discussion. As participants
in this process, the readers can be defined, not as observers
f what is published, but as the editors of the editors.

The editors adopt as their standard the cxpression of Lud-
wig Wittgenstein: “What can be said at all can be said
clearly...”

The Role of Visual Language

———
In the quest for clarity, CYBERNETIC will draw on new con- C \{B ek NeT‘_c
cepts in visual language, adapting and applying research
in computer graphics, animation, visual mathematics, and
related fields of design science, as well as conceptual and
cybernetic art. Designers are ordinarily brought into the
magazine process to illustrate and decorate the already
completed text. Magazines which are primgrily-eerctiie ‘
with design ideas frequently JreversejThe process, and are —
aimed at desizn professionals. CYBERNETIC has, from its
imception. grown out of conversations that included design-
ers and visual thinkers in different fields, and its pages will
refleet a contining interaction of contributors, editors and
designers, Many of the problems addressed in the maga-
zine present diflicultios in visualizing comngalex relationgd
1w search
coplex information

systems of more than two or
for betier visnal representations o
will be a major goal of the magazine.

Among the editors and vontributors will be representa-

tives of graphics laboratories concerned with extracting

new information from raw visual data, as well as with new vJ

forins of display for what is already known (e.g., araph- sko é
‘L, Los Alamos. Lawrence Laboratories,

Visuad Lavinage Workshop and Cen-
isual Studics, Harvard’s Design Science

ics labs at the .
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il. CYBERNETICS, COMPUTERS AND COGNITIVE

SCIENCES \J/%

A History of Schisms and Reconvergence

In recent years, cybernetics has not been widely perceived
as a solution to anything, and the field has seemed to lack
its original coherence and purpose. Those who describe
themselves as cyberneticians will come up with different
definitions of what the discipline means to them; indced,
rarely has a word meant so many things to so few people.
Why, then, should cybernctics be the appropriate core con-
cept, and this new magazine an effective heuristic device,
for making connections among the sciences and other dis-
ciplines in a society that sometimes feels threatened by its
scientific achievements? The editors believe that the an-
swer lies in the history of the split between cybernetics and
those disciplines concerned with computers and cognitive
processes that branched off from a cybernetic background.
What was lost in these schisms was what Gregory Bateson

called "‘the pattern which connects.”

The informal account that follows is aimed at answering
the question: “Why CYBERNETIC?” The trajectory of the
answer will also describe the editorial domain of the mag-
azine, and its goals.

The original appeal of cybernetics to scientists, and to
humanists interested in technology, was its value as an
approach to understanding complexity. But cybernetics
laid the groundwork for new computer and communica-
tions mechanisms that have vastly increased the world’s
complexity, while the development and understanding of
underlying concepts have not kept pace.

When general purpose computers became available in the
1950, a split occurred between scientists who made these
machines their models and simulators of intelligence, and
the cyberneticians who preferred using conceptual tools of
forinal logic a.:nd mathematics te perform their “thought
experiments.” This split might thus be viewed as a schism
hetween philosophy and machinery, a state of affairs un-
fortunate to both sides.

Currently, in disciplines like computer science, artificial
intelligence. neurobiology and cognitive sciences, the old
eyberneties is remenbered wainly {for producing a curious
array of mechanical mice, rats, and turtles that could be
conditioned to exhibit simple adaptive behaviors, and has
acquired a bad reputation for concepts that have not yet
been fully developed or nnderstood.  Cominon responses
dizrniss cyhernetics for its carly cmphasis on fredback as
ihe solution to all problems. or its too tight analogics he-
tween digital computers and brains, or its too rigid con-

copts of control,

Concurrently, luter reseurch by eyberneties of potential in-
terest to people engaged i compater aud cognilive re-
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search has been largely overlooked, at least in the U.S.A.

In this category are studies of relational structures for se-

mantic computing (Biological Computer Laboratory, Uni-

versity onow being expanded in the
Tifth Generation Computer Project; and expert systems

and data bases mapped onto recursive nets (Gordon Pask)

being implemented in research for the U.S. Army Research

Institute and thdmira.lty. At least as significant

is the body of cybernctic rescarch in mathematics and logic
(e.g., Ron Atkin in England, Eduardo Cianiello in (taly)
Gotthard Gunther in Lars Lofgren i w
Carl Adam Petri in Germany) that could lead to new de-
signs for computing in concurrent or parallel rather than
serial computer architectures.

While it is a commonly held viewpoint among computer
scientists that compmter scientists have access to the best
machines available and are in the best position for test-
ing new ideas, from a cybernetic point of view the rapid
development of powerful computers, for all their benefits,
appears to have had an unfortunate conseyuence. As is
apparent in the history of scicnce, once instruments are
developed to help answer a question, and as they are im-
proved, the research may become driven by the logic of the
instruments rather than by the logic that led to the ques-
tion. To the extent that this has occurred, cyberneticians
see computer science as influencing cognitive research with
serial-processor-based lincar models of brain function and
behavior.

The increasing interest in computer science resear
models using semantic uets, context-setting fr
von Nenmann and parallel processor archites
as the recent interest in non-linea
system, indicates that the carly schism may be disappear-
ing, and aprocess of mutnal re-cognition may be useful.

For cxample. many cyberneticians would agree that Nor-
bert Wiener’s original concept of control is too rigid. In his
last years, Wiener camec to regret the emphasis on and use
of his control languge: he perceived there was a deep need
for distributed coutrol models with no identifiable locus of
control. Wicner’'s close colleague, neurophysiotogist War-
ren McCulloch, extended this concept with an analogy in
which the first elemcnt to receive information was the com-
mander. A shifting locus of coutrol was suggested in Me-

30

Culloch’s “Principle of ‘uf polential command
where information constitutes authority.” He cited the ex-
awple of the where the Japanese were de-
feated partly beeause they destroyed @U.S. llagship carly
in the battle. @B result, wherever the Japanese attacked,
the local cogunander who g irsi assumed author-
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For example, many cyberneticians would arree that Nor-
bert Wiener’s original concept of control is tvo rigid. In his
last years, Wiener came to regret the emphasis on and use
of his control languge: he perceived there was o deep need
for distributed control models with no identiﬁnblc-
c 1. Wiener's close colleague, neurophysiologist War-
@ McCulloch, extended thE(mccpt with an analogy in
which the first elemient to receive information was the com-
mander. A sl@®ng locus of control G supmested in Me-
Culloch™s “Principle of redundancy of potential command
wheregaformation constitutes authority.” He ci;”u: ex-
the Battle of Midway where the Jupanes@®ere de-
artly becnuse they destroyed the U.5. fagship e
rattle, As a rf':::nl!.- the Japanese ¢

the local cominander who saw them first assume
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Distributed control models are now beginning to appear in
many areas of neurobiology. for example in Leon Cooper’s
distributed theory of memory, in Terrence Sejnowski’s in-
formation processing model, and in David Marr’s research
on vision. Gerald Edelman’s current research with a pair
of unprogrammed automata (named Walloce and Darwin)
which can exhibit associative memory, moves away from
all instruction or inforination processing models of the ner-
vous systemn, pointing toward a heterarchical rather than
a hierarchical structure.

There is an cmerging view of the brain, Scjnowski ob-
serves, “that is probabalistic rather than deterministic, in-
herently distributed rather than local, and dynamic rather
than static. Unfortunately, our experience with probabal-
istic, distributed, dynamic systems is limited. Even sim-
ple examples and models would help us grasp the brain’s
complexity.” Despite the brain's formidable complexity,
Scjnowski adds, “its design principles need not be compli-
cated.” But there are less than adequate means and media
available for comparing new models with analogous mod-
els in other disciplines, even as closely related as artificial
intelligence.

Distributed control models have arisen in artificial intelli-
gence rescarch at least since Oliver Selfridge’s 1958 Pan-
demonium program of distributed demons fighting for at-
tention. Marvin Minsky’s and Seymour Papert’s society
of minds concept, Carl Hewitt's actor models and Alan
Newell's production models are among the other, more re-
cent approaches to linguistics, motivation, pattern rccog-
nition, learning and memory, and other problems of cogni-
tion being studied by artificial intelligence research.

Gordon Pask’s cybernetic approach to these problems
abandons the conventional T/F truth value logic implicit
in all these cfforts, and adopts a ninlti-value logic for mod-
eling “agrecient” and “consensus.” which cannot be im-
plemncuted with a simple true-false logic. Even the a-
synchronons data-flow models and non-von Neumann ar-
chitectures now being developed Jdo uot address the issue of
the computing circuitry at this Jundamental level of logic
design.

The developers of these advanced models in neurobiclogy
and actificial intelligence (as vel! ag their eybernetic conn-
terparts) have less discourse with each other than they
would like, and should have, and t}
media for looking at the mnorgg
involved. or their poteutial a]n

e are few available
Plesiun principles
wation to the comnplex-
ity of social systems. This appears to he an arca where
CYBERNETIC could make & contribution by creating new
opportunities for disenurse,
e
I hisrory Las divided the disciplines, however, wore than
this bistery o keeps them aparte The diflerenees that

cinsed 11 split between cyberpetios ol ether camputer-

crienied sciences are now deeply erbedded in lngoage,
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Much of the cybernetic research that appears relevant
is presented in idiosyncratic vocabularies and formalisms
which create barriers to understanding even among cyber-
neticians. On the other side, cyberncticians see a per-
sistent semantic confusion of(Which
otherwise would be termed superstition) in the language of
artificial intelligenee-for example, the confusion ol

with cntioned earlier, also the confusion of

xe 5 bermietic definition of ar- § : . . Qﬂ Ce
tificial mtell.lgence would be “an artifact that can make ar‘t"f{ Cla’l [{f['rgl [ lg

us more intelligent.” (This view is also reflected in the

Japanese Fifth Generation Computer Report, 1979-1980:

“Fifth Generation computers can play an important role in 2 ; .

amplifying an intclligent ability which only mankind can amp l le [(/Lg lﬂTe H | geﬂce

have.”)

Subjectivity and Science
The editors of CYBERNETIC believe that such differences

in point of view and langugge d nnow become a yalua abl O\jerboked (d EFF&(EVI@S)
resource, and should b /1 =~

A comparison of conccjs—and procedures in & Q/

plines with related problems might give readers a useful I
tool for re-examining their assumptions. Scientists tra- d e L/G[ Opm
ditionally have left the philosophy of science to philoso- *
phers, but cybernetics reverses the traditional relationship
betwecn science and philosophy.

The usual mode of correction has been for philosophers to
correct scientists when their work is in some way faulty or
clumsy. Now cyberneticians are beginning to tell philoso-
phers when their work has shortcomings that have caused
problems for science. The philosophers may be nervous
about this new circular relationship, but the widespread
epistcmological ferment in many fields of natural and so-
cial science, and in humanistic disciplines including the
arts, invites a fresh look at the basic assumnptions currently
considered “scientific.”

Some researchers in psychology are using introspection as
a source of ideas about meutal activity (e.g., Shepard and

% % '
Cooper's work on mental transformation of images). In P}” ZOSOP her SClij
artificial intelligence. wany rescarchers have abandoned
the notion of the objectivity of knowledge, and are search- \‘_/
ing for ways of handling the judgmental. uncertain, noise-
ridden, humanly devized mass of data that they desire to
sec as information or knowledge.

Wlat might be termed the first law of knowledge engi-
neering. for example, s Edward Feigeubaum’s 1977 obser-
vation that the eritical problem in designing expert sys-

tems in the bridge between the computer seiontist and r\_ a@® am> Sysfen/]
eXPET am o o wm

the expert who often eannot oven approxiinalely deseribe
hig inference processes, heuristies. or data, aud who ofien
colors and bisses his dezeription of his expertise. A cy-
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bernetic second law of knowledge engineering would state
that Feigenbaum’s first law of subjectivity applies to the
computer scientist also, not only to the expert.

The editors of CYBERNETIC see the magazine as a space
for compariyg problems of subjectivity that are arising in
many disciplines. The knowledge enginecrs are not alone:
anthropologists consciously adopt an “externalist” or “in-
ternalist” stance to account fur their role as observers; ed-
ucators discover that their assumptions may bias their stu-
dents’ achievements: cven astronomers have trouble with
“obscrver bias” (in a classic example, Percival Lowell dis-
coverced the canals on Mars that astronomers who “knew
better” did not sec). Those who accompany us into this
briar patch of thorny issues, however, must be warned to
carry their own first aid. Obviously, cybernetics cannot
alone answer the need for a new scientific method that ac-
counts for the subjectivity of the observer, although it has
made a start in exposing the questions.

The German logician Gotthard Gunther, a leading inves-
tigator of many-valued logics, sees the problem clearly in
the light of history: “When the Greeks developed their
scientific methods—which, as far as the basic assumptions
are concerned, are still ours—they did so with a concep-
tual ontological frame which radically cxcluded subjectiv- " T
ity. And they were well aware that their methods were only ' h i n 'ffa MES
meaningful within this frame. The modern cybernetician w \‘{ I

uses these very same methods but outside their legitimate
frame. The result iz that if analogues of subjective pro-
cesses are designed into computer hardware the cyberneti-
cian is consciously or unconsciously trying to make them
as lifeless as possible.”

v

This is more than a cybernetician’s dilemma. Without a
means of accounting for themselves in science, scientists
often find difficulty in relating what they do as scientists
to the problems of society and human behavior. As a re-

sult, science t.o become one of the problems of
O society and human behavior, while hunanists and edu-

cators tetreat from the learning and teaching of science
(currently, for example, one-half of U.S. high school stu-
dents take no math or science course after 10th grade).
This cultural problem is not obviously susceptible to the
application of formal tools and methodologics (cybernetic,
or otherwise) but a cybernetic perspective offers a useful
way of approaching social systems.

Science and Society

It was fromn comparisons of fpurposcfulfhchavior in ma-

chines and organisms that ceficopts §ke feedba ontrol,

- . .‘-“\_
and requlation were deyeloped and 4pplicd to social drd
political problems. Fhe interaction of natural and Sﬂt'iill\..‘

seientists (-nvisiu}n";’l by Norbert Wicter when he adopted
the word eyheieties, however. after |an initial period of

successiul pfterdiseiplinary conferenced and collaborations, l//
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is now a relatively rare occurrence. It is in reviving this
spirit of interaction that the editors of CYBERNETIC feel
the most important work needs to be done,

The generality of the feedback concept was Wiener’s first
cybernetic insight: too much feedback caused oscillations
in machines, and a similar cause could explain “purpose
tremor” in people with cerebellar injuries. Since then, the
concept has been so widely applied that it is part of our
vernacular. Rock and roll musicians now play feedback,
playing amplified instruments in front of an amplifier so
that the pick-ups pick up the amplification to generate
sounds the instruments do not make (an effect termed “in-
finite sustain”).

Feedback is now so familiar a concept that its limitations
have become clear, and many other early cybernetic con-
cepts of control and regulation now seem inadequate to the
complexity of our current crises. Asked for feedback on a
draft of this prospectus, Robert Kniscly, Deputy Chairman
of the National Endowment of the Arts, responded: “I am
most concerned that late 20th Century life, in both the
developed and undeveloped worlds, is no longer respond-
ing to traditional cybernetic cues, and is therefore quite
literally ‘out of control.” Tecdback has provided us with
evolution, market economics, and the ability to ride bicy-
cles. It scems imeffective, at a macro level anyway, againt
the depletion of natural resources, the slow degradation of
mixcd economies, and thermonuclear war.”

The problem is not so much with the principles that we
know, but how to acquire the principles we do not yet
kngw. The problem of late 20th Century life is not only
that many of our social systems do_nof work, but that
many of our explanations do not work, and a society can-
not correct what it cannot understand. A growing aware-
ness that current explanations are a part of the problem
has revived interest in subjectivity, relativisin, and the na-
ture of knowing throughout the sciences, humanities, and
also in discussions of artistic perspective.

The increasing complexity of social systems is making
cpistemology, the explanation of explanation, an imme-
diate concern of sociely rather than au esoteric interest of
philosophers. The implications for scicntists can be scen
in statcments such as the following:

“We know cnougly, today, about societal problems and cog-
nitive processes. to realize that the {wo are profonndly
interconnected.  Anyone who attempts to study and to
answer the questions posed by one, sooncer or later finds
himself involved with the study of questions raised by the
other, '

“[t is necessary to recognize that he who sets out to study
and to act upon congnitive processes and =ocietal prob-
lewns s himsell aomember of the set of his objectives. The
tine-honored distinetions, therelore, between theory, prae-
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tice, fundamental and applicable research, development,
etc., no longer so rigorously hold, when the subjects are
cognitive processes and socictal problems. In fact, all ac-
tive attitudes available to scientific and creative man must
move sitnultancously and together, none emphasized at the
expense of the other, cach emphatically appropriate to a
given obscrvation or purpose.” (From a National Science
Foundation proposal on “Cognitive Teclmology,” submit-
ed by the Committee on Cognitive Technology, Biological
mputer Laboratory, University of Illinois, 1972.)

psychological and social investigations, the systems be-
ing\studied are both the source and the product of their
derstanding. The understanding an individual has
the mind works is an integral part of how his mind
The theories that guide action in a society are

process of\ changing the very things we are in the pro-
cess of undégstanding.” (From “Understanding Computers
and Cognitign”—-an unpublished draft—by Terry Wino-
grad and Ferhando Flores, 1983.)

The essential pyoblem in such situations is that those who
act as scientists\find themselves without rigorous methods
for knowing how Yo proceed. As Winograd points out, “To-
day, there are mapy people looking at questions like how
computer systems\(and other technologies) should be de-
veloped and evaluated, what the design process is, and how
it relates to human \goals. They are grappling with deep
problems of cirenlaritly; e.g., a new technology changes the
social structure whosd goals it was intended to achieve.”

A Choice of Explanatign

In such situations, howe cr.- is not the problem;
it is the chosen methods\of explanation that make circu-
larity a problem. This waks the fundamental insight of the

catly cyberncticians when they invented the original notion
of cybernetics, “circular cagsal and feedback mechanisms

At the time, this was a new\idea in scientific thought, and
its implications have not yey been fully explored. To/de- b
velop the concept of circular\causality required a shift in ecaux’

thet allowed the early cybernetiqinns to come to frips with " ‘rs
problems of purposeful behavior i machines, Iing organ- (\-*S 0 )CC

tific method o n e
of reductionisin seeks to spocify a §ystem in/tenins of com- Co MP i/
is aighl at identifying '
the formad selations in a systew as afwkole] The reduction- _t:m
=t method faolates component,4 walyze them h re|a‘
cansa ity shifts one’s attent W O(QS

Clations among the compoucents that

ax objects: invoking eireyls

anu Jangmuage t tl




13

define the unity of a system, and the function or processes
that are nceded to maintain the defining rclations.

The early cyberneticians made the switch from “because”
to “in order” as a form of explanation so that they could
stipulate the equifinality of systeins in which the final state
of affairs is equal for all ways of approaching it. For exam-
ple, an observer studying the birds migrating to a certain
island may not care about the particular trajectory of every
individual bird at each moment; what he wants to know is
where they are all heading.

The purpose of “purpose” as a mode of explanation is to
get rid of the trajectories that are of no concern, and make
a direct approach to the “homeostatic” place that is in-
variant for the system. This does not diminish the value
of the other viewpoint, i.e., of looking at the trajectories;
it makes it equally defensible. It depends on what the ob-
server wants to know. In adopting one form of explanation,
" cyberneticians were not rejecting the other, but attempt-
ing to make clear the appropriate use of each. Even more
significant was their realization that the choice of expla-
nation, by efficient cause or formal cause, was just that: a
choice.

Reductionism is one way of a scientist’s understanding of
some aspects of the world, but it hias limitations, as modern
physicists realized when their experiments led them into
a dilemma. The problem of reductionism, Gordon Pask
observes, is that it eventually leads to a bad question: the
bad question is the one where the more accurately you
answer it, the less sense it makes. ‘

The shift in perspective adopted in cybernetics closely par-
allels the point of view adopted by Heisenberg and Bohr in
physics. Heisenberg’s insight was that the more accurately
the position of an clementary particle is observed, the more
elusive becomes ite velocity (and vice versa), because mea-
suring one aspect affects the other; while Bohr pointed
out first that it is the observer’s choice of instrumentation

that determines the “nature” of light to appear either as a \ ',ﬁ
stream of particles or clse as a progression of electromag- Ua \ eS
netic waves. In both cases. the reductionist dilemma was \l./

avoided by changing the forin of explanation, viewing cach d l 5
system as composed of duals instead of dualities, pairs of Lﬂ

aspects whose relations defined the system as a whole.

This shift in description, however, began to undermine the

traditional seientific concept of an objective realily. An

explanation of, say, the photon, or the electron, was now .
unavoidably given in terms of an juteraction between the b : eC‘ﬁ \j I'Ty
observer and the phenouienon being observed. As psychi- o J

atrist Jamnes Durkin observes, *The champions of objectiv-

ity in physies puslied their investigations to the limit and SUbje Cﬁ\l'\"\ E’

dizcovered subjoctivity there”

Elustein’s principls of rlativity, stipulating that there is
1 ] t o
a0 naigue coordiate sytem in nalure, also contributed to



a growing insight into objectivity and its limitations. Cy-
bernetics, Warren McCulloch explained, was an attempt
to make clear “the bearing of relativity, not only on our
physical frames of reference, in the sense of space, time and
movement, but also on any other set of axes appropriate to
an observer coping by measurement and perception with
his own changes in a changing world.”

An Emerging New Perspective

As cyberneticians began turning their attention from ob-
served systems to observing systems, the carly interest in
feedback and control mechanisms shifted to concepts of

O\sel.f-orga.nization, self-reference, and circular causality in
mathematics, logic, language, and the formal aspects of liv-
ing and cognitive systems. Similar approaches are emerg-
ing in other disciplines as well, and have found popular
expression in works such as Douglas Hofstadter’s Gadel,
Escher, Bach.

In their research, cyberncticians began to see new as-
pects of phenomena that werc obscured by using tradi-
tional methods of explanation. An example is Heinz von
Foerster’s use of recursive function theory (functions that
produce themselves) to describe behaviors of living sys-
tems. From these investigations came such statements as:
“The nervous system is organized (or organizes itself) to
compute a stable reality. Cognition is the computation of
computation.” Or: “There is no information in the envi-
ronment; the environment is as it is.”

Humberto Maturana’s research on vision provides a sim-
ilar example. In “What the Frog's Eye Tells the Frog’s
Brain.” Maturana, McCulloch, Lettvin and Pitts produced
evidence that the retina did not simply transmit signals
about intensities, but about patterns of variation of inten-
sities; i.c., the retina was computing differences that make
a difference. :

Maturana later recognized the assumption in this research
that “we were handling a clearly defined cognitive situ-
ation: therc was an objective (absolute) reality, external
to the animnal, and independent of it (not determined by
it), which it could perceive...” In his later research on
color vision. however, Maturana’s perception of the situa-
tion changed; he understood his purpose “not as the study
of a mapping of a colorful world on the nervous system,
but...understanding of the participation of the retina (or
nervous system) in the gencration of the color space of the

observer.”

—'ﬂ“ﬁ‘;—hiﬂ led to an entirely different understanding of cog-
nition; Maturana and fellow biologist Francisco Varela ap-
plied the peculiar logic of autology- of concepts that can
be applied to themselves— to an understanding of the self-
orgaization and autonomy of living systems, leading to
Maturana’s unconventional proposition that “Living sys-

o
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tems are cognitive systerns, and living, as a process, is a
process of cognition. This statement is valid for all organ-
isms, with and without a nervous system.”

Such propositions are inversions of the traditional scien-
tific point of view, and provide a basis for science that
kecps in mind issuces of goal, end, purpose or telos. The
new attention to circular causal mechanjsms---i.e., to pro-
cesses that bot h system’s defin-
ing relations — brought into focus the unity of systems that
require all of their components in order to have all of their
compouents (in the barnyard conundrum, you need both
the chicken and egg to have them both).

In terms of traditional causality, attempts to explain such
systems lead to paradox. A current exga is the prob-
lemn of pre-biotic chemistry: you nec er_to
direct the building of proteins, and proteins to g
The paradox arises from a reductionist explanation
uses the replication of DNA to explain life. An alterna-
tive would be to look at formal causes (defining relations)
and to use life as an autonomons whole to explain the
replication of DNA. Similar problems arise in many ficlds
of medical research: following the rccent identification of
“oncogenes” as a cause of cancer, the editors of Nature
posed the question whether a single point mutation in a
gene coding for a specific protein could “explain” a bi-
ological phenomenon as complex as cancer? Or was this
naive reductionism? (They were not ready to call it nawe )
Physiologists constantly confre OR
O\ trol theory (e.g., does t
pressure, or conversely, does the Jow blood pressuré cause
the fibrillation?). The same class of problem be easily
identified in the social sc1enma:::1?bause

fiternational tension ice versa?).

One approach to such issues of causality is to view them as
problems, like pattern recognition, “that we will piecemeal
to death over the years with brute computer strength.”
However, where such paradoxes arise, an obscrver also has
the opportunity to reflect on the questions being asked;
the paradox may siinply be an erroneous statement of the
problem.

Toward an Understanding of Understanding

The editors see CYBERNETIC as a space for raising ques- 50[ U110 V‘ss
tions that might otherwise go unnoticed. We do not expect
that readers will seek eybernetic solutions to their research

problems in the magazine, but that reading it will con-
Pmb\emj

tribute to their understanding of what the problems are.

The fraditional scientific perspective of objectivity is
among the questions that are not ordinorily raised. A cy-
bernetic perspective brings with it an alternative to the
objective nml(‘rpm:im;'w of Lraditional scientific thought,
“Ohjectivity,” von Foerster observes, *is the delusion that



16

it is not a delusion. It is the cognitive version of the physi-
ological blindspot: we do not sce that we do not see. Also,
objectivity is the subject’s delusion that observing can be
done without him. Invoking objectivity is abrogating re-
spousibility; whence coines its popularity.”

The cybernetic alternative to objectivity is not solipsism;
it is a snbjectivity that moves in the opposite direction, a
perspective in which reality is to be understood in terms of
the observer and the observed together. This is a point of
view expressed in Wittgenstein's proposition that “Objects
may be real, but they are not reality.”

The emergence of cybernetics and the more recent interest
in “cxperimental epistemology” in other disciplines may
be symptoms of change in the traditional scientific world
view—a view that divides reality into irreconcilable du-
alities of subject and object, mind and body, meaningful
information and physical energy, reason and will, form and
function. This dualist viewpoint, which was shared by
both vitalists and mechanists in the 19th Century, pro-
duced a biology and psychology which isolated and ex-
plained objects and functions as “natural” phenomena,
while treating formal cause and explanations in terms of
design or purpose as “supernatural.”

The great accomplishments of modern scientific endeavor
eclipsed the lack of any scientific methods for understand-
ing purpose in nature. In the mid 20th Century, however,
the development of machines that could embody aspects of
what were previously considered “mind” (and thus beyond
reach of reductionist science) required a new understand-
ing of mind and body as aspects complementary to each
other: In McCulloch’s term, embodiments of mind.

This new understanding, accounting for the observer and
the observed as duals, required a logic of circular causality
to make clear that whether the obscrver sees one aspect
of a system or another (form or function, information or
energy, language or movement) depend on one’s choice of
explanation, and that the choice is always up to the ob-
server.

This new understanding is far from complete, but it is
visible in its outlines. It is concerned with the most an-
cient questions of cognition, and the most recent problems
of techuologies based on the high-speed transformation of
symbolic representations, both numerical and semantic.

Historically, the new perspective can be seen as integrating
ideas that developed from three directions: from Aristo-
tle’s calculus of propositions: from T.eibnitz' fonndation of
computing in binary representations: and from Ramon y
Cajal’s demonstration of the synaptic termination of neu-
rons onto each other. which opened the possibility of inter-
preting a neuron as an operator ou its inputs (the activity
of other neurons).

The convergence of these ideas into a unified perspective

mind body
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began in the minds and couversations of three men: War-
ren MeCulloch, a neurophysiologist and logician; John
von Neumann, a logician and mathematician; and Nor-
bert Wicner, a mathematician and cngineer. In 1953, at
the last of ten interdiseiplinary conferences on cybernetics
sponsored by the Josiah Macy Foundation, McCulloch re-
ported on an important shift in focus that had occurred,
from a primary interest in the feedback concept to a grow-
ing awareness that every signal has two aspects: one phys-
ical, the other mental, formal, or logical. “This turned our
attention to computing machinery,” McCulloch observed,
“to the storage of information as negative entropy. Here
belong questions of coding, of languages and their struc-
tures, of how they are learned and how they are under-
stood.”

Although the participants did not immediately realize it,
their shift in focus was leading them towards a deeper shift
in perspective. The complementarity of the two aspects of
a signal provided a new basis for understanding cognitive
processes, in hardware, living organisms, or social organi-
zatious. In retrospect. it can be seen that they were devel-
oping an episteniology of computation (from computare, to
consider things together and get something clse out).

The purposc of publishing CYBERNETIC is to provide log-
ical space for comparing the different perspectives and ex-
planatory principles arising in different disciplines. To this
end. and to this beginning, CYBERNETIC will focus at-
tention on the elementary cybernctic concept of circular
causality. The editors’ goal, to paraphrase the method of
Felix Klein, a 19th Century teacher of mathematics, is to
present clementary cybuernetics from an advanced point of )
view: and advaunced cybernetics from an elementary point /
of view. '
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