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Cyborgs and Symbionts
Living Together in the New World Order

Donna J. Haraway

Gaia—the blue- and green-hued, whole, living, self-sustaining, adaptive, auto-poiet-
ic earth—and the Terminators—the jelled-metal, shape-shifting, cyber-enhanced
warriors fighting in the stripped terrain landscapes and extraterrestrial vacuums of a
terrible future—seem at first glance to belong in incompatible universes. Such beings
seem to inhabit incommensurable regions of space-time, and to demand different
literary and historical chronotopes for their description and narration. These entities
do not seem able to share the same evolutionary story. Similarly, the world's first
being to be called “cyborg”—a white laboratory rat at New York's Rockland State
Hospital in the late 1950s, with a tiny osmotic pump implanted in its body to inject
chemicals at a controlled rate to alter its physiological parameters—does not seem
to be close kin to the naturally occurring microorganism Mixotricho paradoxo—a
protist denizen of the hindgut of a South Australian termite. The implanted
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FOREWORD

rat and the metal-flesh warrior seem to be paradigmatic
ﬁ’horgs, the ger[’act postmodern poster-children for the

ew World Order’s ad campaigns. Surely, the whole earth and its
natural offspring have a different ontology. But all four of these entities—the
cloud-wrapped whole earth named after the Greek goddess who gave birth (inces-
tuously) to the Titans, the machine-enhanced warriors with a cinematic future, the
rat cyborg in a psychiatric hospital, and the microorganism with the intriguing Latin
name—are members of the same post-World War Il clan. This clan is also the human
family in a globalized New World Order. That order has emerged from the fusion
reactions of the cold war and the space race and from the turbulent planetary flows
of capital in the last half-century of the Second Christian Millennium. The practices
which bind the global family together in a generative matrix are no mere metaphor-
ic flights of fancy; these practices are the simultaneously fiercely mate-
rial and irreducibly imaginary, world-destroying and
world-building processes of technoscience.

Products of promiscuous mixings and fusings, Earth Goddess, Terminator, Enhanced
Rat and Termite Guest all demand that we think about three basic questions: What
are the terms for living together in the New World Order? Who will find which
terms to be livable? and What is to be done? Let us sneak up on these tendentious
questions by examining more closely each of the four beings populating my cyborg
pretext. This narrative is in the tradition of edifying natural history, or better, natur-
al-technical history; and it prefaces the rich handbook that follows. My imploded
story insists on the inextricable weave of the organic, tech-
nical, textual, mythic, economie, and political threads that
make up the {lesh of the world.

Gaia is the name that James Lovelock gave in 1969 to his hypothesis that the third
planet from the sun, our home, is a “complex entity involving the Earth's biosphere,
atmosphere, oceans, and soil; the totality constituting a feedback or cybernetic sys-
tem which seeks an optimal physical and chemical environment for life on this
planet” (Lovelock 1979:11). An independent English specialist in gas chromatogra-
phy and the inventor of the electron capture detector, in the 1960s Lovelock was
working as a consultant for the United States National Aeronautics and Space
Administration's ([NASA) Vioyager program at the Jet Propulsion Laboratory at the
California Institute of Technology to devise a means to detect whether there was
life on Mars. Fundamental problems for the project turned on defining what con-
stituted life and thinking about how to detect it on Mars gave a fresh perspective
on how to think about life on earth, Working with Dian Hitchcock, who was evalu-
ating the logic and information potential of various suggestions for detecting
Martian life, Lovelock developed the notion of perceiving life through atmospheric
analysis, by looking for persistent entropy-defying disequilibria.

But in 1965 the U5, Congress abandoned the Martian exploration program,
although the venture was later resumed in the Viking expeditions. In the low period
for space exploration during the mid-1960s, Lovelock benefited from the free
research atmosphere provided by the giant petroleum corporation Shell to study air
pollution resulting from burning fossil fuels. The determinations of multinational
capital rarely take the shape of restricting the intellectual freedom of the scientific
elite. Quite the opposite; no one understands better how critical that kind of free
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play s to dynamic accumulation strategies. Lovelock approached the pollution
problem from the point of view of the atmosphere as an adaptive mechanism that
Was an extension of the biosphere. Perturbations had to be studied as part of a
self-regulating system, in which compensatory changes in response to taxins could
very well produce new dynamic steady states that would change the species com-
position of earth drastically. Global atmospheric research is at the origin of strug-
gles over livable environments in cyborg worlds.

Going from measurements of gases in the earth's atmosphere, Lovelock reasoned
that the observed composition could not be maintained by chemical processes
alone. The earths atmosphere showed a stunning disequilibrium that suggested
ot only that it was the product o the life-processes of organisms; but more, a
disequilibrium of such scale implied that the atmosphere was an extension of a iv-
ing system designed to maintain an optimal environment for its own support.
short, the whole earth was a dynamic, self- veguluunz,
ic system; the carth, with all Jat-

ed parts, from the planet’ pulsating skin through its lulmln:nng gaseous
envelopes, was tself alive. LovelocK's perception was that of a systems engineer
gestated in the space program and the multinational energy industry and fed on
the heady brew of cybernetics in the 19505 and 19605, not, say, the intuition of a
vegetarian feminist mystic suspicious of the cold war's military-industrial complex

and s patachl technoogy Lovelock's earth-itself a cyborg, a complex
auto-poietic sy the geological,
the organic, and the ﬂchnalwmzl—was the natural habitat, and the launching pad,
of other cyborgs.
And just as the pod people in the classic 1956 film The Invasion of the Body
‘Snatchers looked exactly like humans not yet transformed by infectious extrater-
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restrial f a different life, of inform
Hon-on coud not b oakingthet h carth an s mhaitats had become.
cyborgs. The transformation implicitin Lovelock's prescient perspective was in the:
fleshy tissues of meaning. The whole earth, a cybernetic organism, a cyborg, was
not some freakish contraption of welded flesh and metal, worthy of a bad televi-
sion program with a short run. As Lovelock realized, the cybernetic Gaia is,rather,
what the earth looks ke from the only vantage point from which she could be:
seen~from the outside, from above. Gaia s not a figure of the whole earth's
Self-knowledge, but of her discovery,indeed, her literal constitution, in a great
travel epic. The signals emanating from an extraterrestrial perspective, such as the
photographic eye of a space ship, are relayed and translated through the informa-
ing machines built by the members of ¥
ing, space-faring hominid culture that called itself Mankind. And Man i, by
self-definition,  globalizing and, therefore, global species. The people who built the
semiotic and physical technology to see Gaia became the global species, in which
they recognized themselves, through the concrete practices by which they built
their knowledge. This species depends on an evolutionary narrative technology that
builds dramatically from the first embryonic tool-weapon wielded by the primal
hunter 10 the transformation of himself into the potent tool-weapon that seeds
other worlds.To see Gaia, Man learns to position himself physically as an extrater-
estrial observer looking back on hs earthly womb and matrix. The cyborg point of
view s literal, material, and technical; it i built located, and specific-like al
meaning-making apparatuses. Whatever else it is, the cyborg point
it communication, infection, gender,
genre, species, intercourse, mformauon and semmlogy

The material fictions of Man, hs lived primal story, are the imaginative technolo-
gies of NASA. On November 9, 1967, Apol 4 sent back to earth from 9,850 nauti-
cal miles above ts surface the frst US. picture of the whole earth. That family
snapshot—grandmother to the Swedish photographer Leonard Nilsson's 1977
famous, gorgeous, global, gold-gleaming, extraterrestria, aborted human fetuses
published in A Chid Is Born—has been disseminated on everything from protesters'
T-shirts at the Nevada nuclear test site, to the cover of the Whole Farth Catalog, to
the packaging for the Maxis Corporation's best-selling computer game based on
the Gaia hypothesis, SimEarth. NASA's whole-earth image s ke a picture on
a seed catalogue. Seed of the future, concentrating allthe potencies of
g o0 infinite series of past acts of generation, the shining,
cloud-wrapped whol earth s like  giant and luscious tomato,
planted around the word with the aid of the marketing appara-
s of the petroleum-industry-owned major seed companies
‘and promising all the lusty tastes of  sun-drenched summer.

Like Gaia, the Terminator is a cyborg. But the clan of enhanced
wartiors narfows down the contradictory, weedy, contestable,
wide-band, semiological plenum of Gaia to a laser-focused
line of embodied meanings.Like Gaia, the proliferation in fan-
tasy and in reality of 3 grotesque menagerie of cyborg

weapons has also occurred in the multi-lobed wombs of bump-

d consti-

wtively miltarized post-World War Il naion sates. But the
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Terminator is a child-weapon that Man-the-Hunter perhaps did not really antici-
pate as he struck out on his grand-quest narrative through the fossil volcanic ash
and cosmic moon dust of post—World War Il U.S. origin and exploration stories. The
Terminator is much more than the morphed body of a virile film star in the 1990s:
the Terminator is the sign of the beast on the face of post-
modern culture, the sign of the Sacred Image of the Same.
The figure of the Terminator appears to take many forms.' The Terminator is the
self-sufficient, self-generated Tool in all of its infinite but self-identical variations.
It can be the transfused blood fraternity of information machine and human war-
rior in the cyber-enhanced airforce cockpit, those pilot projects for the equally—or
maybe more—profitable commercial cyborg theme parks and virtual reality arcades
to follow in the great technology transfer game from military practices to the civil-
ian economy that has characterized cyborg worlds. Or the enhanced weapons can
be the all-information-machine versions called smart bombs, which make such riv-
eting television programming in the New World Order's police
actions. The Terminator, like the decontextualized glowing
fetus, can appear to be our savior; indeed that is its favorite
and most alluring morph. Like Gaia, the mercurial Terminator is
also an image on the seed package of a possible future. We
seem still to be hungry for its enhanced and gleaming fruits

It is time to move from the all-too-real, ideal cyborg warrior to
the lowly, and decidedly mortal, figure of a laboratory white
rat implanted with a cyber-control device. Like all cyborgs, this
white rat has that something extra, that sign of excess that marks the creature as
somehow “trans” to what once counted as normal and natural. Appropriate to a
world that contains Gaia and the Terminator, the term "cyborg” was coined by
Manfred E. Clynes and Nathan 5. Kline (1960) to refer to the enhanced man who
could survive in extra-terrestrial environments.’ They imagined the cyborgian
man-machine hybrid would be needed in the next great technohumanist
challenge—space flight. Most Western narratives of humanism and technology
require each other constitutively: how else could man make himself? Du Pont had
the right idea: “"Better things for better living.” A designer of physiological instru-
mentation and electronic data-processing systems, Clynes was the chief research
scientist in the Dynamic Simulation Laboratory at Rockland State Hospital in New
York. Director of research at Rockland State, Kline was a clinical psychiatrist, Their
article was based on a paper the authors gave at the Psychophysiological Aspects
of Space Flight Symposium sponsored by the U.5. Air Force School of Aviation
Medicine in San Antonio, Texas. Enraptured with cybernetics, they thought of
cyborgs as "self-regulating man-machine systems” (Clynes and Kline 1960:27).
Space-bound cyborgs were like miniaturized, self-contained Gaias. One of Clynes
and Kline's first cyborgs, a kind of pilot project for Gaia-Man, was our standard
white laboratory rat implanted with an osmotic pump designed to inject chemicals
continuously to modify and requlate homeostatic states. The rodent's picture was
featured in the article that named its ontological cyborg condition. The snapshot
belongs in Man's family album.

Beginning with the rats who stowed away on the masted ships of Europe’s imperial
age of exploration, rodents have gone first into the unexplored regions in the great
travel narratives of Western technoscience. Odo, the shape-shifter security chief on

xv }
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the Federation space station Deep Space Nine, in one early episode of that televi-
sion series even morphed himself into the shape of a rat, all the better to get a per-
spective on the dubious traffic at the entrance to the wormhole, gateway to
unexplored regions of space. Anthropologist Deborah Heath, who studies the
many-sided cultures of genetic technology, tells me that one of the avidly sought,
candidate genes for human breast-cancer has been named Odo by the research
team attempting to isolate and sequence it. Meanwhile, Deep S5pace Nine, with all
its flexible bodies, is ideal for the reduced expectations of technophilic US.-ers in
the New World Order of the 1990s (Martin 1994: Harvey 1989). | certainly cannot
recall any rats, morphed aliens or not, on the starships Enterprise in the earlier gen-
erations of the Star Trek myth.

Human mental patients were also part of psychiatric research on neural-chemical
implants and telemetric monitoring at Rockland State Hospital in the 1960s, a fact
| learned from National Science Foundation and National Institutes of Mental
Health grant proposals when | was researching the crafting of non-human pri-
mates as model systems for human ills in the US. Kline was associated with the
Psychiatric Research Foundation in New York, an organization established to pro-
mote controversial investigations into psycho-pharmacology. Nancy Campbell's
(1994) work on the history of US. drug and addiction discourses details the dove-
tailing of such research in the 1950s and 1960s with Cold War agendas, including
ClA-sponsored research on behavior control. The liberal philanthropic foundations,
especially the Macy Foundation, which was so important to the configuration of
cybernetics as an interdisciplinary field in the late 1940s and early 19505, were lib-
erally involved. Geof Bowker (1993) analyzes the myriad routes through which
technical and popular culture was shooting up with all things cybernetic in the
1950s and 60s in the U.5. Marge Piercy used research at Rockland State Hospital as
background for the brain-implant experiments practiced on psychiatric patients in
her transformative feminist science-fiction story, Woman on the Edge of Time
(1976). Influenced by Piercy, in my "Manifesto for Cyborgs,” | used the cyborg as a
blasphemous anti-racist feminist figure reshaped for science-studies analyses and
feminist theory alike (Haraway 1985). Piercy developed her thinking about the
cyborg as lover, friend, object, subject, weapon, and golem in He, She, and it (1991).
Her cyborgs and mine became "trans” to their origins, defying their founding iden-
tities as weapons and self-acting control devices, thus trying to trouble US. cultur-
al commitments to what counts as agency and self-determination for people—and
for other organisms and machines.

Subsisting not in the vast reaches of interstellar space, where the 1950s rat cyborg
was semiotically bound, but in the dark passages of a termite’s gut, the humble
Mixotricha paradoxa is perhaps most “trans” of all to standard natural history
accounts of unity and agency in cyborg lives lived within the crevices and fluids of
Gaia's multi-form flesh. Cyborgs are about particular sorts of breached boundaries
that confuse a specific historical people’s stories about what counts as distinct cat-
egories crucial to that culture's natural-technical evolutionary narratives.
Mixotricho is a pro at transgressing just those sorts of boundaries. Like the other
entities in this foreword, Mixotricha could not cohabit the The Cyborg Handbook's
world without all of the materializing instruments, discourses, and political
economies of transnational technoscience—from scanning electron microscopes, to
molecular genetic analysis, to theories of evolution, to circulations of money and

{ wvi
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people. Appropriately, Lynn Margulis, the University of Massachusetts biologist who
introduced me to Mixotricha’s genre-confounding talents, is also one of the for-
mulators of the Gaia hypothesis. The account of the nature of life by her and her
son is a rich exposition of the travails of the auto-poietic earth (Margulis and
Sagan 1994). These writers cross-stitch technology, organic beings, and inorganic
nature into a cobbled together, profoundly materialist and dynamic biosphere.
Their techno-biosphere is a kind of cyborg coyote or trickster, not an innocent
being, not in our control, but not out of our control either (our practices matter
and the cyborg is our flesh too), and in whom we are fatefully embedded, along
with the multi-talented prokaryotes and odd protoctists that they describe so lav-
ishly, They refuse both technological determinism, whether of a cultural-industrial
or biological-genetic sort, and back-to-nature mysticism. Margulis and Sagan's
What Is Life? is anemic, for my taste, in its account of the flows of capital and
questions of politics and cultural specificity in the whole earth's story, much less in
any sense of critique of the mechanisms of *planetary metabolism® that capitalism
and technoscience have become.” Yet, What Is Life? is full of ways to avoid the
traps in the tradition of Western natural history and its conjoined twin called polit-
ical theory of methodological individualism: humanist arrogance, demonology of
the machine, and boring certainties that we already know everything. The argu-
ments that machines are indissociable human extensions (an extended phtnnt\rpt].
coupled with the insistence on the intimate joins of matter and feeling, conscious-
ness and history, are all persuasive to me, who, it must be said, has long been a
believer on these issues. Margulis and Sagan provide an historical narrative with a
future that is full of metamorphoses, but without apocalypses. “Our” bodies
are indeed weedy and promiscuous, and the earth has
always been going to seed.

M. parodoxa is a particularly apt resident of this version of the whole earth. Using
Lynin Margulis and Dorion Sagan's earlier book, Origins of Sex: Three Billion Years of
Genetic Recombination, as my guide, | will close with a story of the promiscuous
origins of cells that have organelles, in order to explore what counts as a unit, as
one, in @ promising, non-innocent Gaian-cyborg natural history practice. Cells with
organelles are called "eukaryotes”; they have a membrane-bound nucleus and other
differentiated internal structures. "Prokaryotes” like bacteria, do not have a nucleus
to house their genetic material, but keep their DNA naked in the cell. Consider,
then, the text given us by the existence, in the hindgut of a modern South
Australian termite, of the creature named Mixotricha porodoxa, a mixed-up, para-
doxical, microscopic bit of “hair” (trichos). This little filamentous creature makes a
mockery of the notion of the bounded, defended, singular self out to protect its
genetic investments. The problem our text presents is simple: what constitutes M.
paradoxo? Where does the protist stop and somebody else start in that wood-eat-
ing insect's teeming hindgut? In the five-kingdom classification of life, a protist is a
member of the Protoctista, which is made up of "microorganisms and their larger
descendants composed of multiple heterologous genomes™ (Margulis 1992:40). Not
belonging to the plant, animal, fungus, or bacterial kingdoms, but constituting a
kingdom of their own, protoctists include algae, slime molds, ciliates, and amoebae,
among many others. The "multiple heterologous genomes” are the source of my
pleasure in these abundant and baroguely elaborated beings.* Plants, animals, and
fungi all descended from such beginnings. What does Mixotricha’s paradoxical
individuality tell us about beginnings? Finally, how might such forms of life help us

xvii }
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FOREWORD

address the tendentious guestions broached at the beginning of this foreword?

M. parodoxa is a nucleated microbe with five distinct kinds of internal and external
prokaryotic symbionts, including two species of motile spirochetes, which live in
various degrees of structural and functional integration with their host. About one
million "individuals® of the five kinds of prokaryotes live with, on, and in the nucle-
ated being that gets the generic name Mixotricha. The substantive seems to imply
an individuality, a basis for the name, that must make any serious cosmic nominal-
ist orgasmic. When the congeries reach a couple of million, the host divides; and
then there are two—or some power of ten of two. All the associated creatures live
in a kind of obligate confederacy. Opportunists all, they are nested in each other's
tissues in a myriad of ways that make words like competition and cooperation, or
individual and collective, fall into the trash heap of pallid metaphors and bad
ontology. From Margulis and Sagan's "symbiogenetic” point of view, Mixotricha's
kind of confederacy is fundamental to life's history. Such associations probably
arose repeatedly. The ties often involved genetic exchanges, or
recombinations, that in turn had a history dating back to
the earliest bacteria that had to survive the gene-damag-
ing environment of ultra-violet light before there was an
oxygen atmosphere to shield them. “That genetic recombination
began as a part of an enormous health delivery system to ancient DNA molecules is
quite evident. Once healthy recombinants were produced, they retained the ability
to recombine genes from different sources. As long as selection acted on the
recombinants, selection pressure would retain the mechanism of recombination as
well® (60). | like the idea of gene exchange as a kind of prophylaxis against sun-
burn. It puts the heliotropic West into perspective.

Protists like M. parodoxo seem to show in mid-stream the ubiquitous, life-changing
association of events that brought motile, oxygen-using, or photosynthetic bacteria
into other cells, perhaps originally on an opportunistic hunt for a nutritious meal or
a secure medium for their metabolic transactions. Some predators settled down
inside their prey and struck up quite an energy and information-exchange economy.
Mitochondria, oxygen-using organelles with respiratory enzymes integrated into
membrane structures, probably joined what are now modern cells in this way. "With
the elapse of time, the internal enemies of the prey evolved into microbial guests,
and, finally, supportive adopted relatives. Because of a wealth of molecular biologi-
cal and biochemical evidence supporting these models, the mitochondria of today
are best seen as descendants of cells that evolved within other cells” [71).

The story of heterogeneous associations at various levels of integration repeated
itself many times at many scales. "Clones of eukaryotic cells in the form of animals,
plants, fungi, and protoctists seem to share a symbiotic history.... From an evolu-
tionary point of view, the first eukaryotes were loose confederacies of bacteria that,
with continuing integration, became recognizable as protists, unicellular eukaryotic
cells.... The earliest protists were likely to have been most like bacterial communi-
ties.... At first each autopoietic [self-maintaining] community member replicated its
DNA, divided, and remained in contact with other members in a fairly informal
manner. Informal here refers to the number of partners in these confederacies:
they varied” (72). Indeed, they varied. And this kind of variation relies on a different
narrative structure from the Terminator's endless repetitions. Mixotricha is a logo
for a very weedy version of Gaia, where the monocultures of transnational
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HARAWAY

agribusiness and the heavily capitalized rush to convert biodiversity into biotech-
nology for sale runs into at least a narrative and a figural speed bump.

Undoubtedly, we will have to do more than mutate the stories and the figures if the
cyborg citizens of the third planet from the sun are to enjoy something better than
the deadly transgressive flexibility of the New World Order. | like to tell stories, and |
regard biology as a branch of civics. | know that | am in a long tradition of natural
historians, as well as laboratory scientists, in this pursuit. | also know that my stories,
as well as those of my willing and unwilling scientist informants, are excruciatingly
historically and culturally specific, whether acknowledged as such or not. And, natu-
rally, my stories are all true, or at least they aim to be, and in several dimensions at
once. My hope is that this kind of truth is situated and
accountable, and therefore able to be in power-sensitive
engagement with other versions and materializations of
the world. My stories are not impartial; they are for some ways of life and not
others. | think that characteristic puts my account right in the middle of technosci-
entific practice in general. Fact and fiction, rhetoric and technology, and analysis
and story-telling are all held together by a stronger weld than those who eschew
taking narrative practice seriously in science=and in all other sorts of “hard” expla-
nation—will allow. Even so, mutating the stories is part of a much bigger task of
engaqging the apparatuses for producing what will count as "global” and as “us." | do
not think that most people who live on earth now have the choice not to live inside
of, and not to be shaped by, the fiercely material and imaginative apparatuses for
making “us” cyborgs and making our homes into places mapped within the space of
titanic globalizations in a direct line of descent from the cybernetic Gaia seen from
NASA's fabulous eyes. The global and the universal are not
re-existing empirical qualities; they are deeply fraught,
angerous, and inescapable inventions.

The cyborg is a figure for exploring those inventions, whom they serve, how they
can be reconfigured. Cyborgs do not stay still. Already in the
few decades that they have existed, they have mutated, in
fact and fiction, into second-order entities like genomic
and electronic databases and the other denizens of the
zone called cyberspace. Lives are at stake in curious quasi-objects like
databases; they structure the informatics of possible worlds, as well as of
all-too-real ones. Whether our attention, and our action, is addressed to labor sys-
tems, sexual configurations, circuits of disease and well-being, banking wizardry,
trajectories of food and the means to get it, political organizing, religious visions,
virtual realities and time-space compressions symbaolized by the internet, racial for-
mations, reality or the Reality Engine™, serious business or world-shaping play,
cyborg figures have a way of transfecting, infecting, everything. This Handbook is a
valuable guide to the cyborg worlds we willy-nilly inhabit, whether we want to or
not. | think The Hondbook is one instrument for achieving what Elizabeth Bird, on
the staff of the Center for Rural Affairs in Nebraska, called for in her slogan:
Cyborgs for Earthly Survival!

1. For an analytical catalogue of real-life military cyborgs, see Gray (1991). On machines and subjectivity
in cyborg worlds, see Edwards [1995).

2. Chris Gray, an editor of this Hondbook, first showed me Clynes and Eline's publication,
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3. | thank Lynn Margulis for the opportunity to read What Is Life? in manuscript.

4. Never one for disembodied points, | note that, even as | write this preface, | am trying to evict one sort
of amoeba from my own teeming gut, with the aid of a commodity, indoquinol, for sale from a New Jersey
pharmaceutical company and purchased by my health maintenance organization. We North American
hominids, at least those rich ones with good medical insurance, are more socially fastidious about our
organic symbionts than most of earth's residents can afford to be. We are, however, rather less fastidious
aboul our cyborg commensuals, to the peril of us all.

References Cited
Bowker, Geof (1993) "How to Be Universal: Some Cybernetic Strateqies” Saclal Studies of Scrence
23:907-27,

Campbell, Nancy [1994] Unpublished manuscript. History of Consciousness Board, University of California,
Santa Cruz.

Clynes, Manfred E. and Mathan 5. Kline [1960] “Cyborgs and Space ” Astronoutics September, 26-27, 75-76.

Downey, Gary Lee, Joseph Dumit, and Sarah Williams (1995) “Granting Membership to the Cyborg Image.®
In this volume,

Edwards, Paul M. [1995) The Cosed World: Computers and the Politics of Discourse in Cold Wor America
Cambridge, Mass.: MIT Press.

Gray, Chris Hables (1991) Computers o5 Weopons and Metaphors, The ULS. Military 1940-90 and
Postmodern War, Ph.D., University of California, Santa Cruz.

Haraway, Donna J. [1985) *"Manifesto for Cyborgs: Science, Technology, and Socialist Feminism in the
1980s." Socralist Review no. BO: 65-108.

Harvey, David [1989) The Condition of Postmodernity. An Enquiry into the Oniging of Cultural Change.
Oxford; Basil Blackwell,

Lowelock, J. E. [1979) Govo: A New Look of Life on Faorth. New Yark: Quford University Press

Margulis, Lynn [1992) “Biodiversity: Molecular Biological Domains, Symbiosis and Kingdom Origins”
BioSystems 27:319-51,

Margulis, Lynn and Dornon Sagan [1986) Origins of Sex: Three Billion Years of Genetic Recombination. New
Haven: Yale University Press.

Margulis, Lynn and Dorion Sagan [1994) What Is Life? New York: Simon and Schuster,

Martin, Emily [1994] Flesible Bodres. Trocking Immunity in American Culfure from the Days of Polio to the
Age of AID5. Boston; Beacon Press.

Piercy, Marge (1976) Woman on the Edge of Time. New York: Fawcett Crest,
Fiercy, Marge [1991] He, She, and [i New York: Fawcelt Crest.



ntrod ion
MAN-IN-THE-MAN-MACHINE LOOP

OUTPUT

MECHANISM

FEEDBACK
TO INPUT

f




Original from

UNIVERSITY OF MICHIGAN

- - -

Digitized by GDGglE



|
icdevice and orgonism, o
and after; but @ cyborg is
same historico period. ke
ftaneously a myth and g tool,a rep-

i Bl
oo
realit two kinds of boundaries ore simuita-
.. LT U S e

and

s my)
bam of the interfoce of automaton and autonomy.

~Donno Haraway

The Protiferation of Cybernetic Organisms
On December 8, 1993, there was a discussion of cyborgs on The 700 Club, the funda-
‘mentalist Christian news show hosted by Pat Robertson. While finishing a generally
favorable discussion of prototype implantable ID chips that would allow people to
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INTRODUCTION

turn part of their anatomy into a credit card, Debbie Terry, the commentator on the
“Newswatch® section, asked about the possibility that such chips, or more elaborate
neural implants, might be 666, the Mark of the Beast foretold in the Bible. The

news director, who was making the report, agreed that, yes, there was a danger, but
the Bible, fortunately, prophesied that the Mark would be worldwide and, as of yet,
implant chips were only planned for Europe, North America, and Japan. The assem-
bled Christians looked relieved. While this may not be completely reassuring for all
literal interpreters of the Bible, it also shows just how complicated cyborgization is.
Sure, it's a neato-keeno technology, but the cyborg just might be the Herald of the

Apocalypse as well!

Cyborg. Cybernetic-organism.' The melding of the organic and the
machinic, or the engineering of a union between separate
organic systems, is the subject of this collection. This merging
of the evolved and the developed, this integration of the constructor and the con-
structed, these systems of dying flesh and undead circuits, and of living and artifi-
cial cells, have been called many things: bionic systems, vital machines, cyborgs.
They are a central figure of the late Twentieth Century.

As Donna Haraway points out, this {igure of the cyborg helps us
bring together myths and tools, representations and
embodied realities, as a way of um;:arst.anding postmoder-
nity.’ But this understanding will not come easily. This collection shows that the
ramifications of today's proliferation of types of cyborgs and cyborgian relations
are very difficult to determine at the moment because cyborgs are everywhere and
multiplying. This Cyborg Handbook, far from being an answer to the cyborg ques-
tion, is rather an initial map of the important cyborg questions, anxieties, problems
and possibilities.

There is no one kind of eyborg. To borrow from the future/present
world of science fiction, where most cyborg theorizing has taken place until
recently, cyborgs can range from the barely organic Terminator, merely a human
skin over a complete robot, to Chief Engineer Geordi LaForge of the liberal
Federation of United Nations and Planets multicultural fantasy Star Trek: The Next
Generation (ST:-TNG), with his prosthetic visor. Cyborgs can be “rugged” individuals
but they are usually trapped in intense corporate settings, like The Six-Million-
Doliar Man of television who works for US. intelligence, and Robocop of the
Detroit Police, a subsidiary of OmniConsumerProducts (QCP). This is only fitting, as
most cyborg technology requires incredible institutional support. Every cyborg is
part of a system (more accurately of overlapping systems). Or the cyborg can be
the system itself, as with the group-mind totalitarian civilization of the Borg, also
inhabitants of ST.TNG.

But the story of cyborgs is not just a tale told around the glow of the televised fire.
There are many actual cyborgs among us in society. Anyone with an artificial organ,
limb or supplement (like a pacemaker), anyone reprogrammed to resist disease
[immunized) or drugged to think/behave/feel better (psychopharmacology) is tech-
nically a cyborg. The range of these intimate human-machine relationships is
mind-boggling. It's nat just Robocop, it is our grandmother with a pacemaker. Not
just Geordi but also our colleague with the myloelectric prosthetic arm. Not just
the cyberwarriors of a hundred militaristic science fiction stories, but arguably any-
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one whose immune system has been programmed through vaccination to recog-
nize and kill the polio virus Mot just the fighter-bomber pilot in the state-of-the-
art cockpit who can target enemies with the eyes, fire missiles with a word, and
who uses computers to monitor his or her own body and to create a disembodied
"God's Eye” view of the battle, but also the potentially billions of humans yet
unborn who will be the products of genetic engineering.

Even if many individuals in the industrial and post-industrial countries aren't full
cyborgs, we certainly all live in a "cyborg society.™ Machines are intimately inter-
faced with humans on almost every level of existence not only in the West and
Japan but among the elite in every country of the world. Cyborg society also refers
to the {ull range of intimate organic-machinic relations,
from the man-machine weapons systems of the postmodern military to the
rat-cyborg portrayed in the article where the term was coined (see page 30), to the
genetically engineered mice of today to biocomputers, artificial life programs, and
any future extravaganzas like the plant-intelligent-machine symbiosis in Lois
Gresh's “Digital Pistil® (in this volume). Cyborg technosciences aren’t just about
making individual cyborgs, they encompass a vast range of cyborgian relationships,
which as Donna Haraway shows in the foreword to this volume, can extend from
the smallest creature to Gaia, the whole web of all the life on this planet.

Where do cyborgian technologies come from? Most have military origins, although
civilian medical research has become almost as important a source. The other major
centers of actual cyborg creation are entertainment (print, film, games, and action
figures) and work (the computer industry, certainly, but also the cybernetization of
all industry). Together, these four cyborgology centers map another set of distinc-
tions between types of cyborgs. Cyborg technologies can be restorative, in
that they restore lost functions and replace lost organs and limbs; they can be
normalizing, in that they restore some creature to indistinguishable normali-
ty; they can be ambiguously recon{iguring, creating posthuman creatures
equal to but different from humans, like what one is now when interacting with
other creatures in cyberspace or, in the future, the type of modifications
proto-humans will undergo to live in space or under the sea having given up the
comforts of terrestrial existence; and they can be enhancmg: the aim of most
military and industrial research, and what those with cyborg envy or even cyborg-
philia fantasize. The latter category seeks to construct everything from factories
controlled by a handful of *worker-pilots” and infantrymen in mind-controlled
exoskeletons to the dream many computer scientists have—downloading their con-
sciousness into immortal computers.

Cyborgian techniques in entertainment and more direct mind-control research
underway since the 1960s offer the possibility of disguieting changes that degrode
humans into addicts of direct neurostimulation or, the nightmare of cyberphobes,
into the perfect will-less soldier/subjects like the Borg, who "assimilate” all. In gen-
eral, the differences between restorative, normalizing, reconfiguring, enhancing,
and degrading cyborg technologies seem particularly important in ethical terms, as
we hope this collection demonstrates in detail.

Clearly, cyborgology is not simple. For one thing there is no consensus on what a
cyborg is. The term has long since escaped Manfred Clynes’ original formulation
although it certainly continues to derive sustenance from it, which we find a
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healthy development, and one which this book, where efinitions of cyborg prolif-
erate as relentlessly as incarnations, supports. The range of human-machine cou-
plings almost defies definition: even existing human cyborgs range from the
quadriplegic patient totally dependent on & vast array of high-tech equipment to a
smal child with one immunization. The patient on a kidney machine twice a week
and the combat pilot attached to his warcraft with sensors and complex interfaces
for flights are both intermittent cyborgs and yet between them there is a tremen-
dous difference. The patient uses cyborg technologies to maintain his or her human
body; the pilot cyborg is an enhanced human, a man-plus. Other such distinctions.
become readily apparent and there s an incredible array of ways of categorizing
cyborgs, and renaming them.*

For example,just in this volume alone, Manred Clynes delineates Cyborgs , I, I,

IV, and V; Jennifer Gonzalez distinguishes between machine cyborgs and organic
cyborgs (monsters and transgenetic constructions); Mark Ochlert breaks down
comic-book cyborgs into controllers, bio-tech integrators, and genetics; Monica
Casper describes “Technomoms and Cyborg Fetuses” and Linda Hogle explains.
“Cadaver Donors-" David Hess, in his turn, discusses "Low-Tech Cyborgs. Two of

the editors have also experimented with vaidating cyborg differences, specifically
between neo-, proto-, multi- ultra-, semi-,hyper-, retro-, omni-, pseudo-, mega-
and meta-cyborgs.

While lines are drawn between types of cybergs, others have renamed them or have
defined cyborgs as only part of a more generalcyborgian transition in human istory.
The Cyborg Age?

The transition of proto-human hunter gatherers into homo faber, humans
defined, determined even, as tool users,
undoubtedly took place thousands or
tens of thousands of years. The spawning
of machine culture (civilzation, living in
cites) seems to have happened more
quickly but n any event it has taken at
least ten thousand years to go from the
firt cities, simple machines for lving, to
the machine-dominated culture we live
it now. While those most ancient
machines, armies of armed men, have
probably played a major role in most
human culture for even longer, it wasn't
until two hundred years ago that
bopower machines were supplanted by
self-powered machines when the indus-
il revolution swept the globe.

It was Carlyle who labeled his own time, the Machine Age, noting the incredible
proliferation of machines and the growing intimacy of the traffic between them
and the humans. Since then the integration of machines into cultures,lives, and
bodies, has become pronounced. There is no longer a “partnership” between
machine and organism; rather there is a symbiosis and it is managed by cybernet-
ics, the language common to the organic and the mechanical.
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Morbert Weiner's elaboration of the idea of cybernetics, of a technoscience that
explained both organic and machinic processes as parts of informational systems,
was the culmination of many different currents in Western culture. The mechaniza-
tion of war, the automation of work, the electronization of information, the com-
modification of culture, the triumph of mass media, the spread of global networks,
and the hegemony of cybernetic metaphors in science and medicine all contributed.

Long before Manfred Clynes conjured "cyborg” from cybernetic orgonism at the
behest of his friend, Nathan Kline, the idea of the human-machine living system was
spreading. Many see Mary Shelley’s monster, Frankenstein’s
creature, as the f{irst cyborg; certainly he is among the most powerful. L
Frank Baum's Tin Man was also a true cyborg, as well as a metaphor for the effect
the mechanization of work was having on workers Later, especially during the
1940s, there were a number of science-fiction stories, most notably "No Woman
Born” by C. L Moore and "Camouflage” by Henry Kuttner, that described full cyborgs.
Ten years earlier, the great British scientist J.D. Bernal had written in his The World,
the Flesh, and the Devil that humans, especially those involved in colonizing space,
would take control of their evolutionary destiny through genetic engineering, pros-
thetic surgery, and hard-wired electric interfaces between humans and machines
that would allow them to attach "a new sense organ or ... a new mechanism to
operate .." (p. 22) as needed or desired.

By the end of World War Il it was very clear that the mechanization of the human,
the vitalization of the machine, and the integration of both into cybernetics was
producing a whole new range of informational disciplines, fantasies, and practices
that transgressed the machinic-organic border. This marks a major transition from a
world where distinctions between human and tool, human and machine, living and
dead, organic and inorganic, present and distant, natural and artificial seemed clear
[even if they really weren't) to the present, where all of these distinctions seem plas-
tic, if not ludicrous.

This watershed has been noted by a fair number of observers. Many mark it with the
sign of the cyborg, the context of this book, but other labels are also used, including
the age of the vital machine, The Fourth Discontinuity,
the posthuman, and the transhuman.

One of the most interesting of these analyses is David F. Channell’s The Vital
Machine. Channell sees today's machinic/organic mergings as the synthesis of two
central currents of Western culture: the mechanical and the organic worldviews.
Inevitably, there are paradoxes. Organic systems are increasingly described in infor-
mation-processing terms, while the more complex mechanical or informational
devices (software, for example) are today usually explained in identical language.
From artificial life programs to "living-dead” cadaver-organ donors the line between
the organic and the machinic is becoming very blurred, indeed.

This is the central point of another important work of what we would call cyborgolo-
ay, Bruce Mazlish's The Fourth Discontinuity: The Co-evolution of Humans and
Muachines. In Mazlish's story, Western intellectual hiSlDI“'j' can be seen as the overcom-
ing of a series of great illusions, termed discontinuities, because they posited as nat-
ural four artificial distinctions, those: 1) between humans and the cosmos [overcome
by Copernicus); 2) between humans and other life (overcome by Darwin); 3) between
humans and our unconscious (overcome by Freud); and 4) between humans and
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machines. Wheresoever we note the dissolving fourth discontinuity, cyborgs thrive.

But haven't people always been cyborgs? At least back to the bicycle, eyeglasses,
and stone hammers? This is an argument many people make, including early cybor-
gologists like Manfred Clynes and J.E. Steele. The answer is, in a word, no. Certainly,
we can look back from the present at some human-tool and human-machine rela-
tionships and say, "Yes, that looks very cyborgian,” but this is only possible because
of hindsight. Just as ancient humans, once they'd learned to wield the club, could
see the tree limb as a tool. Before then it was only a stick. Cyborgian elements of
previous human-tool and human-machine relationships are only visible from our
current point of view. In quantity, and quality, the relationship is new. Yes, it is a
direct development out of the human-tool and human-machine relationships, but
it represents a fundamentally new stage, perhaps even culmination, of this history.
“Cyborg" is as specific, general, powerful, and useless, a term as "tool” or *machine.”
And it is just as important,

We believe the figure of the cyborg helps us see more specifically whether other cen-
tral stories of our age are accurate or useful. Many of these ather stories are ancient,
about gender and power, life, love and death. But others, intertwined with them, are
themselves cyborg myths, attempts to understand the broader
implications of human/machine co-evolution, which we hope our
readers will develop, critique, and rewrite as they to learn to "speak” cyborg, without
forgetting whatever human or machine languages they already might know.

Speaking Cybory

Language, and especially stories and metaphors, reflect and direct culture, lived
experience, and perception. A vast number of our most powerful metaphors come
from our bodily senses and orientation: feeling *high® or “low®, "seeing” what you
mean, “understanding” or "overlooking®, having "potent” of "fecund” metaphors,
and so on. Inevitably, then, we are radically changing our senses with prosthetics,
highly interactive technologies such as virtual reality and Waldos, and soon the
widespread use of implants and direct neural connections to the brain already used
experimentally. How will this affect the way we express the new sensations? If
every important part of human life=birth, education, sex, work, aging, death—is
transformed by intimate connections with technologies, then the language of
technology will begin to “invade” the ways we express and perceive these experi-
ences. Just as Frankenstein’s monster and the "good” Terminator struggled to learn
to speak as humans, we "humans” will struggle to speak as cyborgs, to find the
words to express very new experiences.

This applies to stories and myths as well as metaphors. We have certain stories, like
that of Frankenstein, which raise important questions about our relationship to the
technological systems we unleash on the world. And we have an ever larger number
of science-fiction stories about cyborgs, stories that help dramatize some of our fears
and hopes as we visualize the emerging cyborg world. But within these stories, and in
the culture at large, other stories shape the way we approach this change: stores
about gender, race, class, the body politic, work, and play. Cyborgs can make these sto-
ries problematic (a woman in an exoskeleton might be 1000 times stronger than a
man) but some cultural stories may affect who benefits from cyborg technologies (rich
cyborgs might live ten times longer than poor humans; some technologies may be just
for men, or for an elite group, or used by one group against another).
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This doesn’t just apply to our individual bodies, either. we
live in a world that is changing before our eyes. Corporations transcend particular
countries and are now global, no longer really “centered” anywhere. Nations are
breaking apart and reforming, and peoples are often far flung in diasporas across
different continents. It is no accident that the modern has become postmodern as
human changes to cyborg. Nor that a cyberculture is spreading as exuberantly and
insidiously as the Internet, into recreation (video games, drugs, music, raves), work,
and politics.” All these changes depend on and reflect new telecommunications
technologies. As these larger “bodies”—of people, business, and government—are
more closely tied to vast technologies, they too become cyborgs and we struggle to
find ways to understand and predict how they are shifting. As with our individual
bodies, 5o with these: the changes are both good and bad because the technologies
are themselves ambivalent, capable of many often contradictory uses. It may help us
to confront these changes if we accept our new status as cyborgs and begin to look
at these changes from a cyborgian point of view.

Cyborgs also remind us that we are always embodied, but that the ways we are
embodied aren’t simple. Some people imagine the future as bodiless: either as
“brains in a vat” or as somehow downloaded into immortal computers as
organic-artificial intelligences. Yet, while Al systems are still in the early stages of
dwclupmtnt, t"ﬂ'ml'g ttthnﬂlﬂgiﬁ are everywhere, Effttl'.il"lg millions of people
every day. Some of us may feel like "cogs” in a machine, but we are really bodies
hooked into machines, and bodies linked to other bodies by machines. It may be
that cyborgs will be neither male nor female, neither with nor without color in the
far future, or some complicated version of these, but how we are affected by
cyborg technology now still depends a great deal on what gender, race, and class
we are. There is no one “cyborg” and no one benefit or drawback or evil, every per-
son will respond differently to different ways technology invades or caresses her
body. Cyborgs are "situated knowledges” (as Donna Haraway explains in her article
of the same name) with embodiment, not a black box that defies understandinag.

We call this book a *handbook” because it is set up to help the reader develop spe-
cific, and useful, understandings, as is the duty of all good Cyborg Citizens. But we
are also playing with the word, making parody because we don't pretend to have
compiled here the totality of cyborg knowledge. A *hand book” is a hybrid itself, a
cyborgian technology, designed in this case to show in an explicit way the possibili-
ties of fragmentation and hybridity as well as the impossibility of totalization.

The Cyborg Handbook

While the word cyborg was coined almost thirty-five years ago, for many years it
was little used beyond the science-fiction subculture. At the time of the first print-
ing of this volume, it will have been ten years since Donna Haraway's incredible
essay, “A Manifesto for Cyborgs,” was published in the Sociolist Review, a little-read
political-theory journal. Since then, cyborgism has become a central concept for
many academics, not only people in science and technology studies, but also politi-
cal theorists, military historians, literary critics, human-factors engineers, computer
scientists, medical sociologists, psycholoqgists, and cultural observers of all types.

Cyborgology is proliferating as profligately as its subject, but it is still a small
enough field to be treated comprehensively. That is what we have tried to do here,
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bringing together some of the most important historical and theoretical documents
on cyborgs. There are a handful of other books on cyborgs to which this Handbook
has aimed to be complementary. Foremost among these are the works of Donna
Haraway. It is particularly fitting that this book begin with her foreword. Cyborg-
ology as an academic attitude started with her 1985 "Manifesto.” Any serious stu-
dent of cyborgology must explore her work directhy and at length, and should
certainly read her collection of essays Cyborgs, Simians and Women (it includes the
“Manifesta”), if nothing else.?

We've also not given fiction its due. Although we have three pieces of fiction,
including a science fiction story, the role of fiction in cyborgology has been, and no
doubt will continue to be, much greater. The compleat cyborgologist must study sci-
ence fiction as the anthropologist listens to myths and prophecies. Science fiction
has often led the way in theorizing and examining cyborgs, showing their prolifera-
tion and suggesting some of the dilemmas and social implications they represent.
And several important critics—Kate Hayles, Scott Bukatman, Fredric Jameson, Anne
Balsamo, and Donna Haraway come to mind=have used these fictional resources to
explore the cyborg and the ways hefshefit affects our ideas of the *human.”
Bukatman's Terminal Identity in particular explores fictional versions of many of the
themes sounded by our contributors and is highly recommended.

This book is by and large limited to a Euro-American perspective despite the few
articles that discuss Africa, Brazil, and the Middle East. It is particularly unfortunate
that there is little on Japanese culture and cyborgs. Although much work is in
progress on cyborgs in Japan and other parts of the world, often by contributors to
this volume, only what is here was available for publication. In the future we are
confident that perspectives from other cultures will increase our appreciation of the
cyborg and therefore enrich our understanding of ourselves.

This book is organized into three main sections First, in "The Genesis of Cyborg,”
which conceptually includes this introduction, the prehistory and birth of the cyborg
figure are explored. This article is followed quite appropriately with a discussion of
“African Influences on Cybernetics” by Ron Eglash. The rest of this section is made
up of documents and interviews by Manfred Clynes, who coined cyborg, and J. E.
Steele, who created the word bionics.

The second, and largest section, is “The Proliferation of Cyborgs.” It is divided into
three subsections that explore the major centers of l.':‘y'h'l.':ll'g pmductinn in aur cul-
ture: science and engineering (particularly in space exploration and war promulga-
tion), medicine, and the imagination.

Since “cyborg” was first used in a proposal to modify humans so they could live in
space without spacesuits, it is fitting that human-machine integra-
tion in space exploration is one of the most advanced sites
of cyborg production in our culture. in 1963 NASA even went so far
as to commission a special "Cyborg Study,” an excerpt of which we reproduce here.
Interestingly enough, even though NASA's policy of human-machine integration,
which dates back to its very beginnings, never changed, after this study the agency
seemed almost allergic to the term “cyborg” and instead used more technical, and
usually specific, locutions like teleoperators, human augmentation, biotelemetry, and
bionics. Two other articles in this subsection come out of the space program: a his-
tory of “Teleoperators and Human Augmentation,” from a NASA and Atomic Energy
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Commission study on this cyborgian technology and an interview with Dr. Patricia
Cowings, head of NASA's Ames Research Center. As an African-American woman
scientist doing cutting-edge biofeedback rescaich she has an interesting point of
view on cyborg technoscience.

NASA tothe h

since much of its technoscience, especaly in omedicine, came out of mg us
military, committed to what they call the man-machine weapon system

World War Il A huge part o the cyborg family tree is profoundly iaricd The
anthropologist Hugh Gusterson tels  tale with a cyborg theme from his ethno-
graphic study of nuclear protesters and weapon makers in California. There are sev-
eral pieces on the Pilots Associate by Chris Gray and DARPA, and there is an essay.
by Les Levidow and Kevin Robins on the implications of the militarized cyborg for
the future. Levidow and Robins are the editors of Cyborg Worlds: The Military
Information Society, the definitive collection of essays on miltarism and cyborgs.

ends with Heidi 1. Fig 's analysis of Hans Morevec's
fascinating book, Mind Children, which sings the praises of a future life-style orga-
nized around downloading human consciousness into machines, his favorite bear-
ing a remarkable resemblance to 3 tumbleweed.

The next subsection focuses on medicine, a crucial locus for the production of many
different types of cyborgs and cyborgian relationships. Adele Clarke, a medical sociol-
ogist, begins with an overview of cyborgian medicine called "Modernity, Post-
‘modernity € Reproductive Processes,c. 1890-1990, or'Mommy, Where Do Cyborgs
Come From Anyway?" This i followed by a fascinating, almost biter,aricle about
the experience of Barey Clark,the dentist who received the first artificial heart, s
seen by the s acute an

xperitnce Then thre s abstract of the most mportant officilUS.studyofat
ficil organs,the Van Citters Report. It s followe by aricis by active medical
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researchers, Motokazu Hori's "Artificial Liver: Present and Future®™ and Eli Friedman's
revealing essay on some of the motivations for artificial organ developers.

George Annas, one of the foremost legal authorities on bioethics and medical
cyborg issues, here imagines a legal opinion from the future on rationing artificial
organs “Minerva vs. the National Health Agency.” The subsection ends with essays
by two of Adele Clarke's colleagues, Monica E‘asptr and Linda Hogle, who analyze
in turn, the "Fetal Cyborgs and Technomoms® at the start of the twentieth century,
Euro-American cyborg's life span, and the donor cyborg or "living cadaver” status
they may well achieve at the end.

The last, and perhaps most important, site of cyborg production today is the imagi-
nation. Not that militarized technoscience and medicine aren't fueled by imagina-
tion themselves, but there is a realm of pure fantasy production which has
produced some of the most startling, and insightful, takes on cyborgs.

The first piece in this subsection is from "Captain America to Wolverine,” a survey
by Mark Oehlert, of some of the most revealing of the cyborg comic characters. In
“Recalling Totalities,” Jonathan Goldberg presents a Lacanian reading of Arnold
Schwarzenegger. It is followed by David Tomas' look at the implications of his
"Cybernetic Automaton® performance art. lennifer Gonzdlez then offers five beau-
tiful readings of cyborg iconography. Next comes Cynthia Fuchs' brilliant analysis
of some contemporary cyborg images, especially the "Death is Irrelevant” Borg of
Star Trek: The Next Generation. Philip K. Dick's classic science fiction tale, "I Hope |
Shall Arrive Soon,” has as its main character a cyborg spaceship. Then Katherine
Hayles uses a close reading of a number of the most important cyborg fictional texts
to describe “The Life Style of the Posthuman.” Finally, the section ends, appropriately
enough, with Lois Gresh's captivating story about the love life of cyborg plants.™

The third major division of The Hondbook addresses the implications of cyborgs
more than their specificities. It contains two subsections "Cyborg Anthropology”
and "The Politics of Cyborgs.”

The first is a series of anthropological interventions. Anthropologists have taken the
cyborg figure particularly to heart, as illustrated in the first piece, a manifesto pro-
mulgated by Joe Dumit, Gary Lee Downey, and Sarah Williams which calls for
*Granting Membership to the Cyborg Image.” Joe Dumit follows with a meditation on
the cyborgian implications of brain machines, followed by Gary Lee Downey's discus-
sion of "Human Agency in CAD/CAM Technology.” David Hess then defines "Low-Tech
Cyborgs” while also describing his anthropological field work in Brazil. Finally Sarah
Williams, who is involved in a long-term ethnographic study of anthropology itself,
reflects on this work in "Visions of Cyborg Anthropology in Post-Cultural Worlds.”

This section ends with a series of interventions about the socio-political implica-
tions of cyborgism. First, Sandy Stone muses on the tensions between subjectivity
and virtuality. Chela Sandoval then analyzes the intersection of her reflections on
oppositional consciousness with the work of Donna Haraway and the cyborg figure.
Joseba Gabilondo, the noted Basque author, articulates the poetics of the post-
colonial cyborg's politics. The team of Ray Macauley and Angel Gordo-Ldpez also
explores the political ramifications of possible cyborg consciousness in "Cyborg
Textualities.” Lorne Falk and Mireille Perron put cyborgologists into perspective in
their cheerful play, "The Conversion of Pére Version.” Finally, two of us [Chris Gray
and Steven Mentor) give their own interpretation of “The Cyborg Body Politic.”

{10
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At the very end come the appendices and the index, which in this case are not mere
afterthoughts. There is a vast cyborg fiction, much of which is listed in the annotat-
ed fiction bibliography and the filmography. But, like the technical literature from
computer science, medicine, genetics, and bionic engineering, there is too much of
it to track completely. There is some technical literature in this volume, and techno-
scientific work is often cited at great length in many of the theoretical articles, but
there has been no serious attempt to list all of the technical cyborg articles and
books in the nonfiction bibliography. The bibliography here, while perhaps the most
extensive on cyborgology yet put together, contains only major technical works and
most of the English-language theoretical and descriptive articles on cyborgs and
closely related phenomena, but it is not exhaustive.

I have always been told that we manipulate the system, but what's to keep
the system from manipulating us? Symbionts. Soon, perhaps it will be
impossible to tell where human ends and machines begins.

—Mourcen McHugh, China Mountain Zhang (p. 214)

‘Change for the mochines,’ she sighed heavily. "That's all we've ever done is
change for the machines. But this is the lost time. We've finally chonged
enough that the machines will be making all the changes from now on.’
—Pot Caodigon, Synners [p. 334)

Cyborgology must go beyond traditional academic boundaries. While some of the
articles are quite clearly from one particular discipline (particularly the medical
works and some of the social science analysis) most of them are interdisciplinary
and multidisciplinary. Many even transcend the hard boundaries between the
humanities, the sciences, and the arts To validate this mixing, as well as those
tenacious pockets of disciplinarity, we have allowed the authors to keep their own
citation style for their works. This has the added advantage of preserving the for-
mat of the historical documents, an important consideration when how something
is cited can be just as important as what. For the rigorous academic reader this
may be off-putting, but please use this small bit of heteroglossia in the spirit in
which it is intended, to broaden our perspective.

Cyborgology, too, must be multicultural. While Western Culture has played a con-
spicuous role in the launching of the Cyborg Age, cyborgs are basically a cross-cul-
tural phenomena just as tool and machine invention and promulgation were and
are. This issue is discussed here but we do lack an extended treatment of the idea
of the cyborg in other cultures. As noted above, this is a particularly glaring omis-
sion in the case of Asia, where China and Japan have a long history of making, and
reflecting on, automatons and complex human-augmenting machinery and tools.

Today, Japan is an especially fertile nursery for cyborgs and cyborgologies. Frederik
Schodt argues in his book Inside the Robot Kingdom: Japan, Mechontronics, and
the Coming Robotopia that the Japanese have a different perspective from that of
the West on robotics and cyborgs. It is striking that many Japanese corporate slo-
gans are s0 cyborgian. Consider Mitsubishi's “sociotech,” Hitachi's "humanication,”
and Matsushita's "human electronics.” In addition to being a center for advanced
computing and artificial-organ research, Japan has seen an incredible proliferation
of cyborgs in its comics. Among scientists there is a great deal of speculation on
these topics and Ichiro Kato, one of Japan's most important roboticists, believes the
future will be a "cybot” society of robots, humans, and cyborgs.

11}
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Other countries are undergoing their own confrontations with the Cyborg Society,
whether in Vietnam, where a number of prosthetics factories have been set up to
deal with the aftereffects of the long war there, or in Guatemala, where a key part
of Mayan cultural and political resistance takes place around the question of access
to computers and international networks. Diane Nelson, who has been studying

this resistance, concludes,

The information revolution and generations of indigenous struggle have
opened up o new arena where Mayan intellectuals can hack the Ladino power
structure, i.e. overcome system limitotions, decode and reprogram
post-coloniality by pressing ‘enter’ These octivists ore insisting on the
approprioteness of their presence in the post-modern world by appropriating
what they term universal culture for their own ends. One Mayan leoder fold
me, “The Maya give thonks for food, for oir, for the tools which serve us, the
office mochines, and the computers.” The ALMG (Guatemalan Mayan
Longuage Academy)] maintains thot the “decoloniolization of the Maya begins
with knowing how to use technology and not being used by it." "

These are just a few of the many possible examples that illustrate how ubiguitous
cyborgization is becoming, and how multifaceted it is. But with so much happening
in so many ways, what should we pay particularly close attention to?

While this book certainly doesn't offer any definitive answers, a glance at the
cyborg questions and implications that seem to preoccupy the vast majority of the
cyborgologists here is very revealing. Specifically, there is a fascination (but no con-
sensus), with agency and subjectivity. Despite the many contemporary arguments
for granting machines agency and for denying humans subjectivity the tenacity of
the traditional view is measurable in the efforts to refute it. This is unsurprising,
given that the ontology of cyborgology is embodiment. Without it the figure does
not stand. Add to this the weight of our own embodiment and reconstructing this
basic metaphor can seem very difficult indeed. Yet, bit by bit, the cyborg relation-
ship is shifting it. As it shifts, so to do other meta-narratives, like the complicated
didactic stories we call ethics.

Could there be a cyborg ethics? Yes, we think so. And not just one. Several systems
are implicitly elaborated in the pages that follow. Clearly it will not be beyond good
and evil, but new constructions of good and evil, new regimes of good and evil, to
be Foucauldian, are inevitable.

David Channel has elaborated what he calls a "bionic® ethic:

A bionic ethic must toke into considerotion both the mechanical and the
organic aspects of the cybernetic ecology in order to maintain the system’s
integrity, stability, diversity, ond purposefulness. Neither the mechanical nor
the organic can be allowed to bring about the extinction of the other. The
Vital Machine, p. 154).

Perhaps his bionic ethics, or something like it will help with the real-life cyborg
dilemmas more and more people are facing these days. However, it doesn't seem
like it will work for all cyborgian problems. For example, the grandmother of one of
the editors had a pacemaker installed in her chest a few decades ago. It allowed
her easily a dozen or more good years of life. Then, one day, a blood vessel burst in
her head. She was, in today's medical slang, "single dead.” Now normally when this
happens the signals from the brain that tell the heart to keep going cease, and the
body dies, or achieves full death. She had insisted in her Living Will that no extra-
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ordinary measures be taken. But they already had been. She had been a cyborg for
years. She had an electromechanical pacemaker that told her heart to keep beating.
It could not be legally turned off. For a number of days she was kept in the neo-
mort state (obeying Channel's maxim that neither organic nor mechanic was to
bring about the extinction of the other), causing much emotional and financial
pain. Finally, the heart stopped and she died (legally), quickly reaching “triple dead.”

Her family, like the contributors to this volume, seek to understand the implications
of the cyborg, because the more we understand the better we can predict, or even
change, the results of our society’s actions and fascinations. As Donna Haraway
explains in her 1993 essay, "A Game of Cat's Cradle,” this is a "messy” business.

What constitutes an apparatus of bodily production cannot be known in
odvance of engaging in the always messy projects of description, norration,
intervention, inhabiting, conversing, exchanging, ond building. The point is to
get at how worlds are mode and unmade, in order to participate in the
process, in order to foster some forms of life and not others. If technology, like
languoge is o form of like, we cannot offord neutrolity obout its constitution
and sustenance. (p. 63)

In any event, if your grandmother, or anybody you love, is thinking of getting a
pacemaker you can't afford neutrality. Maybe it isn't so bad to “change for the
machines” if we know what those changes offer, and cost. Maybe we need to know
that in order to decide how we are going to change the machines ourselves. And,
finally, perhaps there is as much hope as horror in the realization that China
Mountain Zhang comes to in Maureen McHugh's story, “Soon, perhaps, it
will be impossible to tell where human ends and machines
begin.” There are, after all, more important distinctions to make, between just
and unjust, between sustaining and destroying, between stable and erratic,
between pleasure and pain, between knowledge and ignorance, between effective
and ineffectual, between beauty and ugliness.

All of these are dangerous dualities, to be sure, but spectrums we have to face in
any event, even if only implicitly or by omission. Once, most people thought that
artificial-natural, human-machine, organic and constructed, were dualities just as
central to living, but the figure of the cyborg has revealed that it isn't s0. And per-
haps this will cast some light on the general permanence and importance of these
dualities. After all the cyborg lives only through the symbiosis of ostensible oppo-
sites always in tension.

We know, from our bodies and from our machines, that tension is a great source of
pleasure and power. May cyborg, and this Hondbook, help you enjoy both and go
beyond dualistic epistemologies to the epistemology of cyborg: thesis,
antithesis, synthesis, prosthesis. And again.

The Editors

1 The term cyborg was first coined by Manfred E. Ciynes, who co-authoned, with Nathan 5. Eline, the arli-
cle “Cyborgs and Space,” in 1960, and he has a particular and precise definition of cyborgs [See the
reprinted article, and the 1994 interview with Manfred Clynes, this volume. All works mentioned in this
article are cited in full in the bibliography.]

2 The issue of (postimodernity is addressed in many of the contributions here, including our own, 50 suf-
fice it to say that there is 8 startling temporal and geographical correlation between cyborgism and post-
mOdernism.
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3 The distinction between a Society of Cyborgs and Cyborg Society was first brought to our attention by
our colleague Joe Dumit.

4 Among cyborg mega-stars one can clearly contrast the basically human “Six-Million-Dollar Man® with
the gloriously cyborgian RoboCop and the almost totally robotic Terminator models. In Stor Trek: The Next
Generation there is another possible schema for classing cyborgs. There's Picard with his artificial heart,
Geordi with his visor, Worf with a regenerated spine, Riker's clone, created through a transporter mishap,
and Data with his downloaded human memories and emotions. The Borg culture is a particularly impor-
tant cyborg type [see Cynthia Fuchs' article, this volume] but there have also been many other cyborgian
variations from computer-generated life (including the ship itself giving birth) to holo-deck creatures with
embodiment and consciousness.

The technical literature also produces complex cyborg typologies. Teleoperated systems, exoskebetons, vir-
tual embodiments, biological androids, robots with biocomponents, genetically engineered organisms, arti-
ficial life forms, artificial intelligences, inert and interactive prosthetics, all have specific definitions and
much wider connotations. n cyborgology, Mazlish, for example, has used the term *homo comboticus® to
describe “computer man.” Bolton writes of Turing's Man in his pro-cyborg book of the same name and
Channell proclaims the age of the Vital Maching.

& There are at beast two more types of purely medical oyborgs as well: neomorts and persistent vegetative
state (V5] patients.

6 One possible reading of these might be:

sLarge cyborg entities are mege-cyborgs, including gigantic infantrymen wearing mind -controlled
exoskeletans (a Los Alamos Labs project], gigantic human-maching weapons systems (such as "Star Wars®
in some of its more grandiose formulations), or even world-wide (empire or the UN) or galaxy-wide (the
United Federation of Planets or the "Borg) cyborg body politic, good or evil.

s5emi-cyborgs are organisms that are only intermittently cyborgs, Hice dialysis patients linked to the
life-giving maching 30 hours a week; or some small semi-industrial countries, which are only part of the
world economy and world telecommunications culture at a limited number of specific places and
moments

=Multi-cyborgs are combinations of various types of cybongs, or have the ability to shift among flavors of cyborgs.
sOmni-cyborgs make of everything they interface with a cyborg, like the omni-cyborgain theory of articles
such as this one.

*A neo-cyborg has the outward form of cyborgism, such as an artificial limb, but lacks full homeostatic
integration of the prosthesis

«The proto-cyborg lacks full embodiment,

*The uitro-cyborg is an enhanced cybernetic organism, greater in its realm than any mere machine or
all-rmeat creature, as with soldier cyborgs, literally, or with some athletes and mega-stars, transformed
throwgh drugs, foods, the body-sculpting of exercise, cosmetic surgery, or digital enhancement of their
woice and image.

=A hyper-cyborg might be one where cyborg embodiments were layered or in some other way cobbled
together into greater and greater cyborg bodies.

A retro-cyborg would be one whose prosthetic-cybernetic transformation was designed to restore some
last form; in the case of a psewdo-retro-cyborg, a lost form that never was.

»The meta-cyborg is the non-cyborg citizen in cyborg society; it is cybong society itself. They are not cybongs
in the strict definition of the technical term, but in context and process they are most certainly cyborgian.

7 Besides "surfing” the Internet constanthy, the best way to monitor the spread of cyberculture is to read
magazines like Wired, Mondo 2000, Boing-Boing, Future Sex, and Extropy: The Journal of Tronshumanist
Thought.

8 We prefer the term “attitude” to discipline because we reject (eschew) any claims to disciplinarity, We
are interdisciplinary schalars, or multidisciplinary; how could we be otherwise and study cyborgs?

5 We alzo strongly encourage you to read, besides the works mentioned prominenthy in the text, Brahm
and Driscoll’s Prosthetic Territories, Dery's Flome Wors, Livingston and Halberstam's Posthuman Bodies,
and the best collection of cyborg fiction yet assembled, Scortia and Zebrowski's Human-Mochines

10 This taut tale was the winner of our First, and Last, Annual Cyborg Short Story Contest.

11 There is a special relief agency that provides prosthetics for war victims, Handicap International, which
i% building a prosthetics workshop in Quan Tri hospital. See Malcolm Browne “They still die at Khe Sanh a3
farmers plow up shells” The Oregonion, May 15, 1994, p. A5, Diane Nelson's work is described in her arti-
cle, "Maya-Hackers and the Cyberspatialized Mation State: Of Lizard Queens and Science Fiction in
Guatemala,” unpublished, 1994, from which the quote is taken. She, in turn, is quoting (and translating)
from Documentos del Seminario; Situacidn Actual y Futuro de lo ALMG, Guatemala: Patrocing del
Ministerio de Cultura y Deportes, 1990, p. 42,
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The problems of natural/artificial dualisms encountered by
cyborgs are similar to those which plague activists and the~
orists in the lonx ‘historical battles against racism. Primitivist

, and thus “closer h

nature” ings.

direct bodily sensati ientali by
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AFRICAN INFLUENMCES |8 CYRERNETICS

Opposition to racism has often been composed through two totalizing, essentialist
strategies: sameness and difference. For example, Mudimbe (1988) demonstrates
how the category of a singular "African philosophy” has been primarily an inven-
tion of difference, having its creation in the play between “the beautiful myths of
the "savage mind’ and the African ideological strategies of otherness” In contrast,
structuralists such as Lévi-5trauss have attempted to prove that African conceptual
systems are fundamentally the same as those of Europeans (both having their basis
in arbitrary symbal systems). The problem of these unitary assessments of episte-
mological status is made particularly clear by the contradictions in the philosophic
approach of Sandra Harding, where African conceptual views were at first charac-
terized as the holistic opposite of Western reductionism (Harding 1989), and then
soon after as having exactly the same analytic approach as Western science

(Harding 1990). As Mudimbe notes, neither sameness nor difference will suffice.

This critique indicates that the analysis of interactions between cybernetic theory
and the African diaspora should not be limited to a purely epistemological perspec-
tive. At the same time, however, socially grounded analyses of science have all too
often presented a kind of "Realpolitik® approach to the social construction of
cybernetics, one in which the science of computation and con-
trol systems is merely a thin disguise for methods of social
domination and control (e, Lilienfeld 1974). Here any subaltern identity
(female, non-white, working class, etc.) appears only as yet another powerless vic-
tim, and typically one for whom a previously natural existence is endangered by

the intrusion of artifice. Thus the focus of this essay on African contributions to
cybernetics is not an attempt to overlook the brutal tragedies enacted by that sci-
ence, but rather to underscore the multifaceted aspects of its history, and thus
possibilities for resistance and reconfigurations. By moving between questions of
epistemological structure and social constructions of science, this essay will sug-
gest some possible origins of cybernetic theory in African culture, ways that Black
people have negotiated the rise of cybernetic technology in the West, and the con-
fluence of these histories in the lived experience of the African diaspora.

information and Repressntation in Cybernetics

Cybernetic theory is based on two dimensions of commu-
nication systems. One is the information structure, the
other the physical representation of that information. The
most fundamental characteristic of an information structure is its computational
complexity, which is a measure of its capacity for recursion (i.e, self-reference,
reflexivity). This mathematical result agrees nicely with our intuition about the cru-
cial role of reflexive awareness in our own “information structure.” The most
{fundamental characteristic of a representational system is
the analog-digital distinction. Digital representation requires a code
table (the dictionary, Morse code, the genetic code, etc.) based on physically arbi-
trary symbols (text, numbers, flag colors, etc.). Saussure postulated this characteris-
tic when he spoke of the "arbitrariness of the linguistic signifier.” Analog
representation is based on a proportionality between physical changes in a signal
and changes in the information it represents (e.g., waveforms, images, vocal into-
nation). For example, as my excitement increases, so does the loudness of my voice,
While digital systems use grammars, syntax, and other relations of symbolic logic,
analog systems are based on physical dynamics—the realm of feedback, hysteresis,
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and resonance. This dichotomy is fundamental to current cybernetic debates con-
cerning, for example, which type of representation is used by neurons in the
human brain, or the type recommended for artificial brains.

In the first years of American cybernetics, analog and digital systems were seen as
epistemologically equivalent, both considered capable of complex kinds of repre-
sentation (cf. Rubinoff 1953). But by the early 1960s a political dualism was cou-
pled to this representation dichotomy. The "counterculture” radicals of the
cybernetics community—MNorbert Wiener, Gregory Bateson, Hazel Henderson, Paul
Goodman, Kenneth Boulding, Barry Commoner, Margaret Mead, among
others—made the erroneous claim that analog systems were more concrete, more
“real” or "natural,” and therefore (according to this romantic cybernetics) ethically
superior. In social domains, this converged with Rousseau's legacy of the moral
superiority of oral over literate cultures.’ Thus, for example, McLuhan (1966) writes:
It was ... o considerable revelation when writing come to detribalize ond to
individualize man.... Cybernotion seems to be toking us out of the visual world

of classified doto back into the tribal world of integral potterns and corporate
awareness (Mcluhan 1966, p 102).

For African-Americans this meant a debilitating valorization. They could use this
ethical claim to combat some racism, but only in terms of identifying as uncon-
scious, innocent natives in a lost past. Thus African modes of representation in the
use of sculpture, movement and rhythm were often abandoned to modernist
claims that Africa was the culture of non-representation, the culture of the Real.
By the 1970s, widespread epistemological critiques of realism—noting that it is rep-
resentation that allows self-consciousness and intentionality—resulted in interpre-
tations which limited cultural analysis to arbitrary signifiers. African dance, for
example, would be a set of movement symbols, not a waveform.

Subsequently, African cultural analysis became split between those who retained the
modernist trope of African identity grounded in naturalist realism (recognizing ana-
log systems but refusing to see them as representation), versus those who adopted
the postmodern trope of textual metaphor (which avoids primitivism at the expense
of abandoning recognition of analog systems)-reggae versus rap.’

Postmodern cybernetics, however, has shown that analog systems are capable of
the flexible representation required to perform complex (Turing Machine-equiva-
lent) computations, as demonstrated in both theory and experiment (Wolfram
1984, Touretzky 1986, Rubel 1989, Blum, Shub and Smale 1989). In particular, a
new appreciation for analog systems was fundamental to the rise of fractal geom-
etry, nonlinear dynamics, and other branches of chaos theory (Gleick 1987, see
also Dewdney 1985, Pagels 1988). By viewing physical systems as forms of compu-
tation, rather than merely inert structures, researchers became open to the possi-
bility of having infinite variation in deterministic physical dynamics. Analog
systems can achieve the same levels of recursive computa-
tion as digital systems; the two are epistemological equals.

In other words, the appeal to digital systems in African culture may well have been
a necessary antidote to the skewed social portrait of it, but it is not the only

recourse for combating ethnocentric epistemological claims. African cultures have
indeed developed systems of analog representation which are capable of the com-

19 }

» Google e



ST plexities of recursion, and there are indications that this indigenous
technology has been in conversation with cybernetic concepts in the
west
Africa in the origins of the cybernetics
The use of African material culture as a form of analog representation
is particularly vivid in cases of recursive information flow. In African
architecture, recursive scaling—that i fractal geometry—can be seen
in a variety of forms In North Africa it s associated with the feedback
of the “arabesque” artisic form, particularly in the branches of
branches forming city streets (figure 1). In Central Africa it can be
seen in additive rectangular wall formations (figure 2),and in West
swils of circular 3
Thisis not imited 0. visul argument;the fracta tructure of

analvsns of digtized photos n Eglash and Broadwel (1989

Recursive scaling in Egyptian temples can be viewed as a formalized
version of the fractal architecture found elsewhere in Africa, and is
most significant in it use of the Fibonacc sequence (Badawy 1965;
see Petruso 1985 for additional Egyptian use of the sequence). The
sequence is named for Leonardo Fibonaci (ca. 1175-1250), who is
i withan

Europe (Schroeder 1991, p 85). The Fibonacei sequence was one of the
first mathematical models for biological growth patterns, and inspired
Alan Turing and other important figures in the history of computa-

boy, and devoted his years there to mathematics education (Gies and
G 0 1960 i s poste tht his seminal xample o ecusive scaling
LS5 s of African origin

3.2l S oo Benoit Mandelbrot,the “father of fractal geometry” reports that his

invention is the result of combining the abstract mathematics of
Georg Cantor with the empirical studies of H. E. Hurst. Cantor was a

mathematics with hs religious belief. His cousin Moritz Cantor was a

g
Given these facts, and the similarity of this first European fractal to
the Egyptian architecturalstructure symbolizing creation (the lotus),
an Egyptian origin s ikely here as well. H.E. Hurst also has Egyptian
connections, as il be discussed shortly.

') in
forms, where it is often related to animist reigious concepts.
Although frequently reduced to “fetish or “natural spirituali-
1y" in western descriptions, animism is, on the contrary, typically con-
cerned with a cultural transfer of information or energy through

Fig.3. Songoy vilage of Lobbazanga  physical dynamics. While animist rligions are stillactive in Africa

today, this conception of animated physical form is quite ancient, and
is reflected in the myths of God creating humanity from clay.In some North
African traditions certain spiritualists could create their own clay robots, “golems”
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Goldsmith (1981) reports golem legends going back to the fourth cen-
tury B.C.E., and describes their continuing popularity in Jewish legend.
Norbert Weiner, the Jewish founder of analog cybernetics, was quite
influenced by this concept of information embedded in physical
dynamics (Heims 1984, Eglash 1992). He made several references to
the golem in his writing, and reported that even as a child he was fas-
cinated by the idea of making a doll come alive. His religious identity
was closely tied to gashmuit, the informal, physical (and traditionally
female) side of Judaism, and he was particularly proud of his ancestry

Fig. 4. Mandelbrot fractal
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Fig. & - Cyclic time in Africa. Cycling oge-grode system
of the Karimojong of Uganda. They recognize four
fixed generation sets, encompassing o fotal span of
100 to 120 years. Fach generation set is subdivided
into five age sets. The Gazelles and Zebras, who are
calied “yeilow” because of their bross ornaments, are
associaoted in o grondfather-grondson relotionship. A
simifar relotionship exists between the “red” genera-
tion sets, the Lions and Mountains. In this diagram
only the Zebras aond the Mountains are active, the for-
mer in @ poasition of authority ond the lotter of obedi-
ence. (in foslovsky 1973, p. 263
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to famed Egyptian physician Moses Maimonides.

In addition to spatial analog representation, many African societies
have developed techniques for the analog representation of
time-varying systems, including transformation into frequency- or
phase-domain representation. In figure 5 we see animist energy flow, drawn by a
Bambara seer for the author, visualized as a spiral wave emanating from a sacrifi-
cial egg. The dashed lines inside the figure are a digital code symbolizing good for-
tune. Undulatory schemes in Egyptian art (Badawy 1959) show an understanding
of motion as a rhythmic time series, and the transformation of time-series to a fre-
quency-domain representation can be seen in African conceptualizations of circu-
lar time (figure 6). The extreme in African time-series analysis is the search for
patterns in the Nile floods. The most recent data set, taken once a year for 15 cen-
turies, became the basis for the work of H.E. Hurst mentioned previously. A British
civil servant, Hurst spent 62 years in Egypt, and finally deduced a scaling law, based

on this time-series, which Mandelbrot used to bring
Cantor's abstract set theory into empirical practice.

The most commaon frequency analysis used by
Weiner and others in modern cybernetics is the
Fourier transform. Fourier began his work with an
analysis of Descartes' theory of equations; he did not
leave this static framework until his expedition to
Egypt in 1798, where he analyzed the geometry of
Egyptian architecture. It was here that he devised
the basis for the Fourier transform. A comparison of
Fourier's visualizations of convergence of a sequence
with a diagram of Egyptian architecture [which,
because of the Fibonacci sequence, also shows con-
vergence to a limit), suggests that the African con-
cept of recursive structure and dynamic form may
have contributed to this analysis as well.

African influence in American cybernetics

Related to these systems of analog recursion are
studies on computational self-reference; these too
have possible African influences. For example,
Seymour Papert, a white computer scientist who
championed hierarchical, non-recursive computing
in the 1960s, made a dramatic conversion to decen-
tralized computation following his U.N. work in
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Aftica in the mid-70s. Another white engineer, N. Negroponte, developed his con-
ceptions for self-organized computing following his study of *veracular architec-
ture,” most of which was Afican. Earl Jones, one of the first African-American
computer engineers, was in innovator in decentralized data distribution.

Analog computing networks have become increasingly important in the post-mod-
ern phase of American cybernetics, where they are no longer a stronghold of holis-
tic hippy science, but rather a promising (and well-funded) area of research for the
military and industry (Eglash 1990, 1992). Afrcan influences in American science
date back to the contributions in biological knowledge and metalwork by slaves;
the biologica (especially botanical) i particularly significant for cybernetics due to
its involvement in models of information coding. While romantic accounts of cul-
tural difference would use botanical expertise to emphasize the *naturalness" of
Aftican traditions,this is cerainly not the only interpretation. George Washington
Carver, for example, declared that not only did God create the Kingdom of Plants
and the Kingdom of Animals, but that He aso had a “Kingdom of the Synthetic."
This spiritual legitimation of the artificial fits wellinto the African religious tradi-
tions of analog representation discussed previously.

Adirectline for African influences in analog cybernetics can be seen in the work of
E.E.Just, who used music as both a conceptual model for decentralized bm\wcz\
and as a cultural basis for s African h

(Manring 1983,p. 203,261 Juts work artcuarly that on nformation cod-

on-sy (based ir part on J against the
position that the only intracellular information is that of a “master code” in the cell
nucleus), was taken up by Ross 6. Henderson, an important influence in the
General Systems Theory (GST) community (Haraway 1976), which in turn infiu-
enced the origins of cybernetics through studies of aggregate self-organizing phe-
nomena and positive feedback loops.

As previously noted, the GST and related cybernetics community
took a romanticist turn in the 1960s, which resulted in a disabling
of the analog conception by Realism (cf. Varela's account of the
“nonrepresentationist point of view" developed in the 19605 with
McCulloch, Maturana, and others [Varela 1987, pp. 48-43)). What
little involvement the Black community had in the cybernetics.
movement was, however, often opposed to this fomantic tendency.
For example, at the first Cybercultural Research conference in
1966, James Boggs, a Black politial activist, suggested that the
“new cybercultural society” would not be alienating to Blacks
because (unlike whites) they could draw on a labor history in which
their dual identity as both tiological automatic machines and the
makersfusers of machines were deeply imbricated with their cul-
Fig. 7. Mony troditional Africon hirstyles tural identity (Boggs 1966, p. 172). Black identification with cate-
b oo, dorics o the aricialar er poliicalbut comverge with the
ids T i, e fisa tresse rom hat informed Carver and

paralel the animist lgitimations of the artificia in Africa.

The lived experience of African-Americans' interactions between these African
diasporic innovations and their survival of American racism is particularly apparent
in the work of African-American women. As Nakano Glenn (1992) argues for the
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case of service workers, gender and race cannot be reduced to "additive oppres-
sions,” and must be seen as the site of an interlocking or relational dynamic. For
example, both the traditional work of African women [Hay and Sticher 1984), and
specific labor locations for women of all ethnicities in America have contributed to
the frequency of their involvement in biomedically related fields. From 1876 to
1969, over half of the Black women science Ph. D.s have been in bio-sciences (lay
1971), and the Black women inventor, Clara Fry, specialized in health-care tools
(James 1989, p. 80). The most relevant example in cybernetics is the work of
Patricia Cowings, who makes cyborgs for NASA. In an interview in this volume,
Cowings discusses her use of analog biofeedback as a method for reducing motion
sickness in space, and notes several complex interactions between her identity as a
Black woman and her successful career in cybernetics. Yet she has distanced herself
from the claims for any simple mimesis of "African culture® in her construction of
cybernetics. The contributions of African-American women to what has become
modern cybernetics should be seen as a form of resistance that cannot be reduced
to either the restoration of tradition or a relocation to universalism.

Biack cybernetics in the postmodern era

The rejection of cybernetic romanticism by radical African-Americans was no
longer necessary by the mid-70s, when youth sub-culture had turned from hippy
naturalism to the urban affinity of punk-rock and hip-hop (Hall 1980, Hebdige
1987, hooks 1990). Thus the popular rap group Digital Underground displays an
appreciation of cybernetics which is politically oppositional but no longer primi-
tivist or naturalizing. While the impact of new cybernetic technologies on African-
American communities has been part of a long history of labor displacement (Jones
1985, Hacker 1979), environmental racism, and other subjugations, here we can
alsp see some hints for the appropriation of technology in new configurations. For
example, the famous "scratch”™ sound in hip-hop came about when the normally
silent back-cue of the dee-jay’s turntable was amplified and moved in time to the
beat, thus changing a passive reproduction into an active synthetic instrument;
turning tables on the turntable.

To what extent is this subcultural cybernetics merely “bricolage™—reassembling
available components for a practical goal—and to what extent is it a deeper under-
standing of abstract principles? First, we should note that "official® cybernetics is
both; it used pre-existing abstract principles—feedback, information theory, etc.—for
practical application in a new assemblage. Indeed, the divisions between bricolage
and science in general are far more permeable than we have been led to believe. This
point has been admirably made in Sherry Turkle's study of bricolage programming
styles in the hacker community, where she also notes that the interaction between
popular culture and the scientific community is an active source of ideas in both
directions.

Let us pursue this question a bit further. Setting aside both the definition of cyber-
netics and its interaction with popular culture, what kinds of technologi-
cal capability does the vernacular cybernetics of the
African-American community represent? One clear illustration
can be found in the striking utilization of the analog/digital dualism for the pro-
duction of musical signifiers in the divisions between reggae and rap music. As pre-
viously noted, reggae is more aligned with the naturalizing trope of modernity, and
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Rap

Fractal Dimension
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1.274

1.259
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1.454

1.286
1.341
1.329
1.285
1,386
1.374

Figure 8: Fractal dimension differences in Rap v& Reggae

rap with the artificial affinities of the postmodern. In reggae we see the language
of analog representation. "Rastaman Vibration® lets us "tune into de riddem;” we
become resonant nodes linked by the waveforms of a polyphonic beat. In rap music
it is digital communication that signifies cultural identity. Natural harmonies are
broken up by arbitrary soundbites and vocal collage, and the melody is subordinat-
ed to a newly spliced code; a mutant reprogramming of the social software,

From the viewpoint of cultural studies, the utilization of the analogfdigital division
in reggae vs. rap does indeed count as a technological capability. But would it also
count from the view of a cybernetics engineer? The use of the scratch sound men-
tioned earlier is associated with the birth of rap, but phonograph records are analog
devices. Similarly, reggae makes use of an array of both analog and digital audio
equipment. Isn't the use of technological language by African diasporic subcultures
merely linguistic play? The answer is no.

fﬂ:m ot? (Boogie Down Prod ’ Despite (in fact because of] the wide

v is that: ie Down uction

Hold Your Own (Kid Frost) asaprtr:ent of apparatus, I:‘apland ;enggae

Eric B for President (Eric B) almsis ave chattd a techno rﬂ-g!,r r

The Bridge (M.C. Shan) signal processing that would indeed

Supersonic (1) Fad) meet the specificities of current cyber-

Queen of Royal Bodness (Queen Latifah]  netics engineering. The evidence for this

1096 Dis (M.C. Lyte] begins in the work of Richard Voss, who
first measured the fractal dimension for

Many Rivers to Cross Llimmy Cliff) various types of acoustic communica-

Trench Town Rock (Bob Marley) tion in 1977, Voss discovered that the

Pressure Drop (Jimmy Cliff) physical arbitrariness of digital signifiers

Rivers of Babyfon (Jimmy Cliff) meant that the waveforms of digital

You Can Get It limmy Ciiff communication were a succession of

Sing Our Own Song (Judy Mowatt) . ) .

Rock Me (Judy Mowatt) fairly random signals, overall creating a

"white-noise spectrum.” In analog wave-
forms, on the other hand, long-term
changes in information were reflected in long-term signal changes. Since there were
similar information changes on many scales, the result was a fractal structure, or
*1/F noise spectrum,” in the case of analog communication. Thus the waveform cre-
ated by pitch changes in speech, which are primarily due to the phonetic differences
between words, tends toward a white-noise spectrum, while the pitch signal of
music shows the fractal structure of analog representation.

Vioss (1988) later showed that this relationship held for all types of music, both
instrumental and vocal, with samples ranging from Indian ragas to Russian folk-
songs. My own studies (Eglash 1993) show that while reggae music also has this
fractal structure, Tap is the only music (aside from avant-garde experi-
ments such as those of John Cage) which violates this rule (figure 8). The
reason for this is the intentional violation of analog representation by digital cod-
ing, a violation that invokes rap artists’ oppositional stance, but also offers a posi-
tive outlook in the possibilities for their cybernetic innovation. Moreover, the
rap-reggae fusions that are now becoming increasingly popular (e.g. ragamuffin)
have characteristics which indicate that their signals are likely to average a fractal
dimension value half-way between the two. This precision of control over an
abstract cybernetic principle indicates that it is not simply a matter of the adoption
of terminology; African diasporic identity is expressed in these examples through a
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conscious manipulation of complex signal characteristics.
Applications to science education

One might think that such rich vernacular cybernetics
would be an obvious resource for improving science edu-
cation, but such opportunities have been ignored. For exam-
ple, The National Assessment of Educational Progress reported in Anderson (1989)
suggests that Black high-school students have cultural barriers to their participa-
tion in science, based on studies which supposedly indicate “fewer science-related
experiences” (p. 45). But the examples of such experiences—planting a seed, watch-
ing an egg hatch—are primarily naturalistic; the artificial realms of video games
and audio technology, which are surely "science-related,” are completely excluded.
Even more disturbing is the claim of “cultural barriers™ based on reports that "a
substantial portion of Blacks did not have confidence in the ability of science to
solve most or some of our problems,” and that they were "less convinced of the
benefits of science to society.” Here a potential route to involving Black youth in
science education—by recognizing their critique as an intelligent understanding of
science history—is instead dismissed as ignorance.

Similarly, an ideology of individualism is persistently portrayed as a neutral, universal
characteristic of scientific style and rational thought (e.g., Pearson 1985, p. 174)
which African-Americans must adopt. But like the turn to collective computation in
cybernetics, collective scientific production can often be a robust path to success.
Both this obligatory individualism, and the previously noted naturalistic assumptions,
operate in the NAEF's report that African-American youth "did not believe so strongly
as their national peers that individuals’ actions can make a difference in solving soci-
etal problems” Reluctance toward “using an economy car, separating trash for recy-
cling, or turning off lights" are symptoms of this pathology (p. 48). A better
understanding of African-American cultural connections to science would suggest
that such individualistic approaches are neither universal nor uniquely beneficial.

In summary: the history of African interactions with cybernetics does not revolve
around a single essence. It includes white engineers bringing ideas from Africa and
Black engineers who make no claims about inspiration from any ethnic tradition. A
portrait of the multivariate dynamics between the African diaspora and the infor-
mation sciences—from the celebration of popular culture to the struggle of minority
scientists—must be brought together with an understanding of the lived experience
of people, from a multiplicity of ethnic configurations, who have found themselves
fused, networked and oddly interfaced in the evolution of cyborg society.

1. This was combated in different ways by structuralists and post-structuralists. According to Levi-Strauss,
the arbitrariness of non-western symbolics (e.q.. 3 fox stands for stupedity in one mythology and cunning
in another] proves that they are just as digital as Europeans, with the exception of the oralfliterate
dichotomy. Derrida, while agreeing with this position, takes Lévi-Strauss to task for retaining the oralflit-
erate dichotomy, and details how speech is just writing in air instead of paper=thus again using digitaliny
as the justification far epistemological equvalence. Tragically, poststructuralists have adopted Rousscau’s
assumplion that analog representation is nol as abstract as digital.

2. That's not to say that the division is uniform |e.g, occasional use of digital metifs in reggac), nor that
there are not instances of the third alternative, analog representation, on either sde. For example, while
Monique Wittig's The Leshion Body used digital collage to create 3 European-centered self-birthng, Audre
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Cyborgs and Space L

Altering man's bodily functions to meet the requirements of extraterrestrial
environments would be more logical than providing an earthly environment for
him in space...Artifact-organism systems which would extend man’s
unconscious, self-regulatory controls are one possibility

By Manfred E. Clynes and Nathan S. Kline

PACE travel challenges mankind not only tech-
olgically but alo spiritully i tht t invites
‘man to take an active part in his own biologi
lution Scientifc sdvances f the future may thus
be utilized to permit man’s existence in environ-
mants which differ radically rom thoss provided by
nature as we know it.
The task of adapting man’s body to any
goviroumant be may choose willbe made seser by
sed

cybernetic aspecis of which ae st beginning (o e
understood and investigated. In the past evolution
brought about the al i it

ly

different Starting as of now, it will

be possible to achieve this to some degree without

alteration of heredity by suitable biochemical, phys-

iologieal, and slectronic modifications of man's
ting modus vivendi.

desiimed to peovid

found in organ-
ion in the

particular environment of the organism. Examples
of three successful alternate solutions provided by
biological to the

problem with regard to operating temperature are
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“Druge, Space and
Poskenlocisiophel

light Sym,
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man, animals, ish
(organisms with blood that take on the temperature
of the environment).
ious biological solutions have also been
developed for another problem—respiration.
sh, insects, and plants each have a dif.
ferent solution with inherent limitations but emi-
nently suitable for their field of operation. Should
an orga esire to live outside this field, an
apparently “insurmountable” problem exists.
wever, is the problem really insurmount-
able? If a fish wished to live on land, it could not
ol do o, I bowever, o particularlyintelligmt
and resourceful fish could be found, who h
ied  good del of biochemistr and physiology, was
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and had excel-
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taking a small quantity of water along
with him to live on land. The bubble all too
easily bursts.

The biological problems which
xis n spacs travelare mny and varied.
Long-term space voyages, involving flights
ot of days, monthe or sears, but possbly
of several thousand years, will eventually
be hard realities, and resultant physiolog-
ical and psychological conditions must be
considered

ese are reviewed below. In some

, we have proposed solutions which
probably could be devised with presently
a owledge and techniques. Other

solutions are projections into the future
‘which by their very nature must resemble
nce fiction. To illustrate, there may be

conceivably have the ability to design an

instrument which would allow him a live
jand and breathe air quite

the same manner, it is heeﬂm-

ing apparent that we will in the not too

distant future have sufficient knowledge

to design instrumental control systems

which will make it possible for our bodies
todo things which are no less difficult.
‘The environment with which man
is now concerned is that of space.
Biologically, what are the changes neces-
sary to allow man to live adequately in the
i Artificial

much carrying out
the functions of the respiratory system
than by breathing, which becomes cum-
bersome in space. One proposed solution
for the not too distant future is relatively
simple: Don’t breathe!

If man attempts partial adaptation
to space conditions, instead of insisting on
carrying his whole environment along wit

im, a number of new possibilities appear.
One is then led to thmk about the incor-
poration of integral exogenous devices to
Fring sbout the biological changes which
might be necessary in man’s homeostatic
mechanisms to allow him to live in space
qua natura.

The autonomic nervous system
and endocrine glands cooperate in man to
maintan the multple balances required
for his existence. is without con-
scious control, although hey avo amenable
to such influence. Necessary readjust-
‘ments of these automatic responses under
estratarrtrial conditons requirsthe id

of control theory, as well as extensive phys-
Sological knowlodge,

Cyborg—Frees Man to Explore
What are some of the devices neces-
sary for creating self-regulating man.
must

encapsulated in some sort of enclosure
constitute only temporizing, and danger-
ous temporizing at that, since we place
ourselves in the same position as a fish

/30

c Google

Ranction without the benefit of conscious-
ness in o with the body’s
own autonomous homeostatic controls. For
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complex functioning as an inte-
grated homeostatic system
unconsciously, we propose the
term “Cyborg.”” The Cyborg
deliberately incorporates exoge-
nous components extending the
self-regulatory control function
of the organiem in order to
adapt it to new environmenta.

If man in space, in addition
to flying his vehicle, must con-
tinuously be checking on things
and making adjustments mere-
ly in order to keep himself alive,
he becomes a slave to the
machine. The purpose of the
Cyborg, as well as his own home-
ostatic systems, is to provide an
organizational system in which
such robot-like problems are
taken care of automatically and
unconsciously, leaving man free
to explore, to create, to think,
and to feel.

One device helpful to con-
sideration of the construction of
Cyborgs, which is already avail-
able, is the ingenious osmotic
pressure pump capsule devel-
oped by S. Rose for continuous
slow injections of biochemically
active substances at a biological
rate. The capsule is incorporated
into the organism and allows
administration of a selected
drug at a particular organ and at
a continuous variable rate, with-
out any attention on the part of
the organism.

Capsules are already avail-
able which will deliver as little
as 0.01 ml/day for 200 days, and
there is no reason why this time
could not be extended consider-
ably. The apparatus has already
been used on rabbits and rats,
and for continuous heparin
injection in man. No untoward
general effect on health was
noted when the injector was
buried in animals. As long as
five years ago, an injector 7 ¢m
long and 1.4 ¢m in diameter,
weighing 15 gm, was succeasful-
ly buried under the skin of rats
weighing 150-250 gm. The photo
on page 27 shows a rat weighing
220 gm with an injector in situ.

The combination of an
osmotic pressure pump capsule
with sensing and controlling
mechanisms can form a contin-
uous control loop which will act
as an adjunct to the body's own
autonomous controls. In this
manner, these controls can be
changed to the desired perfor-
ious environmental conditions.
If these characteristics were
determined, such a system
would be poasible today with the
selection of appropriate drugs.

For example, systolic blood
pressure may be sensed, com-
pared to a reference value based
on the space conditions encoun-
tered, and regulated by letting
the difference between sensed
and reference pressures control
administration of an adrenergic
or vasodilator drug. Of course,
any such system presupposes
that we would be cognizant of
what optimum blood pressure
would be under various space
conditiona.

While it is quite difficult to
set up per limits to “natural™
human physiological and pay-
chological performance, we can
take as minimal the capabilities
demonstrated under control
conditions such as yoga or hyp-
nosis. The imagination is
stretched by the muscular con-
trol of which even the under-
graduate at a Yoga College is
capable, and hypnosis per se
may prove to have a definite
place in space travel, although
there is much to be learned
about the phenomena of dissoci-
ation, generalization of instruc-
tions, and abdication of execu-
tive control.

We are now working on a
new preparation which may
greatly enhance hypnotizability,
so that pharmacological and
hypnotic approaches may be
symbiotically combined.
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Psycho-Physiological
Problems

Let us now turn our atten-
tion to some of the special phys-
iological and peychological prob-
lems involved in space travel,
and see how Cyborg dynamica
may help achieve better under-
standing and utilization of
man's natural abilities.

Wakefulness, For flighta of
relatively short or moderate
duration—a few weeks or even a
few monthse—it would appear
desirable to keep the astronaut
continuously awake and fully
alert. The extension of normal
functioning through the use of
that group of drugs known as
peychic energizers, with adjunc-
tive medication, for this purpose
is a present-day reality. In flights
lasting & month or two, no more
than a few hours a day of sleep
would be required in the normal
environment if such drugs were
employed. Tests indicate effi-
ciency tends to increase, rather
than decrease, under such a
regime, and extended usage
appears entirely feasible.

Radiation Effects. One sub-
system of the Cyborg would
involve a sensor to detect radia-
tion levels and an adaptation of
the Rose ocemotic pump which
would automatically inject pro-
tective pharmaceuticals in
appropriate doses. Experiments
at the AF School of Aviation
Medicine already indicate an
increase in radiation resistance
resulting from combined admin-
istration of aminoethylisoth-
ioronium and cysteine to mon-
keys.

Metabolic Problems and
Hypothermic Controls. In the
case of prolonged space flight,
the estimated consumption of 10
Ib a day for human fuel—2 b of
oxygen, 4 |b of fluid, and 4 1b of
food—poses a major problem.
During a flight of a year or
longer, assuming that the vehi-
cle was operating satisfactorily,
there would be little or no rea-
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son for the astronaut to be
awake for long periods unleas
some emergency arose. Hypo-
thermia (reduction of body tem-
perature) would appear to be a
desirable state in such long voy-
ages in order to reduce metabo-
lism, and thus human “fuel”
consumption. The use of exter-
nal cooling, reduction of the
temperature of the blood in an
arterio-venous shunt, and hiber-
nation (through pituitary con-
trol), alone or in combination
with pharmaceuticals, all seem
to offer possibilities in attempt-
ing to obtain and maintain such
a state. Control of the tempera-
ture by influencing the heat-reg-
ulating center would be more
desgirable than changing the ref-
arence leval.

Oxygenization and Carbon
Diozide Removal. Breathing in
space is a problem because the
space environment will not pro-
vide the necessary oxygen, and
respiration eliminates needed
carbon dioxide and involves heat
and water losses. An inverse fuel
cell, capable of reducing CO? to
its components with removal of
the carbon and recirculation of
the oxygen, would eliminate the
necessity for lung breathing.
Such a system, operating either
on solar or nuclear energy,
would replace the lung, making
breathing, as we know it, unnec-
essary. Conventional breathing
would still be possible, should
the environment permit it, dis-
continuing the fuel-cell opera-
tion.

Fluid Intake and Quiput.
Fluid balance in the astronaut
could be largely maintained via
a shunt from the ureters to the
venous circulation after removal
or conversion of noxious sub-
stances. Sterilization of the gas-
trointestinal tract, plus intra-
venous or direct intragastric
feeding, could reduce fecal elim-
ination to a minimum, and even
this might be reutilized.

Enzyme Systems. Under
conditions of lowered body tem-
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perature, certain enzyme sys-
tems would tend to remain more
active than others. The extent to
which pharmaceutical or chemi-
cal agents could influence this
enzyme activity has not been
systematically investigated, but
beyond question they will play
an important role. Since metab-
olism is subject to enzyme con-
trol, several intriguing possibil-
ities exist. For example, it may
be poasible through in vitro radi-
ation to convert certain organ-
isms from aerobic to anaerobic
states and, by studying changes
in the enzyme systems, to adapt
them for eventual human use.
In the same manner, selected
atmospheres of other types
eould be investigated.
Vestibular Function. Dis-
orientation or discomfort result-
ing from disturbed vestibular
function due to weightlesaness
might be handled through the
use of drugs, by temporarily
draining off the endolymphatic
fluid or, alternately, filling the
cavities completely, and other
techniques involving chemical
control. Hypnosis may also be
useful for controlling vestibular
function.
Cardiovascular Control.
The application of control-sys-
tem theory to biology has
already yielded sufficiently fruit-
ful results in studies of the mul-
tiple homeostatic functions of
the cardiovascular system to
indicate the possibility of alter-
ing the system by the Cyborg
technigque. Administration of
presently available drugs. such
as epinephrine, reserpine, digi-
talis, amphetamine, ete., by
means of Rose injectors, uﬂ'm
one possibility of changing the
cardiovascular functions so as to
fit them for a particular envi-
ronment. Alteration of the spe-
cific homeostatic references
within or outside the brain, and
electric stimulation, either as a
means of regulating heart rate
or affecting selected brain cen-
ters in order to control cardio-
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vascular functioning, are other
poseibilities.

Muscular Maintenonce.
Prolonged sleep or limited activ-
ity has a deleterious effect on
muscle tone, While reduction of
body temperature and metaho-
lism may reduce the magnitude
of the problem, further investi-
gation of the chemical reasons
for atrophy appears necessary to
develop adequate pharmaceuti-
cal protection to help maintain
muscle tone on prolonged space
VOyages.

Perceptual Problems. Lack
of atmosphere will create
markedly different conditions of
visual perception than those
with which we are familiar.
Attention should be given to
providing a medium which
would recreate some of the dis-
tortions to which we are accus-
tomed, and to which the astro-
naut could become acclimated
before takeofl. Part of the prob-
lem would come from searching
for an adequate frame of refer-
ence, and in this regard the fac-
tora which influence autokinesis
{and illusory movement) may
have an influence on space per-
ception problems. Investigation
of whether pharmaceuticals
would influence autokinesis is
therefore desirable.

Pressure. Under pressure
lower than 60 mm Hg, man’'s
blood begins to boil at his nor-
mal body temperature. There-
fore, if he is to venture out of his
space vehicle without a preasure
guit, some means must be found
of reducing his normal operating
temperature to a point where
the vapor pressure of his fluids
ia no greater than the internal
tissue pressures. This is anoth-
er reason why lowering of body
temperature is essential to avoid
the use of constricting pressure
suits.

Variations in External
Temperature. While man will
require the protection of a space
ship or station at the real
extremes of temperature, there
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are also likely to be intermedi-
ate conditions within or close to
the limits of human tolerance.
By controlling reflection and
absorption by means of protee-
tive plastic sponge clothing plus
chemicals already in existence
which produce changes in pig-
mentation and provide effective
protection against actinic rays,
it should be possible to maintain
desired body temperature.
Needed is a light-sensitive,
chemically regulated system
which would adjust to ita own
reflectance g0 a8 to maintain the
temperature desired.

Gravitation. A change in
the ratio of gravity and inertia
forces to molecular forces will
alter mobility patterns, among
other things. Body temperature
control and other uses of phar-
maceuticals could possibly
improve functioning under con-
ditions of greater or lesser grav-
itation than that on earth.

Magnetic Fields. Chemicals
and temperature alteration
might also act to retard or facil-
itate the specific effects of mag-
netic fields in space.

Sensory Invariance and
Action Deprivation. Instead of
sensory deprivation, it is senso-
ry invariance, or lack of change
in sensory stimuli, which may be
the astronaut’s bugaboo. In
most of the sensory deprivation
experiments to date, it has been
sensory invariance which has
produced discomfort and, in
extreme circumstances, led to
the occurrence of paychotic-like
states. Of even greater signifi-
cance may be action invariance,
deprivation or limitation, since
in many such experiments sub-
jects have mentioned a “desire
for action.” The structuring of
situations so that action has a
meaningful sensory feedback
should reduce these difficulties.
Here again drugs could play a
useful role in reducing resultant
tensions. Action without demon-
stration that such behavior is
purposeful or sensory stimuli

without opportunity for appro-
priate response are both highly

Psychoses. Despite all the
care exercised, there remains a
strong possibility that some-
where in the course of a long
space voyage a psychotic episode
might occur, and this is one con-
dition for which no servomech-
anism can be completely
designed at the present time.
While an emergency osmotic
pump containing one of the
high-potency phenothiazines
together with reserpine could be
a part of the complete space
man's kit, the frequent denial by
an individual undergoing a psy-
chotic episode that his thought
processes, emotions, or behavior
are abnormal, might keep him
from voluntarily accepting med-
ication. For this reason, if mon-
itoring is adequate, provision
should be made for triggering
administration of the medica-
tion remotely from earth or by a
companion if there is a crew on
the vehicle.

Limbo, The contingency of
possible extreme pain or suffer-
ing as a result of unforeseen
accidents must also be consid-
ered. The astronaut should
therefore be able to elect a state
of unconsciousness if he feels it
to be necessary. Prolonged sleep
induced either pharmacological-
ly or electronically seems the

best solution.
Other Problems -

There obviously exists an
equally large number of medical
problems amenable to pharma-
cological influence which have
not been discussed here for lack
of space. Among these are such
conditions as nausea, vertigo,
motion sickness, erotic require-
menta, vibration tolerance, etc.

However, those selected for
discussion offer an indication as
to what the Cyborg can mean in
terms of space travel. Although
some of the proposed solutions

Google

may appear fanciful, it should be
noted that there are references
in the Soviet technical literature
to research in many of these
same areas. Thus we find the
Russians proposing prior oxygen
saturation as a solution to the
problem of respiration during
the first few minutes after space
vehicle launchings; reporting on
alterations of the vestibular
function both by druge and
surgery; studying perception
and carrying out research on the
laws of eye motion in vision;
finding that lowering of temper-
ature can aid in solving pressure
problems; etc.

Solving the many tach-
nological problems involved in
manned space flight by adapting
man to his environment, rather
than vice versa, will not only
mark a significant step forward
in man’'s scientific progress, but
may well provide a new and larg-
er dimension for man's spirit as
well.
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Manfred E. Clynes, D. Sc.

Note: This artcle was written in 1970 on the invitation of
the journal Astronautics bt they refused to publish it

In 1960 2 new concept was created to denote the cooperation of man with his
self-designed homeostatic controls in quasi-symbitic union: the cyborg. Together with
Dr. Nathan S. Kiine of the Rockland State Hospita, we explored the implications of how
man's abilty to redesign his own homeastatic controls to fit a new environment of his
choice would further his plans for space travel. The concept of the cyborg
was to allow man to optimize his internal regulation to suit
the environment he may seek. The point was exemplified by a fish who
might wish to live on land: would such a fish take a bowl of water with him, encapsu-
Tate himself in that bowl, 5o that he would live as a ish on land, or would he not prefer
to redesign his gills to breathe air as a lung could do, if he had the intelligence? %
Clearly, wherever possible, man would do far better by redesigning his physiological reg-
ulatory systems so that they could,in the new extermal environment aiso, near optimal-
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ly regulate his internal environment without his conscious attention. How far have we
come in the twelve years since the suggestion was made, in simplifying man's approach
to space travel? Not very far yet. We are largely dependent on earthbound optimization
of energy sources for the maintenance of life. We cannot yet use sunlight even like a
plant for a source of organic chemical energy. We cannot automatically recycle the
oxygen we require in our blood stream. And our regulatory systems are largely per-
mitted to “float”, i.e. to provide their own (mal) adjustments. # And so rather than
try to see where we stand today with the development of the early cyborg concept,

in this paper we shall look at different and important aspects of man's functioning
relevant to space travel, largely omitted in the 1960 paper: dynamit: {forms
for, and his need for, emotional communication. % Our work

in the last few years in this subject, called 3entics, makes it possible to look at
those needs and functions in a new perspective and see how they can be fulfilled

in the exigencies of space travel. We have come to realize that apparently innate
modes of expression of emotion are also, among other things, innately very
much related to the direction and strength of gravitation. Space travel changes
man’s ability to express emotion, and also affects his need for it. We shall look at

the specific ways in which these changes occur and suggest new ways in which

his needs may be satisfied. And it seems that in the course of studying such new
forms of satisfaction, man's concept of his own nature shall be enlarged. b
Man's exploration of space has been successful from the technical point of view
during the last decade, but his emotional exploration of his new experience and
environment have not been spectacular. It may be too much to expect astro-
nauts to provide us with a fully communicated view of their new enlarged
experience: the exigencies of piloting their vehicles necessarily make great
demands on them: so we must be satisfied with the language of *wows" and
"man-oh-man" and similar expletives, whose implications we can only guess at

from their contexts on good old earth. But communicating new emotional pos-
sibilities is only part of the story that remains to be developed. The other, per-

haps in the long run more important, part is to provide for the emotional needs

of the astronauts who are confined to such small spaces for such long periods

of time, often without significant emotional contact with other human beings
andfor at the same time, almost paradoxically, may be confined with another
individual in a small space without respite for much longer periods than they
could normally endure without severe emotional stress. % To plan for
space travel adequately we need to understand man’s
psychological drives, needs and qualities of satis{action,

as well as to provide for physiological homeostasis. We could call this aspect his
psychologic homeostasis, but that tends to be misleading, since there is an indis-
soluble connection between his mental and physiologic functions. We are more
advanced in understanding the processes of physiologic homeostasis than those
that include psychologic homeostasis. # Thus we crudely believe it to be desirable

to be “creative”, but we do not really understand the processes that produce the
pressure to be creative, nor their satisfaction. We don't even have a generally clear
concept of where our notion of creativity stops: if it is creative to write a symphony,
we also say it is “creative” to perform a spontaneous, "authentic® gesture. A gesture
that is not authentic, that is to some extent inhibited or distorted, is not called cre-
ative (although it may well create confusion and misunderstanding!) % How can
man be authentic in space? # We do not adequately differentiate between
the creativity of the engineer, the inventor, the scientist, the musician, and the artist,
and the cook, the educator, and the writer, to name a few. For each, the emotional,
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aggressive, intellectual, relational mix of satisfactions are different. % We recognize
man’'s “creative needs” as far as we are able to understand this, but also, we are aware of
so-called aggressive needs. The term aggression, however, is used with even greater
confusion than creativity. There is a prevalent failure to distinguish between construc-
tive aggression, such as manifested by an engineer who builds, and hostile aggression.
#* In terms of sexual activity, the quality of satisfaction is determined not merely by a
specific physiologic process, but through the context of relationship (real or fantasized).
® We need, therefore, a branch of knowledge centered around
the study of satisfaction, comparable to branches of philosophy dealing with
ethics, aesthetics, or phenomenology; for each sensation and emotion also have their
own distinct satisfactions although they are usually not denoted by different names.
The satisfaction of hunger is different from the satisfaction of thirst. The satisfaction of
scratching an itch is different from the satisfaction felt after urinating. And although
the satisfaction of defecation has been rather arbitrarily used as a prototype of creative
satisfactions, yet it has its own specific character. & If we send man into space, how do
we provide for his satisfactions? The possibilities are in some ways more limited and in
some ways more enlarged than on earth. ® During the last few years progress in the
study of sentics, a branch of science dealing with the communication of emotions in
the present moment, has made considerable progress, and in this paper we shall outline
how its contributions can help provide for some of the creative and emotional experi-
ential needs of the astronaut. & Some outstanding components of the astronaut's
emotional experience are exhilaration, boredom and anxiety. Exhilaration is fine,
although at times it could be an element of danger, but we want to avoid the deteno-
rating effects of boredom, and at times of anxiety. We want to avoid the buildup of
explosive needs, unsatisfied through long periods of deprivation. M Thus, the problem of
the astronaut is not so very different from that of the inhabitants of earth. Man has a
need for both order and variety. Nature has provided both, but in his trip into space he
may well suffer from too much order and not enough variety. % Every man when he
dreams, has at his disposal an extraordinary faculty of imagination and fantasy. Even
the “dullest® man, when he dreams, produces plays that he casts, directs, and acts in,
and produces—plays we call dreams. In these he not only writes the lines and casts the
actors, but designs the costumes and stage sets as well, complete in details # There
is a strange technological imbalance between man’s develop-
ment of his tools and machines {or the penetration of the
nature of space, and his lack of progress in eyborg technology,
even in the most obvious modification of his own nature for the environmental goals
that he sets: the first thing he had to do on achieving the tremendous technological
feat of landing on the moon was to sleep for eight hours! We do not know why man
needs to sleep. If the spaceship had such pervasive unknown needs, it surely never
would have made it to the moon! An essential part of sleep is to allow man his neces-
sary dreams. But the quality of those dreams in a prolonged space trip might often
become nightmares. It is fortunate that recently a method was developed allowing a
person to generate and experience fantasy emotions reliably, and repeatedly, enjoy
them creatively, and enable him to be "in touch® with his emotions. The process provides
him with a reservoir of calmness and aspects of psychic energy, replacing hostile
aggression, and constitutes a satisfaction in itself. This process is the development of
sentic cycles. <+ As inhabitants of earth we have been largely used to express emotion in
specific contexts and situations. When we are angry, we are angry at someone or at a
particular situation. When we are joyful, we generally are joyful about something, and
when we love we are used to loving a particular person. Emotion is thus associated with
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specific people and situations. While this has been the preponderant manner of experi-
encing emotion, there has developed on earth another less practiced mode of experi-
encing emotion: a generalized mode not dependent on specific situations or individuals.
This mode is exemplified by music. Music as auto- and cross-communication is capable
of generating and discharging emotional states through its vibratory touch forms,
which we call sound. The emotions that these forms denote are not directed at specific
individuals or situations but can be very intense nevertheless They are examples of gen-
eralized emaotion. T Only a small proportion of the population is able to use these forms
creatively, and much hard labor and learning skills are required to permit this even for
those who can. We shall see that in some ways doing sentic cycles is like composing
music without the need for years of development of skills and concern about critical
evaluation. It allows a person to create his own generalized fantasy emotion forms. It is
easily learned, by practically any adult. It is a way in which the entire spectrum of emo-
tions may be experienced in fantasy without need of specific external contexts and
associations. Let us explain this in more detail. 4 In expressing emotion, there are many
optional output modes involving the musculature: we may use a gesture of the arm, the
leg, the tone of voice, a dance step or even a musical phrase. Studies in our laboratories
during the last few years, confirmed by other investigators, have shown that for each
emotion there is a characteristic dynamic form element that is common to these output
modalities, and it is this dynamic form that is recognized by the nervous system in the
process of generating the emotion, or the sentic state. To prove this the measurement
of expressive form was standardized to the mode of using the transient pressure of a
single finger. Horizontal and vertical components of pressure were measured as func-
tions of time. When this was done the resultant pressure-transient vector forms proved
to be stable and similar across different cultures, including the United States, Japan,
Bali, and Mexico. We call these spatio-temporal signatures "esssentic forms” A person
sits in a chair, (with a straight back and without side arm rests) rests his arm on a finger
rest placed at the level of the seat of the chair and expresses with a single transient
pressure a particular quality of emotion. The person doing this knows when he has
expressed the quality with the right form: he discovers the particular essentic form for
each emotion rather quickly. # The second important function in making the process
possible is that through repeated expression of a particular sentic
state the state itself is generated. There is a positive feedback. The
bio-cybernetic approach allows one to consider emotion as a system comprising both
the state and its expression as one entity. [t permits one to study dynamic interaction of
the expression with the state, unlike the traditional psychologic studies which have
generally studied the state and its expression separately. O The generating effect of
repeated expression takes place effectively only if the repetition is not "mechanical®;
that is, initiation should occur at unpredictable times. This important feature is incorpo-
rated into sentic cycles by providing an external initiating signal, as a soft tap recorded
on tape occurring at unpredictable intervals. The intervals of time themselves are differ-
ent according to what emotion is being generated. # As a person sits in this manner
and expresses a sequence of 30 to 40 expressive actions of a particular emotion, called
E-actons, and experiences the emotion, the rest of his body becomes very quiet, almost
as if asleep. At the end of such a sequence a word announcing the next emotion is
heard on the tape and another sequence of E-actons begins. In this way a person can
traverse substantially the entire spectrum of emotions. The standard sequence of sentic
states that has been used consists of no emation, anger, hate, grief, love, sex, joy, rever-
ence. This sequence forming a sentic cycle takes about one-half hour. Two cycles are
done at a session. At the end of the cycle a person tends to feel
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calm, shielded, “put-together” and contented. © While sitting still,
only expressing with the pressure of one arm on a finger rest, the person undergoes a
highly pervasive, and integrating experience. The application of this to space travel is
obvious. % While the sentic cycle experience provides calmness, the calmness is also
combined with a sense of well-being and energy—it is not the calmness of a tranquiliz-
er. Hostile aggression is strongly attenuated and there is a sense of belonging, of satis-
faction of being, in itself. We have said previously that the experience of sentic cycles
was like composing music. It is not like listening to music, because the person is cre-
atively involved in every single action. Nor does it have the eventual monotony of the
repetition of a piece of music, no matter how good. (We don't find dreams monotonous
either, nor do we tire of dreaming throughout a lifetime.) Although sentic cycles can be
emotionally draining if done to excess, in proper measure no boredom sets in. There is
also a remarkable phenomenon of a collapse of the sense of elapsed time. A one hour
sentic cycle experience is often judged to be only some twenty minutes long. (Sentic
Cycle Topes and finger rests are avoilable for o small fee from the Secretary, American
Sentic Associotion, Box 143, Sonoma, CA 95476.) A All these attributes make sentic
cycles interesting for possible use in space travel. O But let us stay on earth for a while
longer. Among the many uses of this process on earth are removing anxiety, improving
sleep, and for emotional training and therapy. A particularly interesting aspect is illus-
trated by the case of a person who has been paralyzed for over twenty years with mul-
tiple sclerosis. This patient was severely depressed and suicidal before beginning sentic
cycles in June, 1972. Her nurse wrote to say that she would like to experience the
apparently beneficial effects of sentic cycles, but that, of course, she could not move
her arms, her fingers or legs; and asked if there was any way she could have the experi-
ence. 50 instead of a finger rest, a chin rest was designed for her, and she has been
doing sentic cycles, expressing with her chin every day since June, 1972. At the very first
session she was able to experience emotions she had not felt for many years. It was a
spine-chilling experience to see her express her accumulated resentment and grief. She
could not feel joy at first at all, but by saying to her, "try to imagine you are perfectly
well, and are playing outside in the sunshine!®, she was then able to do it very well.
Since then, she has experienced all these emotions every day. Within two weeks a
marked change took place in her whole attitude and family relationships. When asked
whether she would like to have "hope” as one of the emotions in the sentic cycles, she
replied that she has hope now, through doing the other emotions and so does not need
it as a separate period! She is interested in her surroundings, communicates readily, and
her husband finds it pleasant to come home to her as she “smiles and is in pleasant
moods.” @ After nine months of doing this daily, she still looks forward to the experi-
ence every day and enjoys it. This, in spite of the worsening of her physical condition to
the extent that her eyes are rolling independently without control and she cannot see
at all without covering up one eye, and even then gquite poorly. Although her body
functions have been so seriously altered, through sentic cycles she has
come to realize that emotionally her capacities are unim-
paired, and she is "fully human" even though her environment does not now provide
the situations creating emotion she would need as a normal human. # This example of
a person in Colorado is cited because in some ways it resembles the conditions of space
travel. The paralysis of the patient causes her to be effectively confined in space. Many
of the sensory inputs available to normal individuals are eliminated for her. Even her
sleep pattern is affected by the requirement that she be turned over every
hour-and-a-half all throughout the night, which her husband has been doing for all
these years! The fact that sentic cycles have been able to make life not only tolerable
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but even pleasant for her, is not without relevance to the conditions facing the space
traveler. ¢ Another aspect of the use of sentic cycles is that the mode of an action
may in many cases be preferable to the use of various drugs, not only from the
point of view that drugs may have side effects, but also of how long it takes the
body to recover from the administration of drugs. But a suitable combination of
sentic cycles with appropriate drugs should not be necessarily excluded. % Earlier
we have mentioned the fact that expression of emotions takes place very differ-
ently in the absence of gravitation. Studies with sentic cycles show that the
position of the body and limbs in relationship to the direction of gravity is an
integral part of the spatio-temporal forms of emotion expression. # For
each emotion there is a bodily experience, which we
call a virtual body image, characteristic of that emo-
tion. These virtual body images are closely linked to the force and direction

of gravity. For joy, for example, there is a sense of lightness, of bounce. The
essentic form of joy contains a rebound overshoot corresponding to a floating
sensation. Grief, on the other hand, is characterized by a sense of heaviness of

the limbs. The expression of grief includes a letting go, a collapse. The word
‘grief’ itself derives from the Latin root grove, meaning heavy. There is also a

tilt of the head downward and to one side; for joy, the head tends to be tilted
upwards. In anger too, the head is tilted slightly downwards and the expres-

sive movement has a strong outward and downward direction. For example,
expression of anger with the foot has a strong downward component.
Courage is also expressed directly in relation to the direction of gravity. In

the expression of love it is found that for a caress the surface of contact

tends to be with palm downwards. The pressure-transient exertions neces-

sary to effect a caress with the palm upward, pressing vertically upwards
largely, are generally foreign to our programmed forms of expression, and

tend to feel unnatural and, if attempted as a distortion of the form, block

the feeling of the emotion associated with it. 4 The question is then to what
extent these inherent body images will be felt as missing in space travel, and

to what extent they might be altered or retrained? If there is no gravity, how

can the heaviness of grief find its expression? Will it no longer be heavy, or

will it simply not be possible to express and even experience grief?
Experiments in water tanks quickly point out the difficulties of the removal of

the gravitational forces on the ability to communicate and express emotions
Floating in water, the dynamics of gestures are modified not only because of

the resistance of the water but because of the layered kinesthetic experience.

In accordance with the sentic principle of partial reciprocity, floating in water
tends to be pleasant in itself. The absence of heaviness tends to counteract the
possibility of the bodily images of grief and related sadness, and is in accor-
dance with virtual body images associated with joy. Much of the exhil-
aration of the experience of weightlessness is related to
this characteristic of the essentic form of joy. The experience

Is presaged in the experience of those who dream about flying with their own
bodies. This is a very common dream. One pushes off with one's legs and then
floats while usually looking down on the scene below with a delightful feeling.
The author once had occasion to ask astronaut Cunningham if he had ever dreamt
of flying in this way. He said he had on a number of occasions dreamt that. "And
how does that feeling in the dream compare with your experience of weightlessness
in space?” | asked. “Come to think of it, it was just like that feeling,” was the reply! +
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The ability of dreams to provide us with a precise perspective of feeling and to create
preverbal concepts for us is a crucial human function. The particular essentic forms and
bodily images accompanying specific emotions that have evolved in humans are in part
common to the higher animals. (A dog understands the tone of voice, a caress, etc.)
How do we account for the lightness of joy? What is it about joy that links it with light-
ness indissolubly and why does the shape of a caress have to be the way it is to express
love, while a sexual caress in turn has a very different form? Would these forms be dif-
ferent in different parts of the universe? If each emotion has its own specific
spatio-temporal form, what new emotions might we find some day among beings living
elsewhere and what would their essentic forms be? Emotions which we regard as the
highest developed on earth may well be surpassed by more highly developed beings. It
is not merely in intelligence but also in the spectrum of emotions that evolution pro-
ceeds. X The words of natural language only inadequately characterize and identify the
distinct emotional entities, and their associated specific spatio-temporal virtual body
images. The words joy and anger are familiar and reasonably identifiable existences. But
what, for example, about that less generally familiar, but important emotion, for which
there is no word—an emotion man has when he is searching for new ideas, not only
curious, but ready to receive: we may describe it as an intellectual fervor, a focused
openness, a listening, a receptivity to whatever may come to his awareness, an enthusi-
asm with an element of trust that when an idea comes, it is through an ongoing, "good”
process? @ In that emotion, perhaps a prerequisite, a necessity for the discovery of new
ideas, the head tends to be tilted slightly, and slightly upward, the body feels light, there
is no anxiety and fear, but an enthusiastic, and yet still eagerness, which waits like an
open shell, to receive; the face has a charactenistic openness and intentness, even a rapt
kind of attention. There is a sensation in the forehead between the temples It is not the
exhilaration of having found the idea, but antecedent to this! % This nameless, but
quite specific emotion (it is being named "apreene” by the author in another publica-
tion, in press at the moment) also involves gravity! We need to ask, is the specific angle
of the head with respect to gravity no longer part of the innate spatio-temporal form
of that emotion in space? Does that mean, then, that the lightness and strength experi-
enced (a feeling of not being totally earthbound, but perhaps part of an infusing
process) [cf. “the flight of the imagination”] will no longer have the sensation-aspect of
newness, of being taken out of one's ordinary pedestrianism, in conditions of space
where lightness is habitual? & In addition to the virtual body images innately associat-
ed with experiencing sentic states, there are specific dynamic muscular patterns
involved in the expression of each specific emotion. This is also manifest in the dynamic
form of breathing. [The transient forms of breathing are modified, even when there is
no voluntary intent to express the state.] The expression of anger and hate, for example,
invalves distinct abdominal-muscle contractions. The diaphragm also moves differently
with each form of emotional expression. Joy favors inspiration, anger sharp expiration—
an ejecting of the breath from the body. Grief favors respiratory pauses at the end of
expiration, as in a sigh; reverence and love favor pauses at the end of inspiration. Sexual
excitement too, has its own dynamic form of breathing, involving a special, late tension
phase during expiration. % In the absence of gravity, as well as to some extent in lower
atmospheric density, these breathing patterns are modified in various degrees.
Cyborg technology has even aimed to bypass the out-in tidal
flow of the breath, and to oxygenate the blood with a fuel-cell device instead.
Although emotion can be experienced and expressed without specific breathing pat-
terns, modification of the breath does affect the quality of the experience. 4 Yet, man
is able to disassociate selective body functions in his state of dream-emation. In dreams,
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the virtual body images and the patterns of muscular expression of emotion acquire
another perspective, although many of the body functions remain connected in various
degrees. Also, there is a different connection between the autonomic and the uncon-
scious. In dreams we do seem to be able to imagine emotions we have never experi-
enced, but even the emotions of our dreams may be quite incompatible with the
realities of emotion in another part of the universe. # The emotional-generating func-
tions of our dreams make use of the essentic forms, and innate body images, that
include the strength and direction of gravity. In the weightless condition of space, as
also in conditions of different gravity, the traveler will find his emotional virtual-bodily
images at variance with experience. The method of sentic cycles should allow him, nev-
ertheless, to experience these fantasy emotion states and to allow him to use the pres-
sure transients appropriate to his state. To what extent the essentic forms would be
modified in prolonged space travel can now be investigated. The instrumentation nec-
essary to do this is very simple and light. Accordingly the opportunity should not be
missed, in coming space flights, to conduct these simple tests. # The question is
whether the virtual body images, which involve gravity and appear to be genetically
programmed into man's nature, would be affected by prolonged weightlessness. There is
a direct correspondence between the expressed form and the felt experience, If there is
an alteration in the form, the experience felt also changes If the exigencies of space
travel were to alter the expressed form, our inbuilt nervous system integration of that
form would also alter the quality of the corresponding emotional experience. In other
words, it is possible that disassociation may occur between gesture and experience. This
would present a serious problem for the emotional stability and long-term viability of
the astronaut’s mode of life. Sentic cycles provide a possibility both to study this condi-
tion and to ameliorate it, should it be of concern. O The ﬂhilitjf of man to
express his emotions in accordance with his nature is
indispensable for a prolonged existence in space. In this
paper we have tried to point out some of the difficulties he faces in venturing
out from his gravitational home and to see whether in weightless condition his
emotional nature can function in an unaltered manner or whether, like the
elves and fairies of our myths, the dance of space necessarily requires him to
transform his nature emotionally. # The virtual body images associated
with each emotion have an unconscious origin. They are not willfully cre-
ated by each individual—they represent his heritage. So do essentic forms.
This unconscious heritage travels with us into space. % But we have seen
that the autonomic and the unconscious meet. Through understanding
our unconscious heritage consciously, we may be able to teach our
autonomic systems to live in harmony with our old heritage, as well as

with our new exploration of outer, and perforce, inner, space.
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An Interview with Manfred
Clynes

Chris Hables Gray

Chris Hables Gray: Where were you born?
Manfred Clynes: In Vienna, Austria in 1925,

CHG: And what did your parents do?

MC: My father was an engineer, inventor, a naval architect. My mother was a truly remarkable,
beautiful woman, a writer and also a person of extraordinary intellect. She was a gifted amateur
singer, and studied with my uncle Max Klein, who was a baritone at the Vienna Opera and later
on taught Metropolitan Opera stars in New York.

My mother was very musical. When | was a small child she often sang lieder, especially
Schubert and Mahler. In those days, the late twenties and early thirties. | used to love to crawl
under the piano to listen, while she was singing, with an accompanist playing. Sometimes | was
very scared. A few of the Mahler songs had images like "a hot glowing knife in my breast,” things
that scare a little child. And when the song talked about 'those two blue eyes in the sky, |
thought, looking at the blue sky, that | saw them.

CHG: Did you have any siblings?
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MC: No, unfortunately not.

CHG: So your family left Vienna in 19387
MC: Well, actually, Budapest in 1938, My parents moved to Budapest about 1930,

CHG: Did you grow up speaking Hungarian and German?
MC: | had to learn Hungarian, yes Just when | managed to learn it so the other kids didn't laugh
at me, we left for Australia and | had to learn English,

CHG: Is that where you went to college?
MC: First | went to work in a factory. When we first came there | was thirteen years old. My
father literally kissed the ground when we arrived. We knuckled down and started a new life. |
went to work in a factory and worked 48 hours a week for a wage of 15 shillings and 6 pence.

CHG: It must have been hard times.
MC: It was an interesting social experience. The paramount mood was of gratitude for having
been saved to be with ‘normal’, decent, simple-minded [if foulmouthed) people; anything was
small trouble compared to the horrific trials of my girl cousins, with whom | used to play, who
were left behind and were gassed.

| went to school, after that stint of factory work, in a tradesman's school. Then | asked
my father to send me to a high school for one year, and then | went to university.

CHG: Was your first degree there in snginesring?
MC: | did music and engineering simultaneously, and science at the University of Melbourne. |
was allowed to do it by special permission from the Vice Chancellor of the University. They had
never had anyone request that before but he let me do it. He thought | could do it and he gave
me a chance. S0 | remember in one year, the second year | think, | had 18 exams in one year, 18
subjects. But it was fun,

CHG: You stayed on there and got your upper degrees there?
MC: | got my undergraduate degrees there and then | went to Juilliard in the United States | got
my masters in music and piano at Julliard. | had played with orchestras quite a bit as a soloist in
Australia and | earned 2 fellowship to Juilliard by winning a nationwide competition.

CHG: Then what happened?
MC: | went to Juilliard for three years and got my Master's degree. Then | went to Wrightwood,
California for six months and | studied music there by myself. This was 1949, Then | went back to
concertizing in Australia and was appointed to the conservatory of music there in Melbourne, on
the piano faculty, the youngest person ever to hold that position. | became well known as one of
the foremost solo pianists in Australia. | did many broadcasts, and performed the Goldberg
Variations there the first time they were played in Australia. That was in 1950, the 200th anniver-
sary of Bach's death. | played that in all the capital cities Then, two years later | got a Fulbright
fellowship.

| was interested in the psychology of music and got a Fulbright to go to Princeton and
study and also to teach there as a graduate assistant. | stayed in Princeton and also did concert
tours in Europe. That was 1953. And | had the wonderful opportunity to meet Einstein there. |
visited him five or six times and played music for him at his house. It was a marvelous thing. |
even discussed with him the theory of relativity, believe it or not. Then | toured Europe. It was
very successful. | played in the Royal Festival Hall, London, and in all of the capital cities This was
the fall of 1953. Then in 1954 | started to do this other kind of work. First as a control engineer
working with an analog computer at an electrical manufacturing concern. And then | was invited
by Rockland State Hospital's director of research to do medical research.

CHG: Nathan Kline.
MC: Nathan Kline. Yes. In 1955, | quess.
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CHG: 50 this analog computer was at Princeton?

MC: No, that wasn't at Princeton, but at a place called Bogue Electric Manufacturing Company in
Paterson, New Jersey. And then Nathan Kline bought a computer for me at Rockland State
Hospital, | think it must have been in 1955 when | started there part-time, because in 1956 |
decided to accept his offer to do that full-time and became chief research scientist. That's where |
developed all these things like the CAT computer and discovered unidirectional rate sensitivity by
1960. That is a basic law of biologic systems for communication of information. Other inventions
of that time included eight patents in the field of ultrasound, particularly color ultrasound; pulse
frequency-modulation data tape recording; and silence duration modulation for telemetering.
The latter invention allowed enormous savings of power because data were communicated by the
duration of silence. Silence was the measure of the quantity. You just needed two pulses, one at
the beginning of the silence and the other at the end and those would define the quantity of the
variable. Silence passes at the same rate everywhere in the world 5o there was no problem about
distortion. It is infinitely precise by the laws of nature,

CHG: So, since the periocd when you got you Ph.D...?

MC: Well, | have a D.Sc.

CHG: Oh, a Dectorate of Science.

MC: A D5c. is actually a higher degree than a Ph.D.

CHG: That's from Australia, the University of Melbourne?

MC: Yes. That's given only for a considerable body of work commensurate with that kind of
degree, work which becomes a D.5c. thesis, and is examined. [t's not like a Ph.D. thesis. It's a
British thing. There's nothing like it in the United States actually. England and Australia have it
and they only give very few of those, maybe two or three a year, to anybody, in selected areas of
SCIENCE,

CHG: So then you were working at Rockland. When did you and Nathan Kline

start thinking about space travel?

MC: That was in 1960. | had been there for about four years and worked on the organization of
the body's nervous system and its cybernetic control.

| worked with the control of heart rate at the time, through respiration. It's called sinus
arrhythmia. The changes in heart rate bought about by breathing. We solved that problem and
published that in S5cience and in other journals. We had equations that simulated that non-linear
control process very accurately. It was really a rather interesting piece of work, exciting for me as
one of the first useful applications of computers to biologic-control systems. People were kind of
excited about that. | got the Baker Award at that time for it, surprisingly. We did other things
with pupil-rate dynamics and that was revealing. Pretty soon we saw that there was a general
property there in the nervous system which we called unidirectional rate sensitivity, a really awful
name and tongue twister, but later it was called rein control, and the first paper on it was pub-
lished in 1960.

That law exists because molecular concentrations are used as analogs of information in
the body and molecules can only arrive in positive numbers. There's no such thing as introducing
negative numbers of molecules. They can only arrive in positive numbers. An increase in concen-
tration therefore is easily accomplished, representing an increased value of a variable transmitted
as information, e.g., sensing heat. But if you need to represent the information through decreas-
ing the level, then you can't, as you can in electrical systems, just send a negative electrical sig-
nal. There are no negative molecules for a gland to inject into the blood stream, for example, to
send a message, and 50 you need another chemical channel to interact with those molecules to
reduce their number, to get rid of the molecules. And that has its own dynamics It becomes two
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channels, and so it's called rein control, like the reins of a horse, each of which can pull but not
push.

CHG: And was it around pupil dilation that you first noticed this?

MC: Well, in pupil dilation we found a paradoxical contraction with a pI.IlBB of darkness. It
should have brought on a dilation but instead it actually caused a contraction. And then we saw
that it was due to the trailing edge of the stimulus. It was the trailing edge when the light
returned which caused the contraction. It didn't significantly respond as dilation, which was
much slower; that channel is a much slower channel. 5o we noticed this, and it also appeared in
touch. If you touch a pattern with a lot of little protuberances, say pins, with your hand or finger,
and let's say you feel that there are five pins, then you very slowly remove several of those pins,
50 the person does not notice it. And when you then take your hand off, the act of taking your
hand off, which is negative information, will not tell you how MAany pins are left. 50 we
found the same property there.

Pretty soon we realized that this was due to a general principle. Then a few years later
there was a conference by the New York Academy of Sciences on that subject, in 1967, It was
several days long and many people presented data on various systems that exhibited this proper-
ty. The keynote speaker was Warren McCulloch from M.LT. Have you heard of Warren McCulloch?

CHG: Of course.

MC: A great man, very encouraging for my work in the early phases, the heart-rate work. He
wrote me a handwritten letter saying it was the finest thing on nonlinear dynamics he had come
across, in biologic systems. That's how | got to know him.

He was truly a remarkable person. | used to never understand what he said in his talks.
At first | thought, ‘Is he talking nonsense, is he pulling people's legs?” He had such a large view of
things and he could express it in such powerful language not many people could easily under-
stand it

CHG: Yes, I've read Embodiments of Mind and it is a very amazing work. There

are definitely parts of it that go beyond my understanding.

MC: Yes, that's a beautiful work. When he died he wasn't even 68 or 69. | remember that for his
65th birthday | wrote a poem. A Festschrift was published in honor of his 65th birthday, and |
contributed the little poem to that. Pretty soon after that he died.

CHG: A shame.

MC: Then | developed the CAT computer. That was very successful. It revolutionized the measure-
ment of electrical events in the brain. All over the world they used the CAT computer, probably
the first specific-purpose portable digital computer. It cost $10,000 at the time, in 1961. They
even have one today, still, here at the University of California, in Berkeley. It still works after thirty
years.

CHG: That's amazing. | didn’t know that.

MC: They're still using it! | was amazed. | went there a couple of months ago and in this lab they
still have it and are actively using it.

| made at the time a fair bit of money with that. Then it was time to go back to music. |
studied with Pablo Casals.

CHG: When was this?

MC: This was 1966.

CHG: Let's backtrack a little to cyborg and your and Dr. Kline's cyborg article.
MC: That was in 1960.

CHG: Why exactly did you guys decide to write about space travel?

MC: Nathan Kline was the director of this research facility there at the Rockland State Hospital
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and one day somebody asked him... Dr. Kline was interested in the application of drugs for the
treatment of mental patients.

CHG: Yes, psychopharmacology.
MC: Psychopharmacology. This man, | think Flaherty...

CHG: Yeah, he was with NASA.
MC: . invited him to write something for us at NASA. So he talked to me and said, "Would you
like to write something jointly with me? | will write about the drugs and you write about other
physiologic systems! | said, "What do | know about this? | know nothing. Anyhow, we agreed. |
thought about it for a few days and | wrote something up and we talked and compared ideas,
and we decided to go ahead and write something. | thought it would be good to have a new con-
cept, a concept of persons who can free themselves from the constraints of the environment to
the extent that they wished. And I coined this word cyborg. I remember
he said, ‘Oh, that sounds like a town in Denmark.’ Well, that seemed all
right. The main idea was to liberate man from constraints as he flies into space—that's a kind of
freedom—but it seemed necessary to give him the bodily freedom to exist in another part of the
universe without the constraints that having evolved on earth made him subject to. For example,
the level of gravitation that is here, the oxygen, the atmosphere. And some of the other things
that have conditioned the physiology of man to be what it is

CHG: | noticed you used the term participant evolution in that article.
MC: Yes In other words man has now become conscious enough of the way he was built physio-
logically, and here, | emphasize physiologically, that he could now supplement the homeostasis
with which he evolved. Are you familiar with the term ‘homeostasis?

CHG: Yes.
MC: 5o as to supplement it by his own imagination and through his own creativity. In such a way
as to make it possible to exist, guo man, as man, NOt {:hﬂﬂﬂin_ﬂf his nature, his human
nature that evolved here. Not to change that but to simply allow him to make use of his faculties,
without having to waste his energies on adjusting the living functions necessary for the mainte-
nance of life. They become unconscious, automatic rather, the way they are here. You don't have
to constantly adjust your blood pressure, for example,

CHG: What kind of reception did it get?
MC: Oh, it got a good reception. Life magazine wrote it up a little later. They had a big article
with a picture of the cyborg. Did you know that?

CHG: Mo, I'll have to find that.
MC: | had a big photograph of that thing hanging on my wall for years.

CHG: Was that 19607
MC: It must have been very near there.

CHG: But you didn’t know that NASA went on to commission a whele study of

cyborgs?
MC: Actually, | had heard of that.

CHG: What did you think when you noticed the term cyborg was being used a lot

in popular literature, in science fichion?
MC: Well at first | was amused and then | was horrified because it was a total distortion. It grad-
ually seemed to become more and more distorted. This recent film with this Terminator, with
Schwarzenegger playing this thing—dehumanized the concept
{:ﬂmpletel}r. This is a trovesty of the real scientific concept that we had. It is not even a cari-
cature. It's worse, creating a monster out of something that wasn't a monster. A monsterification
of something that is a human enlargement of function; as if making a man who reads a book
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into an inhuman monster, just because he reads a book.
CHG: Well how about images like the Bionic Man?
MC: | could say to you in general that our 1960 paper concerning the physiologic adjustment of
homeostatic systems did not deal at all with problems of man, or any alteration in the nature
of man or woman at all.
CHG: But you talked about prosthetic organs.
MC: Yes, prosthetic organs, but for the maintenance of the person. It wasn't changing their
nature, Like a kidney, for example, functions to maintain the internal environment, blood levels,
but does not affect man's basic nature to any extent.
CHG: You didn’t see that this might lsad to what some people might call super-
men? Kolff (inventer of the artificial kidney) used to argue that people with
artificial organs wouldn't be allowed to compete in the Olympics.
MC: | would imagine that certainly these drugs they take in the Olympics are a form of alteration
of the body functions, and that of course makes it unfair for the Olympics, but Olympics are made
not for cyborgs but for people who are not taking drugs or other modifications of function. But |
think they are allowed to wear glasses!
The important thing is that the Cyborg | paper was concerned with physiology. Then in
1970 Astronautics asked me to write a sequel, | wrote this and | pointed out that we had not
dealt with the emotional nature of man in the Cyborg | paper. The Cyborg |l paper' pointed out
that there was an incompatibility in the emotional aspect of man's nature that didn't simply per-
mit one to choose the environment willy-nilly, even with physiologic adjustments.
CHG: So when did you start focusing in on Sentics? When did you coin that
term?
MC: | started working with that in 1967-68. The first paper was published in 1968." Then there
was a big AAAS conference in 1970 and another one in 1971, Then | started writing my book
Sentics and | published a big article in 1973." There | first stated the theory and the experimental
data in a fairly full manner.
CHG: Do you think that with this deeper understanding of the emotions which
you are pursuing human nature will stay the same, or will this be sort of a
prosthesis to make people have better control, or perhaps a different type, of
human nature?
MC: First of all the world of psychology until that time ignored the emotional nature of
man—not only the Skinnerian, which is obvious, but even Freud himself. Although he was very
interested in the inner life, he didn't concern himself with specific emotions like joy, anger, and
love but rather with basic drives. The natural dynamic expressive forms, the nature of the expres-
sion of love, for example, of joy, of anger, of hate—we have isolated and measured their forms.
And the forms of these expressions have a positive feedback-effect function in generating
these states.
CHG: I'm curious about the implications of this improved understanding of
human emotions.
MC: Well | think it has enormous possibilities. Actually the Cyborg Il paper really focused on the
problem of space flight from an emotional point of view and it suggested some exercise like the
Sentic cycle that you could do to help you avoid boredom, avoid the desert of emotional noth-
ingness. Even sexuality. By the way, parenthetically, the idea of {:yhﬂrﬂ in no way
implies an it. [t's a he or a she. It is either a male or female cyborg; it's not an it.
It's an absurd mistake. The cyborgs are capable of the same emotional expression and experience
as an uncyborg—what would you call them?
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CHG: A homo sapiens, | guess.

MC: Homo sapiens, when he puts on a pair of glasses, has already changed. When he rides a
bicycle he virtually has become a cyborg. Initially it's a little hard to learn to ride a bike but once
you learn it you do all of these things automatically and the bike becomes almost a part of you.
When homo sopiens walks he doesn’'t pay much attention to how he walks, it's natural. In the
same way, when he is on his bicycle it feels natural to a person who knows how to ride a bike.
You can call that, if you want, a simple cyborg right there.

CHG: Well. take for example the idea that Hans Morevec of Carnegie Melion and

other computer scientists have of downloading human consciousness inte a

machine. Thers, unless one goes to the effort of making sure the machine has

sexual organs, gender becomes quite arbitrary or irrelevant. Do you think

that's impossible?
MC: No, no. This question is improperly posed. It is the brain circuitry that engenders sexual feel-
ings; the organs are just the buttons you press to turn it on and they could be replaced by more
direct inputs. The genes and chromosomes already determine sex, and the brain circuitry expresses
that sexuality, among other things. I'd like to come to that but in 3 more systematic way. It would
take quite a bit to answer that. But right now I'd like to say—that the cyborg, per se=talking now
of men or women who have altered themselves in various cyborgian ways—in no way has that
altered their sexuality. In no way has that altered their ability to experience emotions, no more
than riding a bicycle does. And even more importantly, it hasn’t altered
their essential identity.

CHG: | was struck, actually, that in your sentic ressarch males and females

seemad to have the same basic emotional response and ability to read theses

smotions.
MC: Most of the basic communicative expressive forms, including, for example, of sex, are the
same. Laughing and yawning, likewise contagious, are, too. Actually if they weren't, it would
make it hard for them to communicate with each other. That doesn't mean that their sex organs
are the same.

CHG: But sex organs can be changed, we now know. Some people are para-

plegic and quadripliegic. their sex organs are, for all intents and purposes.

dead. They only exist through cyborg technologies.
MC: They can be paralyzed, but the sexual nature of man isn't just the sex organs. It is something
very much in the identity of the person and in the environment. These include unconscious
things. What excites one sexually is determined by the kind of sexual person you are. If you are a
man certain shapes would tend to excite you and if a woman, other ones Or if you are a homo-
sexual it is a different matter, but I'm talking right now of heterosexual persons. Those are not
arbitrary things. You cannot change them easily.

But now, | would like to come to what | call Cyborg lll, that is achievable today. | also
have a Cyborg IV, but lets talk about Cyborg Ill, first. | have to criticize a little what seems to be a
great lack of appreciation of molecular biology among cyborg studies. The great things that are
happening today in the scientific world are advances in molecular biology along with computers.
Those are the two regions of our scientific world that are growing very rapidly, and compared to
them psychology is dead in the water completely.

It already is known that the emotional world of men is fashioned through molecules like
neuropeptides. Many peptides in the brain affect, and really control, the emotional aspects. Not
just what used to be called the old messengers like hormones, which travel throughout the body,
but more specifically and more powerfully these peptides, that in minute quantities exert very
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specific effects, often entirely on the brain side of the blood-brain barrier. There are receptors for
these various peptides and undoubtedly each basic emotion has their own peptide. Many of these
have not yet been identified. These peptides have receptors scattered throughout the brain, and
the question is what happens to the other side of these receptors? That is largely not known yet.
However, it is known that the emotional world can be affected now by designer molecules That's
where the computers and molecular biology will intermarry, they already have flirted with each
other quite strongly. They will be able to have computer-designed molecules, designed along the
lines of naturally occurring molecules, that will naturally work inside the brain and will be able to
change the emotional aspects

CHG: Is that Cyborg llI?

MC: Yes, that is part of it. Our knowledge of DNA and how the genes function is such today that
we can see that genes are not just a blueprint but they are functioning in the present moment.
They continually are making gene products, some are turned off, some are turned on, and which
and how much each thing is turned on and off is constantly changing. Every thought has an
effect, even on that. So that by controlling and knowing how to control the natural products, and
turning the genes on and off we will have tremendous power to change the
emotional world of man. For example, | will tell you one of the least things: to change
the percentage of time it will be possible to have orgasms. A man’s refractory time can be altered.

Also, we don't know for example why we need to sleep, and sleep also means dreams.
All of that is part of the emotional nature and it is necessary to man to be able to sleep; we don't
know why. These questions will be answered within ten or fifteen years.

CHG: Do you ever worry that humans might not have the moral capabilities of

dealing with the increased chance of structuring our own evolution?

MC: That's a different question on a whole different level. We have trouble enough already with
nuclear bombs Every invention brings about a possibility for both good and bad. It is very, very
difficult to be a futurologist. We just don’t have the imagination to imagine even beyond 20
years. Today, if you ask me what will happen fifty or a hundred years from now, it boggles the
mind. | cannot imagine. Everything will be different and surpass what can be imagined. That's the
wonder of it. But we need to be cautious and careful, and test every step along the way, as surely
will be done. | only wish | could be alive a couple of hundred years from now just for a week or
two just to see what will be done. Maybe I’ll freeze mysellf.

CHG: Have you thought of that sericusly?

MC: I've thought about it. | haven't done anything about it.

CHG: What is this Cyborg IV idea?

MC: Let me just finish a little bit the Cyborg lIl. The Cyborg Ill makes use of the abilities we have
found now to alter the products of the genes, and also to insert new genes into existing DNA. We
can now, in an adult person, insert fragments of a new gene that finds its way into adult cells,
creating new gene function, new products, without, of course, changing heredity, and in the lat-
est experiments, even through simple intravenous injection.

CHG: Right, they've done that aiready.

MC: They're just starting to do that. It's beginning with animals, adult animals, and they'll do that
with humans more and more in a couple of years. That is a wonderful thing, because first of all
diseases that are a result of genetic malfunction can be fixed.

See, we live in a world of puritanical science where you're allowed to get rid of pain
from minus to zero but you aren’t allowed to go beyond zero to plus, ie., pleasure. Nobody will
give you a grant for that. Again I'll just say that part of the reason why people who have been
writing about cyborgs have failed to understand the human aspect of it is possibly, in my view,
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that they're still hanging on to the one-dimensional characterization of emotions by psycholo-
gists on the pain-pleasure axis. The pleasure-pain axis is a one-dimensional thing, whereas plea-
sure is multi-dimensional and can't be expressed as a one-dimensional thing. We are
programmed by nature, by our evolution, to have many many different types of satisfactions. The
pleasure of feeling love is not commensurate with that of a hot bath.

Today, however, in Cyborg Ill, we shall be able to use the molecules and design them,
making use of our knowledge of what types of emotion we have and how we want to improve
man's emotional nature to make him less destructive and more creative, enjoying the various sat-
isfactions of life. To better the quality of life, not in a hedonistic way alone. Not chiefly in a hedo-
nistic way.

CHG: Well, reverence was one of the emotions you concentrated on.

MC: I'm the only one, | think, in the whole of psychology who has measured the expression of
reverence! One person who writes about cyborgs says a cyborg doesn't feel reverence. Well, that is
simply false. There is no reason in the world why cyborg can’t {eel
reverence as much as any other human

CHG: What about Cyborg IV?

MC: Cyborg lll, you see, is making use of all the knowledge of molecular biology to improve man
without changing heredity. Now Cyborg IV will come maybe fifty or a hundred years from now,
when we know enough about the relationship between these molecules and the mind, conscious-
ness and emotions, so they will no longer be afraid to change something, even in heredity. 5o that
they will be able to improve, clearly, without the possibility that this could be damaging. And
then participatory evolution at that point will really change human nature, and for the better.

CHG: Do you se# a proliferation of different types of humans? Because svery-

one won't be changed in the same way, | imagine.
MC: Let's say at present you can remember seven digits of a number.

CHG: Short-term memory.

MC: The average person now. With certain changes you could make it go to nine or whatever. Or,
let's say there will be a way to implant into the brain actual learning.

A computer can do two things a human can't do. One, it can forget perfectly, and two, if
it learns one thing, a bit of information, a program, then all computers in the world have learned
it, assuming that the operating systems are compatible. You work out a program for one comput-
er and you can run it on all of them. If one learns French then they all know French. Eventually it
should be possible to tap human memaory in such a way that you can make people learn some
things without the effort of learning.

CHG: And the emotions too, | would imagine.

MC: Well, emotions are mostly not learned. They grow in us; they're part of our biclogical her-
itage. YOU see, Lhey' are not arbitrary. They are part of the gifts we are born
with, just like organs. You have hearts, you have kidneys, and you have all these sets of emo-
tions. Like laughter, for example. You can't teach anybody to laugh who doesn’t know how to
laugh. You can say, "First you do 'ha’ Practice that. Next week you do "ha, ha, ha! When you can
do that well, then you may try ‘ha ha ha" It will never work. This sort of, thing you can never
introduce into a human from outside.

CHG: | was struck that in several places your book talks about @ new kind of

laughter you sort of discovered.

MC: It's the same laughter, but done in a very different way. It's laughter, but instead of the voice
you substitute another motor output. It was a prediction of the theory. The first time that an
emotional function could be predicted before it was ever experienced.
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CHG: 5o it is not a new emotion?

MC: It's not a new emotion. In fact it feels identical. The interesting thing is precisely that it feels
the same, but it's done in a totally different way. Not the usual way: "Ha, ha.” | press my arm and
my fingers on my knee at the rate of the "ha, ha,” and no "ha, ha" and tears will come to my eyes
in the same way as if | laughed with the voice.

We can't invent new emaotions unless we can change things radically in molecular biolo-
gy. The human genome is being analyzed now. This will take some time, but decades are nothing
on a larger scale. Eventually we will know the difference, let’s say, between a dog nature and a
cat nature. How are cat's emotions different than dog's? The dog wags his tail very readily and is
generally very happy and jumps up and down when his master comes home.

CHG: Right, cats are very different.

MC: Cats are very different. But emotions also would not necessarily have to change with age in
the way that they largely do now.

Even with Cyborg IV there is no likelihood of being able to invent new emotions The link
between an emotion gene and the specific feeling is a fundamental equation that is still far from
being solved, even at the stage of Cyborg IV. That is a fundamental mystery that goes to the
heart of being. It may take several hundred or even thousand years to understand that. But that
is not long.

| think | should mention that some people writing about cyborgs talk about machines
that are virtually invisible because they are made of what they call sunshine, electromagnetic
light, electromagnetic waves, and they make a big deal of that. But what in fact is visible to us by
nature? We live in a real virtual realit.y. That is, our senses give us a real virtual reality.
For example, there are no colors. They don't exist. How would the Good Lord see colors? Wouldn't
he have to have three receptors like we do, and our gualio as designed into our brains? There are
no colors in “nature, there's no sweet, there's no sound. There's none of that stuff. It's all filtered
with active filters, our senses. We, our brains, create the sensory world. We create this. This is a
virtual reality that we create. It is a real virtual reality and is our common home, derived from our
sensing—and our feeling.

Feeling warm or cold defined by our comfort zone, And it's the “invention’ of feeling
itself that we need to understand, how that marvel happened.

Even beyond this, importantly, when you see anything, you see it out in space, even
though the light touches your retina. You don't feel it at the retina. You (your nervous system, of
course] project it out into space. When you hear a sound coming, you don't feel it normally at
your eardrum, unlike when your body is touched. Evolution has figured out a prﬂjected virtu-
al reality, that your brain creates for you. Enjoy it! That too is part of the real virtual reality.

When you create this cyborg so that you can see a person 1,000 miles away you are
changing things very little from what nature magically did for us. Of course, there is no “nature”
either: there is no localized earthian "Nature,” only the universe.

Eventually, millennia from now, our brains may perhaps exist for thousands of years or
more, rich in illusion, concentrated and powerful, with multiple sensors, and may not really need the
body for its existence. The pleasures of the body, and striving of the spirit, learning, creating and
inquiring and communicating could be available without the body, and then some, as they are to us
in dreams today. That would be Cyborg V. Man's essence survives the vicissitudes of the body, with a
brain of expanded functionality, with more highly evolved feeling, with further developed empathy.
By the time that happens the very materials of the brain will have been changed to a degree, with a
new freedom because its organization will be less taken up with its own maintenance, and more
with its consciousness, with communicating to other consciousnesses, and communicating with
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sources of information, music, art, experiencing new emotions. The web of Internet will truly
become a body politic, loneliness banished for all, while maintaining individuality, privacy. People
will not fall in love because of their appearances, but will love for its own sake, as foreshadowed in
the music of Beethoven, of Bach. What will such people talk about? Serial language will have been
replaced by parallel language. (I don't mean here parallel computing which is going on in the brain
all the time, but language itself) Time consciousness too, will be choosable, to encompass various
rates of time flow, at will. And what is will, or rather what will be will? There we have to leave you
with something to ponder, in case everything else has been taken care of!

When we dream in sleep today we give up our will, we dream to ourselves, we don't
know what we'll be dreaming next, yet we are also effortlessly creating the dream. Moreover, in
dreams our sense of time is transmuted. We shall know enough then to be able to chose the pace
of our time consciousness We are presently programmed biologically for
a certain rate. There is nothing absolute about that rate. A being
might exist for whom day and night is like a flicker; and for a fly a second may be a lot longer
than a second is for us now. Modifying our own rate of time consciousness as we desire will very
likely become possible at some stage after Cyborg IV, Our dreams already point to that possibility.

After all we need to dream now, and often, mysteriously to us, we may be wiser in our
dreams than we think. Evolution is more than survival of the fittest. And
participant evolution can make fit the adventurous, the self-chosen unfit, and probably improve
the qualities of life more effectively, even in the long run, than by just waiting for the less fit to
become extinct. Let us pay homage to those adventurous fish who ventured unto land. Without
them we would not be here. Their less adventurous cousins are fit and still survive today, in water.

Motes
1. Rejected without explanaton by Astranaulics, it 15 published for the first time immediately preceding
this interview,

2. "Essentic form-aspects of control, function, and measurement.” Proceedings of the 215t ACEME
Conference, 1968.

3. “Sentics, Biocybernetics of Emotion Communication,” Anawal of the ALY Acodemy of Sciences 220, pp.
BE-131, 1974,
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HOW DO WE GET THERE?

Maior Jack E. Steele, USAF, MC
Wright Air Development Division

Where are we, where are we going, and how do we get there? These questions
are obviously interrelated. Apparently we are going to design devices and
systems which to the naive observer might appear to be alive. They will
employ processes and techniques and accomplish functions which hitherto
have existed only in living systems. Where are we now? We are on the thresh-
old, or some would say slightly beyond the threshold, of an era of scientific
and technical development in which such achievements are possible. We are
here because we are consciously aware of, and have had some practical expe-
rience with the methods necessary to such achievement. We have given the
name “Bionics” to the recognition and practice of these methods.

The techniques employed, drawn from three scientific or technical disci-
plines—biology, mathematics, engineering—are represented by the symbol
with which you are familiar. Present-day computers, with all their shortcom-
ings, are some of the most 'vital’ devices man has ever produced. A short
review of their heritage is in order. It will serve to illustrate the method of
contribution of each of the three areas. It begins with Aristotle’s study of
man. His contribution was his logic, a verbal description of the processes of
thinking and of speaking which he considered to be a manifestation of
thought. The next important step in the sequence was the work of George
Boole, a mathematician who published, about a century ago, a book titled
The Laws of Thought. In this book he demonstrated that the essence of clas-
sical logic could be expressed as an algebra, now known as Boolean algebra.
And finally we have in this century the engineer Claude Shannon, who
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showed that Boolean algebra could be applied very practically in the design of
switching circuits and networks. And today there is a host of engineers apply-
ing that algebra to the design of those switching networks known as digital
computers.

These relationships so expressed seem fairly clear and obvious. But, they
have not always been so obvious to everyone. I have met computer designers
who said they had no use for biology, that mathematics alone was adequate
for their design problems. They employed Boolean algebra, of course, but
obviously were unaware of or had forgotten its origins. On the other hand, I
have heard designers discuss the implementation of ideas which they attrib-
uted to Piaget, a child psychologist. I trust they will graduate eventually to
borrowing from adolescent and eventually adult psychology. The greatest
hope of bionics is that something has been learned about the human mind
since the days of Aristotle, that modern mathematicians can formalize this
knowledge and that modern engineers can utilize it.

Now to discuss the greatest difficulty, organization. The three diaciplines are
competent to handle their proper portion of the problem, but how is the
effort to be combined? All combinations of the same three things are not
equivalent.

These three techniques or disciplines no more constitute bionics than a box
full of transistors, condensers, resistors and wire forms a radio. The relation-
ships existing among the components is the deciding feature. The same com-
ponents yield systems of widely differing function, depending on their inter-
connections. These interconnections are more difficult to trace in human
organization. When we see a team composed of biologist, mathematician and
engineer working together we may easily misinterpret the function of the
group. Considering a single directed relationship such as who offers advice or
assistance to whom, there are 51 discrete ways to organize such a three-man
group without excluding any man from the group activity.

Of these many possible structures for such a group some are so traditional
and common that many people can conceive of no other. The engineer builds
equipment with which the biologist collects data for the mathematician to
analyze. This is as obvious and natural a relationship as the sun riging in the
east, setting in the west and thus revolving around the earth once a day, but
it is not bionics. This traditional limitation is unbelievably severe. I know of
not one biologist whose main activity is that of applying biological principles
in the aid of machine design. There may be a few attempting to formalize bio-
logical data so that it may be ultimately applicable.

Consider the quantitative aspects of the problem. Four rather large corpora-
tions with over 400,000 employees and expressing great interest in bionics
employ among them in their research and design activity five life scientists.
Any small biological or neurophysiological laboratory may employ this many
physical scientists, engineers or technicians. But still more serious, in each of
these corporations, the relationship is such that the engineers are helping the
biologists study life. The biologists are not helping the engineers with their
problems. The attitude of the biologists—that they know nothing of value,
and that only at some future date, after having received still more assistance
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from the other two disciplines, will they acquire marvelously useful
knowledge—is one of the greatest impediments to successful collaboration.

This situation is the consequence of natural selection. A man with a primary
passion for synthesis or creative design simply does not become a biologist. The
problems and attractions of biology are not those of synthesis and design, but
of observation and analysis. Lest you think I am over-critical of the biologist I
shall remind you of the problems brought to the collaboration by the engineer
and the mathematician.

The engineer typically resents the sloppy amorphous quality of biological
knowledge, its lack of precision and its multivariate complexity. The engineers
often feel they have nothing to learn from this messy science and that mathe-
matics is adequate to their needs. This means that someone like Boole must
convert the biological principles into nice neat equations so the engineers will
not be offended.

Finally to the mathematician. He enjoys manipulating symbols. If these sym-
bols stand for nothing recognizable to anyone else, biologist or engineer, then
the mathematician refers to the manipulation as Pure Mathematics. The
mathematician prefers abstractions, the less he abstracts from, and the more
he can reject of, reality, the happier he is. The mathematicians “neuron” is
stark indeed. He quickly strips it of all its biologically interesting features to
get on more quickly with the more enjoyable occupation of symbol manipula-
tion. He strips his problems of these features which would make them interest-
ing to others to make them rigorously solvable and therefore of more interest
to himself.

Well, how do we get there? What is to be done about these problems of tradi-
tion, disposition, and organization? Tradition can be overcome only by educa-
tion and demonstration, at worst by the education of a new generation of scien-
tists differently oriented because they gained their experience and training by
working on problems of a different type and in a different environment than
that which molded their predecessors. The problems of the biologist, the math-
ematician and the engineer referred to previously exist because in the carica-
tures drawn the man was “only a biologist,” “only an engineer,” or “only a
mathematician.” When one man is all three he cannot hold these provincial
attitudes in regard to communicating with himself. He can bring a blend of the
attitudes of all three to bear on the same problem.

Herein lies part of the motivation behind the generation of the term bionics.
Interdisciplinary effort, cross-fertilization is approved by all, but the product,
the half-breed is often socially acceptable to neither parent group.

He who chases two rabbits catches neither. A man half trained in several fields
is well trained in none. However, he serves a useful purpose, that of translator.
The easiest way to make such training acceptable, both to the man who must
acquire it and to the institutions which must provide it is to define a new area
precisely covering it. The trick has been used before, often successfully. In the
meantime we must make do by continuing the education of existing specialists,
by teaching biology to the engineers, mathematics to the biologist, and an
appreciation of messy, nonlinear, probabilistic reality, both biological and tech-
57/
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nological, to the mathematicians. For those who can stand it, the insight
afforded to their traditional problems by the broadened conceptual system so
acquired is well worth the effort. Further they are then qualified to partici-
pate in one of the most fascinating and rewarding challenges of modern tech-
nology, the creation of the true servomechanism, the true slave-machine
transcendent in strength and intellect, subservient in will.

Though this goal is great and distant, we need not sacrifice to reach it. Each
step of the route affords rich rewards more than sufficient to repay the effort
necessary to achieve it. This becomes increasingly evident to those working
in the field and helps provide part of the answer to the final problem, how to
gain the organizational and financial support from the nontechnical portions
of the organizations in which such activities as bionics must always be
embedded.

There is always opposition of greater or lesser degree, of various types and of
many motivations. “Men were not meant to fly.” “Wheels are better than
feet.” “Airplanes don’t flap their wings.” Many fear the fate of Prometheus
and Arachne. Some simply consider the task too difficult and all effort wast-
ed. The answer is unceasing education and explanation, and gadgets, simple
solutions, soon delivered. Identified as the offspring of bionics they will bring
honor and support to their parent and make the greater achievements possi-
ble. Other organizational problems are not specific to bionics and their solu-
tion will not be discussed here.

Finally having acquired personnel of adequate education and attitude, and
having acquired financial and organizational support, the technical approach
is relatively simple and straightforward. Of utmost importance is to keep the
goal in mind, the solution of some engineering design problem, not the con-
duct of experiments, not the formulation of theories, not the publication of
technical reports. These are ancillary to the solution of an engineering prob-
lem. Problem selection is based on several criteria:

1. Utility. The solution of the problem must yield something of practi-
cal value, not a symbolic reward.

2. The problem must be common to both synthetic and living systems.
3. The problem must appear solvable in all three areas.

a. Biological understanding must be well developed.

b. The requisite mathematics must be available or under
development.

c. Engineering ability must exist to exploit the answer when
available. Having selected a problem, the biological system
and processes responsible for its solution are analyzed. The
information is formalized or described mathematically and
applied to the solution of the engineering problem. This is
the analysis, formalization and synthesis represented in the
bionics symbol.
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The manner in which bionics will make its greatest contribution to technology is
not through the solution of specific problems or the design of particular devices.
Rather it is through the revolutionary impact of a whole new set of concepts, a
fresh point of view. Engineers are not considering systems of organizational com-
plexity far beyond their past experience and present ability to comprehend. Such
systems are the natural domain of the biologist. It would appear strange indeed if
the concepts developed during their centuries of study do not provide profitable
insight to those men presently laboring at the synthesis of similar systems.

(From the Bionics Symposium, Dayton, Ohio, September 1960. Thanks to Frank L.
Palazzo for tracking Dr. Steele down.)
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An Interview with Jack E. Steele

Chris Hables Gray

Chris Hables Gray: Can you tell me when you were born and your parents

names?
Jack E. Steele: 27 January 1924 in Lacon, lllinois. My father was Maurice Steele. His family left
England as a result of the War of the Roses. My mother was Ruth Feller. Her parents were
Pennsylvania Dutch.

CHG: Where did you go to school?
JES: Many places. 12 years in my father's school system in Mendota, lllinois Then one year at the
University of lllinois in Champaign. | was drafted in 1943. | was in the ASTF, the Army Specialized
Training Program. The Army sent me, after basic training, to the lllinois Institute of Technology for
two quarters of engineering and then to the University of Minnesota for a year of pre-medicine.
After 9 months working in an Army hospital | was sent to Northwestern University Medical
School. | was discharged in the spring of 1946 because the Army didn't need doctors. | finished
medical school with the help of the G.I. Bill and a 40-hour-a-week night job. Then in 1951 they
decided that they did need doctors and | was drafted again.

During medical school | spent one summer at the University of Indiana and one at the
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University of California at Berkeley. Fermi and Oppenheimer were visiting professors. | audited
their courses and took a course in atomic physics. | had been studying semiconductors and
metallic-oxide films because | thought they could be used to make small solid-state analogues of
vacuum tubes and | realized that many such would be needed to build my thinking machine.

CHG: Didn't you also get a master's degree in 19777
JES: Right, that was from Wright State. | had nightmares in medical school if | didn't continue
studying engineering. While in the Air Force at Wright-Patterson Air Force Base, | took courses in
missile guidance, servomechanisms, computer programming and mathematics. By the time |
retired from the Air Force | had the equivalent of a BS. in engineering and was accepted in the
Wright State master's program.

CHG: Before the Army drafted you the second time you wers ressarching neu-

roanatomy.
JES: After interning at Cincinnati General Hospital | returned to Northwestern University Medical
School and asked Dr. Ray Snider for permission to work in his laboratory. When he understood
that | was not asking for employment he agreed. After two months he found a fellowship for me
and | was given enough to live on. During the following months my mother sent me a quotation
from Edison, one of my boyhood heroes. He said, in effect, that any man can work for any man
he wishes if he offers to work and does not demand payment. Furthermore, if he is worth any-
thing he will get paid. | am the only person | know who actually did this

In Dr. Snider's laboratory | studied the effects of drugs on the electrical activity of the rab-
bit's brain, | may have been the first to observe that DOT affected the brain. Alcohol does also.
They were the two largest effects.

At the end of that year another doctor and | were accepted to work at Mantino State
Hospital, with a population of over 20,000 psychiatric patients. We had the use of a laboratory
and hoped to test some of our theories about schizophrenia, but | was drafted again.

CHG: When was the first time you were drafted by the U.5. Army?
JES: In 1943 for World War II. | was drafted again in 1951 (in spite of being over the draft age
and having had more than the required time in service).

CHG: You were then an officer because of your medical training.
JES: Right. | was a first Lieutenant in 1951, | retired in 1971 as a Colonel.

CHG: | was going to ask you about the exact genesis of the term "bionics.” |

guess it was first publicized in 1960, but you coined it in 19597
JES: Probably, in August, 1958. The first printed example | can find is June, 1959 in a note to the
Committee on Bioelectronics. We more readily recognize the existence of something if we have a
name for it. Bioelectronics, biophysics, biomechanics, biochemistry were all names for other disci-
plines in the service of biological research. There was almaost no recognition of biology in the ser-
vice of design engineering or the solving of design problems in general. This reverse flow of
information has occurred for centuries but only in the work of individual creative men. There was
no organized effort as in other disciplines.

| sought Greek roots as the best source for a scientific name and most easily translated to
other languages. The dictionary defined 'bion' as a unit of life with emphasis on function, as
opposed to ‘'morphon’ with the emphasis on form. -ics' is a common ending for an area of intel-
lectual or other activity as in mathematics, physics, athletics, politics. Bionics is the dis-
cipline of using principles derived from living systems in the
solution of design problems. Similar problems may be solved by similar techniques
Bionic is the adjectival form and refers to things which are lifelike in function or the efforts to
produce such things.
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CHG: You were saying that your earliest interest was in the human brain.
JES: | knew about thought before | knew there was a brain. "Why do other people think so
funny? was a big question in my mind as a preschooler exploring the world. It is actually easier
to analyze a system through its failures than when it is functioning well. The nature of the mis-
takes it makes is determined by its structure and function.

At that time | was collaborating with Leonard Butch. He was a major in the Electronics
Technology Laboratory. When the bionics project was split between the two laboratories we
began to work closely together.

| did know Warren McCulloch quite well. In fact | shocked my bosses when we were planning
the first symposium. In a meeting one day they said it would be nice to have him and Vion Foerster
in our symposium. The next day | told them that the men had agreed to come. They wondered how
| had done it. | simply called them up and asked them. | had known them for years.

CHG: How did you know them?
JES: The year | worked with Dr. Snider he introduced me to Dr. McCulloch who was at the
University of Chicago. | actually can't remember where | first met Von Foerster. [t was probably
through them.

| visited McCulloch's farm near Old Lyme, Connecticut. | tried to explain what was wrong
with his "A Logical Calculus of The Ideas Imminent in Nervous Activity,” the digital logic, etc, He
sort of pooh-poohed it and said | should go study logic. 5o | studied logic for a couple of years
and so was better able to explain why it was wrong. The information in a signal is carried by the
part of the signal that varies. Neural pulses are remarkably alike. It is the spaces in-between
which vary and they of course are analog. Others | met include Norbert Wiener, when he spoke at
a brown bag lunch at M.L.T. | had read his book, Cybernetics, when it first came out. What
impressed me most about him was his recognition that there is no reason to believe that mathe-
matics may ever represent reality exactly, that at best it is probably an approximation. Pﬂﬂple
too readily accept logical, formal descriptions of things as totally
accurate representations.

CHG: That's a good point.
JES: He is the first person | met who really understood this.

CHG: At some point you did research for NASA on space sickness?
JES: No. Twice they requested my transfer and | agreed but twice it was blocked by my supervisor.
| did, however, work on motion sickness.

CHG: Lately, NASA's besn using biofesdback as a way of dealing with space

sickness. Would that fit into your model?
JES: You can control a lot of things by feedback, even the pain of a burn and certainly blood
pressure. Basically | think that motion-sickness symptoms are a problem of vascular control. For
example, when | was doing zero-G rides, | got sick. Not during the zero part but during the
increased G. | began to get a little nauseated. | opened up one of the bags just in case, stuck my
hand in, and found that someone had already used it. My nausea vanished immediately.

CHG: Becduse your blood pressure went up?
JES: Yes, | got angry. Later that same day, | was standing in a crowd waiting to see some dignitary
visiting the art museum. | got so nauseated and faint just standing there that | had to leave.
Because I'd over exercised my vascular control system apparently. You see, getting blood to the
brain is important. We have to tune the muscles in our veins and arteries in such a way as to do
it. And that's part of the adaptation to a changing inertial environment.

The problem in motion sickness i1s not overload of the sense organ but overload of the data
processing required for adaptation to a novel inertial environment. There is no sickness when
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adaptation is achieved or if there is no attempt to achieve it.
CHG: | was geing to ask if the first time you ever heard about cyborgs was when
the writer Martin Caidin came by?
JES: Yes. | think so.
CHG: And how did he hear of you? Do you know?
JES: | don't know. I'm not sure | know what you mean by a cyborg.
CHG: Well, Clynes and Kline had a specific definition but if you've ever read
Caidin's book Cybory...
JES: Oh, yeah, Specifically an amplifier of human beings? That was one of the things | was inter-
ested in. At that time servomechanisms were designed using feedback to control either the force
or the position of the actuator. Living systems fed back both force and position information. This
is necessary when your actuators are working against a load having variable impedance. | had a
simple little device built to try that in our lab but it's amazing the things | couldn’t get my bosses
interested in. That was one of them,
CHG: Doesn't the Air Force still actually have bionic symposiums? Do you know
of any bionics associgtions?
JES: | know of no recent symposiums nor of any associations, though there are laboratories of
bionics in other countries
CHG: Well, the term is used. | come across it.
JES: What does it mean when you come across it?
CHG: Well, it's often in terms of engineering. Actually it's sort of become the
engineering term for working on the idea of cyborgs. Mechanical systems that
imitate living systems, living systems made mechanic, or actual systems involy-
ing both. Biomechanical. Work done in medicine. You might come across the
term bionics as an engineering discipline.
JES: There is a big difference between using the principles of living things, such as dual feedback,
so that you can feel what sort of resistance you are meeting, in order to avoid shaking things like
airplanes apart, versus making something that looks like an arm that can lift something and
move it. One is imitation where it just sort of looks like and acts
like, and the other is a design process. The end product may not look like any-
thing. But when you borrow design features from a living thing, that to me is bionics. Of course, a
word is like a child. You launch it into the world and it develops a life of its own.
One thing that makes me kind of happy is to see an eight-year-old kid hobbling along on leg
braces and crutches grinning and saying, I'm bionic! I'm bionic! | get a chuckle out of that.
CHG: You were telling me how Universal Studios was trying to buy....
JES: They bought the rights to Cyborg.
CHG: Yeah, Martin Caidin’s book. And then they tried to copyright and trade-
mark bionic.
JES: They tried to keep other people from using the term. Apparently they did copyright a few
combinations like "bionic dog® or "bionic woman.”
CHG: Did this ever go to court?
JES: Oh yes. | looked up cases on bionics and | found quite a few. Mainly it was Universal Studios
trying to prevent others from using the term. A rubber-heel company wanted to make bionic heels,
a knife company wanted a bionic knife, and so forth. And generally, Universal Studios lost, not
because it wasn't their term, but because nobody would confuse a rubber heel with a bionic man.
Incidentally, the hidden agenda behind my promotion of bionics was to legitimize and
obtain support for building @ thinking machine, my life ambition. | found

{64

Google



GRAY

there was a lot of resistance to it. | put down thinking machine as a long-range goal in the

research plan. My bosses crossed it out. | was not allowed to work toward a thinking machine.
CHG: But the term bionics didn't scare them?

JES: No. That was life; they were biologists. We were in an aeromedical laboratory, a biological

laboratory. Bio didn't scare them. Neuromime networks were acceptable.

Col. Butch [he was finally made a colonel) described what we were trying to do to one of the
Brothers at the University of Dayton, a Catholic institution. He was told, *If you succeed, it will
have to be baptized.” That alerted me to the source of a lot of the resistance. Human egotism, the
need to feel unique and superior. There's a lot of emotional resistance to a thinking machine. Only
men can think; machines can't. It 18 ridiculous the way people keep redefin-
ing thinking in order to keep themselves ahead of machines. 501
started giving speeches all over the country, in Minneapolis, Minnesota, in Texas, Washington,
New York, and Virginia. "Machines Who Think and People That Don't.”

Telling about how clever machines are and how people keep putting them down. Like we
aren't animals. "God made us superior to animals” If we are made in the image of God, you can
see the blasphemy some would see in our making a machine in our image.

CHG: So you actually think that in some ways we are machines and we are ani-
mals.
JES: Of course we are animals and machines. If we and other animals didn't share some proper-
ties with machines, bionics would be impossible.

Most designers of intelligent machines tend to follow Aristotle. He made a great error in his
logic. He said he intended to analyze human thought, but since we thought in Greek, he would
just analyze the Greek language. The purpose of language is communication, not thought. That
has misled almost everyone who has worked on thinking machines. Words are tricky. People who
think with words don't think very well. Formal logic is kind of ridiculous. The thinking is all done
by the time you get the formal logic going. Most psychologists and logicians agree that we do
not think with logic. It is not natural and must be learned. Formal logic deals with the form of
statements, not their content. Our thinking is mainly by content logic. Formal logic may be used
to check the results

| call the logic we actually use ‘protologic’ | developed it before trying to design neuromime
networks to implement it. At first | called it "fuzzball logic™ because of its multidimensional and
fuzzy properties. | was pleased when Zadah started promoting fuzzy logic. It was very similar.
That's what machines will have to use if they're going to think. Some of the networks are
approaching that a little bit.

CHG: So from the very beginning when you heard of digital computers—and
maybe you heard of Turing’s article in 1950 in Mind?
JES: Oh, yeah.
CHG: You assumed that the digital approach wasn’t going to be the right
approach?
JES: | always believed that thinking was analog. As | learned more about digital computation |
realized that for computational purposes they're equivalent, but | have never seen the real differ-
ences between digital and analog discussed.

Essentially a digital system uses some subset of all possible signals. Not every possible signal
is recognized as an acceptable signal. In speech every sound is not a legitimate speech sound. We
have a set of sounds, maybe fifty, that we recognize as speech signals. Different languages use
slightly different sounds Accents are due to our programming as children to hear only our own
set of speech sounds. However, when we hear sounds near one of them we tend to interpret it as

65)

RSITY OF MICHIGAL

: Gﬂ 8[': INIY



AN INTERVIEW WITH JACK E. STEELE

if it were that sound. When you hear a foreign language you tend to hear sounds in your own
language that are near what they say. It's sort of a noise-correcting thing. Digital basically is a
noise-correcting system wherein signals that are a little bit off are interpreted as being the near-
est acceptable signal. That's the difference between digital and analog. An analog signal is infi-
nitely continuous. It makes error detection and correction difficult.

CHG: What was the first computer you came across?
JES: Good question. | read about Vannevar Bush's Differential Analyzer, an analog machine. The
first digital one was the IBM machine on the base. | remember my surprise when it ran the same
problem twice and got identical answers. Thinking like an engineer | always expect a little slop
and error. When you repeat an experiment you get nearly the same results. | started collecting
pieces to build my own computer. We had a computer club in Dayton, but before | got enough
parts, Commodore came out with a computer for about $600. It sat on the kitchen table for sev-
eral years.

CHG: Then after you left the Air Force, your M.D. was already in psychiatry?
JES: Psychiatry is a medical specialty.

CHG: You had to go through analysis?
JES: No. Three years are required. A year of didactic instruction, a year of research, and a year of
supervised practice. You are then eligible to take speciality board exams. That's one way to get to
be declared a specialist. In Ohio I'm legally a psychiatric specialist not because | took the board
exam but because | limited my practice to psychiatry for ten years. The reason | didn't take a resi-
dency is | could do impossible things as an intern and | didn't want to spend three years being
told it couldn’t be done.

CHG: For example?
JES: Getting a catatonic-schizophrenic out of her catatonia and talking normally in about an
hour-and-a-half or two. Getting a paranoid-schizophrenic, who was too paranoid to eat the
food, claimed it was poisoned and so forth, able to return home in ten days

CHG: What is your approach to psychiatry? Is it very much neurclogical?
JES: No. Ideological. Logical if you want. Personality. Remember since age five |'ve been trying to
figure out how people think. By 1943, when | was in the Army in engineering school, | experi-
mented with implanting a memory in a man. Very successful.

CHG: Through hypnosis?
JES: No. That's a misunderstood condition or term. Indirectly, | set it up so that it was to his
advantage to remember. He protected his ego by remembering. So his own internal parts juggled
things around to remember because it would have been too painful to him not to remember.

We were in a school that failed out twenty percent per quarter and they went out to be shot

at. Losing your memory could be fatal. 5o | emphasized that he didn't remember and this was a
sign of mental weakness. | never once told him what to remember. That isn't how you suggest
things. Anyway that confirmed that my theories were coming along pretty good. In doing psychi-
atry | felt that | was modeling clay using tools of clay. | had to get an internal ally. Instead of
emphasizing their sickness I'd emphasize the part in there that was well. You strengthen the part
you interact with, Instead of making a lame man hop on his lame leg, you teach him to walk with
crutches on his good leg. Then you have an ally to help you solve the problem. Fifth-column ther-
apy, if you want.

CHG: Is that what it's called in psychiatry?
JES: | don't think anybody calls it anything. Some refer to 'the answers within. People heal them-
selves with the therapist’s coaching.

CHG: Well some psychologists have emphasized thinking about what makes
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people well. People like Maslow. | don't know psychiatry that well.
JES: | did not take a residency because | did not want to be told for four years the impossibility of
doing what | could already do. Had | known about Milton Erikson | would have sought a residency
with him. You asked how did | deal with those patients? In retrospect it seems | was using
Eriksonian indirect hypnosis. The reason | really miss not getting to know him was he arrived at it
by years of experience. | arrived at it by theory. He always eschewed theory. Most theories aren't
very good. Theory got me to the same clinical-type activity as his nontheory. | think we would
have made a good pair.

CHG: Are you now thinking of working more on your original project, of a think-

ing machine?
JES: You know what model neurons are | suppose?

CHG: Yes.
JES: | didn't even call mine a neuron because | figured it was much more simple. But it had about
five different types of input. Just one or two types of inputs seemed totally inadequate. In order
to accomplish the logic | thought people used in thinking they had to have at least five different
types of input. Incidentally, now they've discovered 15 or 20 different chemical communicators in
the brain, possibly closer to 100. | anticipated that there were more than they knew at the time
because they were necessary to accomplish the logic.

CHG: Are you going to go back and play around with neurons?
JES: For one thing, now that everybody knows more | won't have to explain as much when |
write. People have stumbled along with a lot of stuff, fuzzy logic, for example. That is much like
the protologic | was trying to implement in the 60's. | get kind of irritated with people who make
a neuron and say, ‘Well, if we hook enough together it will think' Like, "birds fly with feathers.
Let's glue a bunch of feathers on a board and it will fiy! That's not the right way. The task comes
first and then the tool. You've heard about the doctors who invented a cure and thought surely
they would find a disease for which it would work? That's the approach of these guys with their
networks. To me the proper approach, and the bionic approach, is not ‘'What does the brain do?
but ‘What is the logic that the brain uses? You see, we don’t have to have the
same hardware or the same signal, but if we use the same logic
system we can get it done. And incidentally, neither the logicians nor the psycholo-
gists will claim that we think with formal logic. That's Aristotle's analysis of language. And Boole
claimed rules of thought but he just formalized Aristotle. And, as far as | know, I'm the first one
who ever really looked at the logic of the brain. | get frightened sometimes | think, "Gee, am | the
first one who ever did this or ever did that? | can feel less proud when | realize that protologic, a
content logic, could have had no application before the advent of computers. It simply requires
too much information processing.

CHG: Someone has to be first.
JES: Yeah, | guess so. You know what happened to the first guy to fly across the Atlantic?

CHG: Mo.
JES: Lindbergh. His son was murdered.

CHG: Oh, right, he was kidnapped and murdered.
JES: This impressed me about the time | was learning to read. He was my hero and then when I'm
reading the newspapers | hear about what happens to people who are famous and well known.
It's always been rather repellent. My ambition has always been to have my work well known, and
not my person.

CHG: That reminds me of that story you wrote in your letter. Your mother fell

and you had a dream.
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JES: Yeah, that was the dream.
CHG: That your mother fell and her head came open and it was full of wheels.
And that was a relief?
JES: Yes.
CHG: Because you realized that her brain worked the same way as yours?
JES: No. | realized that was why she was so rigid in her thoughts. She was programmed.
Automatic. She couldn’t adapt to circumstances. | couldn't reason with her any more than you
can reason with a clock.
CHG: That's interesting.
JES: If a person is foolish you think, ‘Gee, maybe they're crazy or something? But if you find out
that they are merely programmed then there may be nothing wrong with their thinking. They are
just poorly programmed. People would ask at the hospital why | never got angry at the patients
I'd think of them as mallunctioning machines. It's stupid to get
angry at machines. And other people say, ‘'Oh, don't you care about people? Certainly, |
happen to love machines
CHG: That's very interesting. Um, to go back to a more contemporary issue ...
Have you ever read Marvin Minsky's book, A Society of Minds?
JES: | don't think so. Is that a multimind kind of thing?
CHG: He actually locks at a lot of different approaches used in artificial intelli-
gence. Everything from scripts to McCarthy's fascination with common sense
and so on to neurclogical models. He says, “Well, they're all sort of true.”
JES: Well, they're all symbal manipulations rather than representations of reality.
CHG: So you would say they're all sort of false?
JES: Yes. They are all Aristotelian in that sense of manipulating the names of things instead of a
more information-rich representation. When | get to feeling proud about being the first to figure
out this protologic logic | put myself down, saying, 'Well, what good is it? You can't write it
down? It takes a computer to realize! There was no use for it before computers. Other logic had
good use, but protologic was a content logic, or at least a large part of it was content. To illus-
trate: If two men can paint a house in a week, ten of them can paint it in a day, a thousand of
them can paint it in under thirty seconds? Formal logic would say yes, that's so. But you laugh at
it because of the content. You have knowledge of houses, men, and the operation of painting.
That's the way we think.
CHG: Zeno's paradox shows the fallacy of that kind of logic ... the arrow only
gets half-way there, then half-way again ...
JES: The fallacy is in the term ‘never’, a temporal concept. Each step goes half the remaining dis-
tance but in half the remaining time. The ancients weren't too good at summing infinite series
Well, of course, Zeno's paradox is evidence of poor thought. Any paradox shows you
are using a poor model. Reality has no paradoxes, only models of it do. Whenever you
encounter a paradox there is an error in your model.
CHG: 5till, you must accept Godel's Theorem that any model that's at a certain
level of complexity is then either limited or does have paradoxes?
JES: Certainly. All models are limited. They are abstract. Ultimate prediction is impossible because
the only total model of reality is reality itself. Any other predictor is a small subset and has to be
abstracted and leave something out.
CHG: 50 I'm curious about several other issues. Did you ever read much science
fiction?
JES: Yes. | did last night. | did this afternoon.
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CHGQ: | meant originally ... When you weres younger.
JES: Oh, yes. | started in the forties. Not my forties, 1940, 1939, in there.

CHG: Do you remember any of the things you read?
JES: Astounding mostly. | remember a story about Waldos, remote manipulators. They were a sort
of telepresence for manipulation. They could be made large and strong or small and delicate.
There was one story about rewiring a brain. They just hooked things up and figured the person
would learn to use the new connections, which was rather fascinating and rather forward looking
at the time. There's a limit to how far you can relocate connections. If an auditory input is hooked
to a visual area you will see sounds. This occurs sometimes in human development.

CHG: Asimov's robots?
JES: Yeh. Incidentally, there must be eight or a dozen consciousnesses in the mind running
things. | mean, it takes a thousand men to run a battleship. A captain couldn't do it with a lot of
buttons. There is too much information processing involved.

CHQ: is this related at all to multiple-personality disorder?
JES: Of course it is related to multiplicity. We all are multiple. But we're a little more tightly orga-
nized than the multiple personality. We all have things we've forgotten, areas we don't remember.
Different parts do different things. In different circumstances we're different people. I'm thankful
for all my tumbling and athletic and combat training because when I'm in a dangerous physical
situation | react so rapidly that only in retrospect can | realize what I've done. A motorcycle acci-
dent, for example, | came out of totally uninjured. Just by very fast responses.

Multiple personalities develop for protective purposes. Some suffer the trauma but keep the
others unaware of it. Thus the person can keep functioning. It becomes a disorder
only when the person has escaped the traumatic situation but
has not reorganized the crew or cared for the injured parts.

CHG: So what science fiction have you been reading more recentiy?
JES: | subscribe to Analog and Fontasy and Science Fiction. I'm getting a little disgusted at the
PC-ness of it. Political Correctness.

CHU: How so7
JES: Well, they just have to have a female black homosexual for a hero. Or some variation there-
of. | get a chuckle from Stor Trek sometimes, when they seem to show great cooperation among
different species. You know everybody gets along with everybody. And then poor old Data wants
to be human. That's not getting along. Its just another example of human egotistical chauvinism.
As if being human is good, somehow super-virtuous.

CHGQ: | was also wondering since you watch a lot of science fiction what do you

think of some of these cyborgs you see on TV, like the Borg on Star Trek
JES: They were intended to be villainous, but their villainy is not due to their mechanical aug-
mentation but to their biologic traits, those of colonial insects, bees or ants.

Of course my favorite is Data. He's a great guy. People so easily overlook that we're all sort of
cyborg. We wear false teeth or have metal or plastic implants in our natural teeth. And clothing.
Clothing is so obvious that we don't see it. All of us are cyborgs walking around with synthetic
fur, synthetic skin on the bottoms of our feet. Many wear lenses in front of their eyes or ampli-
fiers in their ears and in these modern times many another artificial but well-functioning part.

CHG: Yeah, it certainly is @ continuum. Humans have always been...
JES: We've always been cyborgs, more or less!
CHG: In some sense | think that's certainly true...
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of man’s capabilities and limitations under the unpredictable and often hostile

conditions of space flight, and the theoretical possibility of incorporating artifi-
cial organs, drugs, and/or hypothermia as integral parts of the life support systems in
space craft design of the future, and of reducing metabolic demands and the attendant
life support requirements. By this approach it is hoped that the efficiency and longevi-
ty of the life process on board space flights may be increased. It covers these new areas
in detail in order to determine whether their application or utilization can assure the
continued contribution of man to the success of prolonged space flights or interplane-
tary exploration without threatening his safety during such flights. The idea of modi-
fying man is an advanced concept which must supersede conventional thinking and
which will, in the long run, provide us with basic research data in the fundamental
physiology of man during the conditions of space travel.

The Phase | CYBORG study has two principal task areas. Task A is a detailed
consideration of the availability and practicability of using artificial organs, hypother-
mia and/or drugs in adapting man to a space environment.

Task B is the collection and study of data relating to the operation of the human
heart in a space environment. This has included the development of a mathematical and
physical dynamic model.

This report is divided into seven major sections. The sections on artificial
organs, hypothermia, drugs, sensory deprivation, and cardiovascular models represent
the detailed discussion of the roles each may play in space flights of the future.

Section II thoroughly analyzes the history, development, state-of-the-art, and
future directions in the fields of the artificial lung, the artificial heart, the artificial
kidney and extracorporeal pump oxygenating equipment. All of the problems associated
with the development of such units, physical, mechanical, and physiological, are con-
sidered in detail. Various existing models of each of the units used in present-day clin-
ical procedures are illustrated and evaluated. Conclusions based on this information
indicate limited application of artificial organs to space craft life support system design,
with certain reservations however.

The CYBORG study is the study of man. It concerns itself with the determination

Section III follows the same general plan of analysis with great stress being
placed in the physiologic aberrations and responses to artificially reduced body tem-
perature. Methods by which body temperature can be lowered either by external means
or electrical neurologic stimulation are covered thoroughly. The effect of this temper-
ature reduction on the major organ systems and their physiologic functions is careful-
ly analyzed. This work appears to indicate a potential role for hypothermia as a meta-
bolic retarding element, both from the standpoint of space applications and terrestrial
medical research contributions. The metabolic reducing effects of a hypothermic situ-
ation have been clearly demonstrated in many areas of clinical research. The ability, at
some point in this research, to “suspend animation” by hypothermia becomes a sig-
nificant possibility. In the preservation of red blood cells for instance, work under Navy
contract has already shown that the storage of the erythrocyte is possible for periods
up to four years. Tagging and reinjection of these stored cells into living systems has
indicated that their predetermined life cycle of approximately 120 days has remained
unchanged by the lengthy period of hypothermic preservation.

Section IV deals with a pharmacologic approach to the problems possibly to be
encountered by space travelers. The use of drugs as adjunct or protective agents in
human physiology for space flight considerations is not new. Extensive work has been
done on the radioprotective properties of a variety of chemical agents. The section on
drugs in this report limits itself, however, to a study of those agents considered applic-
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able only in the areas of anxiety, depression, fatigue, acceleration protection, thermo-
protection, metabolism reduction and motion sickness,

The use of chemical agents to alter physiologic function in space flights enables
the operators to eliminate many variables in physiologic function and maintain precise
and predictable control over these functions. However, although there is a great wealth
of information on literally thousands of such agents, there is no central information
source where the complete and varied effects of these agents, over and beyond those for
which they were produced, may be obtained. It is felt that such an information base
should be established immediately to fill this need. This agency would not only help the
medical profession, but would also make its data available to those engaged in all forms
of biomedical research.

The section on Sensory Deprivation (V) was heavily investigated because it is
felt that this area can cause potentially debilitating effects on research pilots engaged
in space exploration. It is considered a serious limitation on man’s adaptability to space
flights and, therefore, it has been emphasized in the CYBoRG final report. In this area
there has been extensive research and even the most preliminary analysis indicates that
in hypodynamic situations where there is minimum sensory input, depending on the con-
ditions, serious psychophysiologic deviations may occur in periods of less than one hour.
This section discusses the aberrations resulting from exposure to hypodynamic condi-
tions, identifies the environmental events associated with such effects and the sensory
modality most susceptible to them, evaluates the characteristics of individuals most resis-
tant or susceptible. In addition, it investigates methods of identifying and evaluating
such characteristics and analyzes the hypodynamic aspects or possibilities of the space
capsule and a space environment. It cannot be over-emphasized that the area of senso-
ry deprivation must be actively pursued and that this area is worthy of continued, pen-
etrating CYBORG research.

Section IV discusses the operation of the human heart in a space environment.
Complete understanding of the multitude of complex interactions of organs and organ sys-
tems in the human will be a long time in coming. However, careful analysis of several of
the more obvious characteristics of these systems has shown that their properties can, in
many cases, be expressed in mathematical terms. The subsequent ability to duplicate
and simulate any or all of these functions in terms of mathematical analogues will lead
to an improvement in our understanding of the basic mechanisms and controls which
affect the human system operation. By employing hypothetical, mathematical equiva-
lents for computer simulation and high-speed input variation analysis, we can begin to
understand some of the complexities of human organ systems, their interface relation-
ships, and, accordingly, be in a better position to predict function as influenced by new and
changing environments.

Although the CYBORG study (NASw-512) has dealt specifically with hypother-
mia, drugs, artificial organs, and cardiovascular modules, we have expanded this con-
cept to include other fields which cannot justifiably be reported in this document.
However, it is felt that the area of calcium mobilization, a potentially severe limitation
on man’s physiologic adaptability to a space environment, should be investigated in detail.
As was discussed in the interim CYBORG report presented to NASA-OART in January of
this year, the calcium-excretion levels evidenced by the three U.S. orbital man space
flights were significantly elevated to arouse the interest of United Aireraft’s Bio-Science
group into an active pursuit of the reasons for this phenomenon. It has been proposed that
mineral dynamics, along with mathematical and physical models of biological systems
and sensory deprivation, be continued in subsequent phases of the CYBORG program.
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VII. Future Directions of the Cyborg Concept

A. Introduction

The NASw-512 Contract is a biological design study of man, particularly in
alien or extraterrestrial environments. It concerns itself with the systems require-
ments for the optimum life support, man monitoring control, and spacecraft configu-
ration design which will insure his safe and continued contribution to extra-terres-
trial and space explorations. By thorough study of man’s systems and subsystems when
subjected to the simulated and actual conditions of extraterrestrial environments, we
will be able to make significant progress toward the better understanding of man as a

space Voyager.

In long-term space flights, the physiologic well-being of the pilot is of primary
concern to the earth-bound medical monitors. While on such flights, the pilot/astronaut
must be protected not only from all of the known hazards of the space environment, but
must in addition receive protection from those that are suspected to be of a debilitat-
ing nature. By the same token, the conquest of space by man must not be delayed by
hyperprotective measures adopted through an overcautious approach to the unknown
which require elaborate and unnecessarily redundant system designs. Only by a com-
plete understanding of man’s psychophysiological reactions to these hazards can we be
permitted to let such flights take place, and be in a position to predict with any degree
of reliability the probable success of a given flight.

As this report indicates, only selected areas merit detailed experimental efforts
in the Phase II portion of the CYBORG Program. These are mathematical models
(Biocybernetics), Sensory Deprivation, and Mineral Dynamics.

B. Biocybsmetics

The ability to determine the performance of several aspects of the human
organism while it is subjected to the stresses of space flight, without risking an astro-
naut’s life, can be accomplished with a large measure of success by terrestrial simu-
lation. Careful analysis of many aspects of human functions has shown that in many
cases even the seemingly most complex systems can be reduced to mathematical rela-
tionshipse. By computer simulation and mathematical models of these systems we can
develop an actual physical dynamic analog of the system under consideration. By sub-
jecting these analogs to the environmental stresses of a space flight in terrestrial sim-
ulation laboratories we may be better able to gather a thorough understanding of the
system dynamics involved and generate the design requirements for this aspect of
manned space flight.

Phase I of the CYBORG Study has been concerned with the basic problem of
conceptualizing and defining specific system components of man and the functioning
of these components in an extra-terrestrial environment.

As part of CYBORG, considerable effort has been devoted to the synthesis of a
non-linear mathematical model of the human cardiovascular system designed to repro-
duce the salient features of its functioning under several environmental conditions
and, possibly, under certain types of psychological inputs. In the continuation of the
CYBORG concept in Phase II, efforts will continue to be devoted to the development
and exploration of a cardiovascular system model and will be extended to other human
systems and subsystems. It is recognized that the experimental verification of this
analytic model in all detail cannot be undertaken without access to a gravitation-free
environment. It is possible, however, to perform significant experimental work in ani-
mals which have been subjected to surgery in which their carotid sinuses and other
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ENGINEERING MAN FOR SPACE

The major purpose of the proposed study is the identification and evaluation of
the means by which man can be prepared to cope successfully with the many psycho-
logical stresses which may affect him during long-term space missions. The need for this
work arises because man is basically a biological organism designed to operate within
the parameters defined by the earth environment. Despite a remarkable degree of
overdesign, there are many areas in which man’s capabilities fall short of requirements
posed by such missions.

On the basis of the present analysis, time-structuring events such as programs
of moving displays, sound, and recorded material of interest to the crew seems to mer-
it investigation. Other activities such as problem-solving requirements and sequential
tests may be promising. The design requirements of such devices should receive the
highest priority. By presenting to the pilot changing patterns of sensory inputs, we
may be able to control his possible lapse into a state of sensory deprivation and prevent
its attendant incapacitating effects from ever occurring. In addition, it is felt essential
that means be formulated which will have the capacity to monitor the status of the
Central Nervous System. Such a device would be able to determine the level of Central
Nervous System reactivity to a marginal signal input and determine whether quite
unconsciously the pilot is gradually losing control of his conscious mental processes.

D. Mineral Dynomics

On each of the three United States manned orbital flights, collected in- and
post-flight urine specimens showed significantly elevated levels of excreted calcium.
This is a phenomenon which has been frequently observed in the past in cases of hos-
pital patients subjected to extended periods of immobilization, in sensory-deprivation
studies, certain stress situations, and in simulated weightlessness experiments involv-
ing water immersion. It remains to be determined, however, whether this increase
reflects potentially serious drainage of calcium from the skeletal system. In order to
monitor and appraise the significance of alterations in calcium output, it is necessary
that a detection system be devised which will permit the tracing of the mineral through
the several metabolic compartments.

It can be unequivocally stated that no method is known today for determining
calcium movement other than those methods involving some type of tracer. It is to be
emphasized that passive neutron-activation methods are capable only of “static esti-
mates of calcium.” The elucidation of the dynamics of the mineral requires the use of
distinguishable but chemically identical atomic species. Therefore, a suitable system for
the detection of calcium dynamics must involve:

1. The use of a tracer,

2. A suitable sensor, and

3. The application of correct data processing techniques to the information
collected.

In the course of this proposed program, we shall continue the investigation of calcium
dynamics in man and animals from the viewpoint of the changes which occur as a result
of immobilization and/or psychological stress and establish the requirements for a
detection system to determine and display changes and predict trends in the pilot’s
calcium dynamics.

The CYBORG program is expected to be a long-range program of study and
experimental efforts. The experimental phases are intended to develop both mathe-
matical and physical-dynamic models of important human systems. These will include
the cardiovascular, endocrine, gastrointestinal, cutaneous, and pulmonary systems.
The physical models will be verified by actual laboratory experiments and relating
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mathematical formulae will be developed to describe interaction of the systems. These
models will be simulated in the UAC computer facility and dynamically tested, ulti-
mately, in space environmental extremes. Firm design requirements will be estab-
lished for an optimized physiologic monitoring system as well as for the design
requirements for a life-support environmental control system. Such systems will be
integrated to provide a total man-machine complex with man in the control loop as
the forcing function. Space-capsule design requirements will be delineated, as well as
a result of sensory-deprivation experiments and man-augmentation mechanism
design constraints.

These design requirement “groups” will be developed in such a way that a
relatively simple modification scheme will allow the requirements to change and
update the state of the art as time progresses. This will prevent the necessity of hav-
ing to fund an entirely new program every few years to redevelop design requirements
as the changing state of the art makes existing requirements groups obsolescent.

Out of the CYBORG program we will be able to understand considerably more
about man, his systems and his subsystems. Methods for augmenting and extending
his limitations, which will be compatible with the state of the art and the applica-
bility of man in a space mission will be derived from CYBORG in an effort to obtain the
maximum integration of man into a man-machine complex.

Hopefully we will evolve a model of the central nervous system during this
period. This is an ambitious task, but must be earnestly assaulted if such a worthy
undertaking is ever to be completed.

A significant number of experiments will be performed on animals and man
throughout this program to verify the modeling concepts which have evolved from the
CYBORG theory. In this way, CYBORG will accomplish its mission by providing a bet-
ter understanding of the biological design of man and relating the impact of this
understanding to compatible hardware systems.
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INTRODUCTION TO TELEOPERATORS

Early in the nineteenth century, Napoleon sat across a chessboard from a
ferocious-looking automaton swathed in the robes of a Turk. Napoleon moved
his chessmen into battle; the Turk did the same. Then, when Napoleon blun-
dered three times in succession, the audacious machine swept the board clean
with an iron hand.

The chess-playing Turk was constructed by Baron Von Kempelen; it took on
all comers until Edgar Allen Poe deduced that beneath the Turk’s chess table
there was a midget chess expert who manipulated the various controls that
gave “life” to the machine. Those were the innocent times when man believed
that he could build anything—not the least of which was a chess-playing robot.

Now that man must work in outer space, ocean depths, and other hazardous
environments, he is building machines that recall Von Kempelen’s intricate
“automaton.” These machines perform as appendages of man, particularly his
arms, hands, and legs. Radio links, copper wires, and steel cables replace nerve
fibers and muscle tendons. We shall call these man-machine systems “teleop-
erators,” whether they are the tongs used by the old-fashioned grocer to retrieve
a cereal box from the top shelf or the mechanical hand that may repair some
future nuclear-powered space vehicle. The basic concept is portrayed in fig. 1,
where man’s bodily dexterity is shown communicated across a barrier to
mechanical actuators that can operate under loads too great for an unaided
man, or in an environment too hostile or too far away for him to conquer in
person. A teleoperator augments a normal man, or, in the case of prosthetics,
helps a handicapped man become more nearly normal.

NASA is concerned with the development of teleoperators because many
astronautical targets are so far away that they must be explored by proxy. Yet
the amplification and extension of man via the teleoperator concept transcends

DEPFLAYS KFN= HS
COXTROLR TV, AUDITUOMY
MAN il 3 TACTUAL.
WORCE FFED-
BACK
il
— -
TWO-WAY / ACTUATORS:
0 0l WLV NE AT IO . HANDE, ARMS,
AN FEET
CONTROL BARRIER. ACTUATOR
SPACE DMETAMCE. #PACT
TARK
DIFFICULTY

Ficure 1.—Generalized schematic of a teleoperator incorporating dexterous actuators in the actu-
ator space. The “barrier” between the control and operating spaces may result from distancs, & hos-
tile environment, or the sheer physical magnitads (weight, for exampls) of the task to be dons.
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space exploration. A survey of this fascinating technology must also embrace
many advances made in the nuclear industry, in undersea exploration, in medi-
cine, and in the engineering of “man amplifiers.”

A teleoperator is a general purpose, dexterous, cybernetic machine. These
adjectives separate teleoperators from other machines. The adjective “cybernet-
ic” excludes all preprogrammed machinery, such as timer-controlled ovens,
record-changing phonographs, and much of the machinery on automatic pro-
duction lines. A teleoperator, in contrast, always has man in the control loop.
The other adjectives—“dexterous” and “general purpose”—sharpen the focus
further. These semantic sieves trap human-controlled, but undexterous, machines
such as remotely controlled aircraft and telephone switching circuits. The
man-machine systems that fall through our gieves allow man to:

—Pick up and examine samples of the lunar surface while remaining on Earth.
—Repair an underwater oil pipeline from a surface ship.

—Manipulate radioactive nuclear fuel elements in a hot cell.

—Regain dexterity with an artificial limb (the prosthetics concept).

—Lift a ton-sized load (the man-amplifier concept).

The prefix “tele” in teleoperator describes the ability of this class of
man-machine systems to project man’s innate dexterity not only across distance
but through physical barriers as well.

When an area of technology with latent commercial potential approaches

—

ENVIROMMENT-
CONTROL
FIRETETEN

]
|
1

C = COMMANDS
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Ficure 3.—Schematic of a general purpose, dextearoas, cybernetic telsoperator, showing the nine sub-
systems. A man-machine interface may be created in any of the subsystems.
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Fiouws 3—"Elektro" and “Sparko.” c
of Westinghouse Electric Corporation.)

that point where exponential growth appears imminent, engineers invariably
become word testers. Because no unified discipline welds the technical inno-
vators together, synonyms and overlapping words proliferate. The following
glossary should dispel some of the confusion:

—Telepuppet. A word coined in the 1950's by Fred L. Whipple, now
director of the Smithsonian Astrophysical Observatory, to describe his
concept of how sophisticated machines could take the place of man on
spacecraft. The word has not become popular, presumsbly becatuse

“puppet”

—Telechirics. John W. Clark synthesized this word from Greek roots
while st Bettalle Memerial Innnuu in the early 1960's. Literally,
telechirics mea: * It is descriptive, but unfortunate-
Iy excudes walking machines and man amplifiers

—Telefactor. The idea of
sic i this word conceived by William E. Bradley,at the Institute for
Def

diately keull that e implies dmlwor m‘kmgn well s algebra.
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rnetic anthropomorphic mechanism (CAM for short). Ralph S. Mosher,
at General Electric, has often used this term in his papers on walking
‘machines, but it excludes many nonanthropomorphic mechanisms included
in this survey. Mosher now refers to the field as mechanism cybernetics, a
term that omits only the desired attributes of dexterity and versatility.
—Master-slave. Originated by Ray C. Goertz at the Atomic Energy
Commission’s Argonne National Laboratory in the late 1940’s, this term is
generally applied only to the common mechanical and electronic manipula-
tors that have long been used in hot cells.
The terms “manipulator” and “remote control” are also often associated with
the telemechanism field. The firs. term is too narrow a concept, since it excludes
1" is too broad because it includes
everything man doen at a distance, even to changing a TV channel from his arm-
chair.

A compact, accurate synonym for general purpose, dexterous, cybernetic
machines may evolve as the field matures. Meanwhile, “teleoperator” will serve in
this book.

Four of the nine subsystems deal directly with machine augmentation of man.
‘These four are:
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brick wall ks (Courtesy of L. G. Stang, Jr.
Brookhaven National Laboratory)

—The actuator subsystem that carries out the manipulations and other dex-
terous activities ordered by the human operator. The actuators may be stronger,
‘more dexterous, and faster than the operator.

—The sensor subsystem that permits the operator to see, feel, hear, and other-
wise sense what the actuators are doing in the actuator space and what their
environment is.
~=The coirol eubapten, which (nckida ta himen npmm analyzes infor-
‘mation fed back the
operational objectives, The result i asoiesof commands ta he actuator sub-

—The communication subsystem is the information hub of the teleoperator. It
transmits commands and feedback among the various subsystems.

Th ‘the other five subsystems shown in fig. 2 are apparent from
their names.

While the system diagram may seem somewhat involved, it is sufficiently general
to include simple tongs for handling radioactive samples and extremely complex sys-
tems.
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RECENT HISTORY

The chess-playing Turk was preceded by the marvelous automatons of the
Jaquet-Droz father-son team in the late 1700’s. Controlled by grooved, rotating disks,
the Jaquet-Droz automatons could play music and write out compositions: one in
particular, “The Draughtsman,” astounded King George I1l and Queen Charlotte by
sketching them on the spot—or so it seemed. (Such a machine would be called pre-
programmed today) A “Steam Man,” built by a Canadian, Professor George Moore,
in the 1890's, was powered by a half horsepu'vr ighapoed steam engine this prim-

puff
automatons exhibited at the New York World's Fair in 1939, “Elaktm and “Sparko”
(fig. 3), could walk, talk, and distinguish colors. The word “robot” means “worker”
in Czech and gained popularity from Karel Capek’s 1923 play “R-UR.” (for “Rossum’s
Universal Robots”).

Today a robot i lly considered to be an automaton made in th
man. i i pt~
ing and intelligent, not requiring and even disdaining help from humans. n conzrul
to robots, man is al timately in the loop in th discussed in this
book

‘Taking the historical road labeled “teleoperators,” let us pass over the early and
well-documented developments of television, cybernetics a la Norbert Wiener, radio
control, and the supporting technology of prosthetics, and begin with master-slave
‘manipulators built under the impetus of the atomic energy program. These were the
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first really sophisticated machines to project man’s manipulative capability into a haz-
ardous environment.
The chronology runs like this:
—1947. Mechanically and electrically connected unilateral* manipulators were
developed at the Atomic Energy Commission’s Argonne National Laboratory
(ANL)
—1948. Ray Goertz and his coworkers at ANL developed the Model-1 bilater-
al mechanical master-slave manipulator (fig. 4).
—1948. John Payne built a mechanical master-slave manipulator at General
Electric and many AEC installations subsequently acquired a great variety of
mechanical manipulators (fig. 5).
—1948. General Mills produced the Model-A unilateral manipulator in which

Google L



JoRnsEn & conurss

Flouns 8.—As "
plifier” (Courtesy of

‘Cornell Asronautical Laborators)
the arms and hands were driven by switch-controlled motors rather than by
direct mechanical or electrical linkage to the operator (as in the true mas-
ter-slave). The Model-A became a “workhorse” of the nuclear industry in
tasks requiring more strength and working volume than possible with mas-
ter-slaves.

—1950. ANL experimented with master-slaves coupled with stereo TV.
—1954. Development of the Argonne Model-8 mechanical master-slave
0/
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TELEGPERATORS AND HUMAN AUGMENTATION

manipulator was completed. This manipulator is still predominant in the atom-
ic energy industry and is manufactured commercially.

—1954. Ray Goertz built an electric master-slave manipulator incorporating
servos and force reflection (sense of touch or “feel”) (fig. 6). The master-slave
position control of the manipulator arms and hands plus force reflection made
this the first bilateral electric manipulator.

—1954. The General Purpose Robot (GPR) was built at the AEC’s Savannah
River Plant. This was the first general-purpose manipulator-equipped vehicle.
—1957. Professor Joseph E. Shigley, at the University of Michigan, built a prim-
itive walking machine for the U.S. Army. Although many walking machines
were built earlier, Shigley's inaugurated the present-day Army program in “off-
road” locomotion.

—1958. First mobile manipulator with TV was built at ANL. This teleoperator
was called a “slave robot.”

—1958. Ralph S. Mosher and coworkers at General Electric built the
Handyman electrohydraulic manipulator incorporating force feedback, artic-
ulated fingers, and an exoskeletal control harness. This equipment was built for
the joint AEC-USAF Aircraft Nuclear Propulsion Program.

—1958. William E. Bradley, Steve Moulton, and associates at Philco
Corporation developed a head-mounted miniature TV set that enabled an oper-
ator to project himself visually into the operating space.

—1961. The first manipulator was fitted to a manned deep-sea submersible
when a General Mills Model 150 manipulator was installed on the Trieste.
—1963. The U. S. Navy began deep-submergence projects, including the devel-
opment of underwater manipulators.

—1963. R. A. Morrison and associates at Space-General Corporation con-
structed a lunar walking vehicle (fig. 7). This machine was later converted into
a “walking wheelchair” for handicapped children.

—1964. Neil J. Mizen and coworkers at Cornell Aeronautical Laboratory report-
ed on the construction of a “wearable exoskeletal structure.” The Cornell
exoskeleton was not pwered (fig. 8).

—1965. Ray Goertz and his associates at ANL combined the ANL Model E4
electrical master-slave manipulator with a head-controlled TV camera and
receiver.

—1966. ANL combined the Model E3 electric master-slave with the Mark TV2,
head-controlled TV, which added translational motion to the viewing system.
—1966. Case Institute of Technology, working under a NASA grant, demon-
strated a computer-controlled manipulator that can perform preprogrammed
subroutines specified by the operator.

This chronology gives little hint of the imminent and intimate man-machine part-
nership that many believe essential to the large-scale exploitation of space and the
oceans. Many of the most important developments listed were made under the aegis of
the Atomic Energy Commission. Further developments are likely from many sources.

Notes

1 "Unilateral™ means that there is no kinesthetic or force feedback as there is in & “bilateral” system. See pages 86 & 87 for
definitions of the various kinds of telecperators.

This excerpt ia from the report by Edwin G. Johnsen and William B Corliss, Washington, D.C.: 1987,
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_An Interview with Patricia
Cowings

Ron Eglash

The following is an edited interview with Potricio Cowings, director of
the Ames-NASA Psychophysiology Laboratory, on September 10, 1993,

Ron Eglash: How about intreducing yourseif.
Patricia Cowings: Well, I'm the director of the psychophysiology lab; we study the relation
between brain and behavior, Qur lab has been working on developing methods for getting people
to adapt more quickly to micro-gravity, and to re-adapt to earth.

RE: And it's specifically motion—sickness that you're concerned with...
PC: Motion-sickness is the first indication your body gives you that something’s wrong here,
Because we didn't evolve in a micro-gravity environment, an awful lot of things go to heck in a
handcart in short order. Space motion-sickness is the first overt sign of maladaptation to that
environment.

RE: And your approach to a solution?
PC: As psychophysiologists, we have to monitor physiology and behavior of the subject in a specif-
ic environment that causes him or her to stress. 5o first thing we do when we bring people here is
we make them sick, using a variety of insidious devices made by NASA specifically for that pur-
pose. We do that because motion-sickness per se is a completely artificial disease. The subject is
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The Autogenic-Feedbock System-2 [AFS-2). An ombulotory monitoring system as worn by crewmembers.

perfectly well when he comes in the door, usually better than average health. We systematically
make them sick so we can see how their body responds to the onset of the stimulus, and how their
response levels change as you increase stimulus intensity (| hope | don't sound sadistic). When they
say, “Turn this thing off or I'm going to throw up,” you turn it off and see how rapidly they return
to their own baselines. No two people respond in exactly the same way. A single person will always
respond this way. He produces a kind of physiological fingerprint. | can go through a few hundred
records and identify John Doe, because that's how he responds—in the motion-sickness environ-
ment, or darned near any environment that causes him emotional distress.

RE: And these are autonomic nervous system parameters you record?
PC: Yes, we call the data—a picture of the person if you will-an "autonomic stress profile.” You
may see people making larger-magnitude changes in the cardiac system than in the gastroin-
testinal system for example; it's a hierarchy of response magnitudes and latencies

RE: Could you describe the apparatus that's hooked up to thess pesople?
PC: In our research we developed for space, we devised a physiological monitoring system called
AS2; we told the crew it's the latest thing in astronaut underwear, Its a wide stretch garment that
has holes where ECG electrodes are placed. All electrodes and transducers are tied to a single
umbilicus cable and are tied down to the garment with velcro, including measures of ECG, respi-
ration, skin conductance, and peripheral blood flow, as well as three axes of head acceleration.
We designed this to be very comfortable; around the waist there are 3 x 1 inch squares that have

{94

Google



EGLASH

analog electronics, digital electronics, and a battery pack—sort of like Batman's utility belt-and a
nine-track tape recorder that's good for 24 hours. Its an intelligent system: on the wrist is a very
small computer display that continuously shows the subject their own heart rate, respiration,
blood flow, skin conductance, and tells them if the machine is malfunctioning, like if an electrode
fell off. Plus it tells time.

RE: So they can use this as biofeedback?
PC: Well, that's an instrumient used in space. In the laboratory we teach our
subjects to control up to 20 different physiological responses
simultaneously. They sit in front of a wide-screen oscilliscope that can display four ana-
log signals at a time, like the raw respiratory waveform for example. Mounted above are 12 digi-
tal meters that show the information in numeric form. In addition to giving them both digital
and analog visual displays, we have two auditory tones. We spend quite a bit of our time just
teaching subjects how to utilize this much information without having sensory overload. And
part of my job is to see which kinds of parameters John Doe responds to better. 5ome people look
at a visual display and all of their attention leaks right out of their heads. Some people want you
to talk to them continuously; some want you to shut up. Part of what | do is very much like being
a conductor in a band. | see all the feedback all the time. And | direct the subject's attention by
turning the display on and off. S0 in the first two hours we gradually introduce more and more
feedback displays in different combinations to see how this person responds. Part of the training
i5 in teaching them to cross-reference these signals to get a feel for how they're doing. For exam-
ple, you can see breaths per minute by looking at the meter, but you can also see volume by look-
ing at the analog signal.

RE: Thers was a 1989 National Ressarch Council Report that was very critical of

biofesdback, but they singled out your studies as an sxception, a case of

clearty successful use.
PC: Well, | noticed that too. But you know, nobody else in the world noticed it!

RE: Sc why are you singled out as the successful biofesdbacker?
PC: Unlike people in academia, or even in the clinical world, I've been working for the last 21
years on one problem—and |'ve been required to demonstrate an objective basis for what I'm say-
ing (laughter). Seriously, I've performed large-scale formal experiments over and over again...

RE: 5o basically were talking about a lot of sweat here.
PC: Yeah, a lot of work; we also have a somewhat unique methodology. Neal Miller, my co-inves-
tigator, has often said that there are as many different methods for doing biofeedback as there
are clinicians. We've tried to find the right combination of methods, and see if we could refine it
and standardize it. NASA only gave us 5 hours to train each astronaut. I've told my methods to
clinicians and they say "What, am | in a hurry?™ We had to demonstrate that we could make it
work in a large population, under a variety of stimulus conditions. I'm glad you mentioned that;
other people have said “Oh, but the NIH said that biofeedback is bunk,” and | have to show them
that one page that said "But Pat's OK”

RE: Could you say something about that Washington Post article—you talked

about a contrast between conventional medicine and behavioral medicine.
PC: Contrast or contest? You mean within the agency?

RE: Well, | was trying not to make It sound like a leading question, but.... Let's

start outside the agency.
PC: | don't know about the rest of the world—I've lived with this agency since | was a baby, you
know what | mean? | came here full-time when | was 23, and | worked as a grad student before
that. Within NASA, when | first came on board, it was in the fat days They had known for twenty
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years that they had a big problem with space motion-sickness, and nothing worked. 5o they said
"let’s try anything—acupuncture, whatever.” So that's how | got my foot in the door.

RE: And were you the one who suggested biofesdback?
PC: Yes. In my first year in grad school | had a course in the applied school of engineering. The
class was to design some feature into a space shuttle from the point of view of the future user.
The course was inundated with engineers designing zero-gravity tables and such. I told the
instructor that he had to let me in the class, because there were
no women, and so who was going to design the curtains? And he had
no life-sciences people in the class, and as far as | knew astronauts were alive (although I've since
worked with quite a few of them and now | wonder about that). | spent a year researching the
literature to see the current biomedical problems, and motion-sickness was at the tippy-top. And
my doctoral thesis work was on combining autogenic therapy with biofeedback to get more
effective control of cardiovascular responses. 5o | wrote a paper for him on possible applications
of "visceral learning” [that’s what we called it in those days) to problems in manned space flight
He turned out to be the director of Ames Research Center. And every time we did a study, the
critics would say “Yes, but you didn't show men and women,” so we would test that, and they
would say, "Yes but you didn't control for age,” so we would test that, and so on. By the time the
NIH study came out we had done everything on the face of the planet

RE: | read that previous studies had shown women being more susceptible to

motion-sickness, but that your results were pretty much squal betwesn men

and women.
PC: (loughing] Yeah, it's funny. Every reference says, “We all know women are more susceptible to
motion-sickness than men.” Finally you go back, and the urigina'l source is only two papers: one
from a shipboard physician in the 1800s (and women used to faint a lot in the 18005 | think it
was those corsets); the other study was by the Navy. They ran 15 women and 15 men, and the
women were more susceptible than the men. But the men were all active-duty military, in excel-
lent physical condition, and the women were all secretaries and housewives They did no match-
ing for physical fitness

RE: Didn't that study claim there was no puise change during motion sickness?
PC: Yes, that study was absolutely astonishing. When | went to Russia they were all having a big
laugh over it. Because you'll get a pulse change, y'know, just from a telephone conversation
(loughter). So we assumed the methods were flawed.

RE: Seems like a reasonable assumption. Now let's go back to that conventional

versus behavioral-medicine contrast. That's just about pharmaceuticals ver-

sus the biofesdback?
PC: No it isn't—unfortunately its much more than that. I'm not a Christian Scientist: | don't think
there's anything wrong with conventional medicine. And | certainly don't think there's anything
wrong with pharmaceuticals They were ineffective in space because we don't metabolize things
in space the way we do on earth. The positive fluid shift and diarrhesis causes electrolyte imbal-
ance, 50 one can't predict how it will be metabolized from one day to the next. The current
motion-sickness drug is really nothing more than an anti-histamine, and the dose that they give
you is enough to put an elephant to sleep. It helps if you're suffering from intractable vomiting,
but all it does is put you out. That's an operational fix; its not solving the problem of adapting to
that environment, nor examining why one person adapts and the other doesn't,

RE: Yes, the idea of individual responses, each of us with our own stress profile,

seems like a completely different picture of human physiclogy than we get

from, say, a commercial pharmacsutical that is supposed to help some sort of
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“average” response.
PC: It is the reason why conventional medicine, even vestibular physiologists, were unable to see
the effects of motion-sickness on the autonomic nervous system. Ken Money did a study, 1970, |
think, where some people’s heart rate went up, some went down, one person didn't respond the
same from one test to another. That's because they didn't see that the individual was consistent
within him or her self. Yes, maybe one test takes 15 minutes to make you sick, and the other test
takes 95 minutes to make you sick, but if you look at the physiology at the point where they have
become sick it's the same.

RE: Would it be possible to have the pharmaceutical industry use something like

this? Have drugs that are specific to particular categories of stress profiles?
PC: Up to a point. Pharmaceutical companies can't make money if they're trying to tailor an
aspirin to each individual. And perhaps a physician could combine drugs in a more efficient way
for the crew members. But, say, a scopolamine and dexedrine combination won't affect you the
same on one day and another, depending on whether or not you've exercised that day, or depend-
ing or whether or not you're depressed that day. Drugs by their nature have a systemic effect on
an individual. But you could use it to say, "This category of drug is no good for this individual "

RE: 50 the conventional/behavioral medicine contrast is more a question of

group versus individual?
PC: I'll tell you for your tape recorder. The problem is much more fundamental than that. They
went to medical school, and we did not. And we have the cheek—the temerity!—to try and solve a
biomedical problem. And I'm sure you'll see this across the board in other clinical applications in
biofeedback. But within this agency, where we have a bunch of aeronautical engineers and hard-
headed rocket jockies, biofeedback seems like California tofu. The first time | met with a shuttle
commander, he said (imitating o Texas drawl) *So whaddya all do, sit in the corner in a lotus posi-
tion and chant? So with the astronauts we present it as an exercise regimen, "You're learning to
control other muscles.” And because they can see them going up and down they say “0Oh yeah,
that's muscles.”

RE: it seems like the causal chain of the pharmaceutical is very Newtonian. You

have this chemical and then a reaction to it. Whereas with biofesdback its

more complex.
PC: Well, there's ways of looking at a problem. In this country, if you have a problem you have a
headache you take an aspirin. And if there is a pill for your problem, then by all means go find it.
But what we are dealing with is a body cast in an alien environment. Rapidly de-adapting to
earth and re-adapting to space has somewhat traumatic effects on organ systems.

RE: Let me try a philesophic question. We are often told that it's symbolic sys-

tems like speech and writing that are the only significant conveyors of knowl-

sdge. That view leaves our bodies as inert blobs of mechanics or chemistry.

Does the body get to have the status of an information-processing system in

your work?
PC: | don't know what you're talking about. Look, all of your organs are attached to your nervous
system; your spinal cord, etc. is attached to your cerebrum. Nobody knows where volition is in the
brain. The only way | have of communicating with these people is verbally. | can't talk to monkeys
or to my dog. This is considered a reliable...

RE: Whoa, wait—I| wasn't trying to imply some kind of mystical interpretation. |

just wanted to know if you're storing all this information on a computer: what's

the baud rate of thess autonomic parameters?
PC: You have to think of it a little differently. What I'm storing is evidence of something that has
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already happened. That's what people see as the subjective evidence of the effect. But what is the
effect? You have to think of the brain as wetware. | have trained over three
hundred people, and have never come across anyone that couldn't control their responses up to
some point. Neal Miller said he has never come across an animal that couldn’t control their
responses up to some point. The difference between working with rats, even dogs or monkeys, is
that when you work with people they are very, very complicated animals, and they can all arrive
at the same place by completely different paths. So I think of the subject as a
black box, as a sensory organism, a data-processing organism. |
modify the information that goes in through his senses, and look at the output. | have no idea
how he's getting that, but until | get the output | want | keep modifying the input. And it works.

RE: Why is it we can’t just take our own pulse, or breathing rate? Why do we

need a machine to monitor our bodies for biofesdback?
PC: It's just a function of paying attention. Most people aren't aware of bodily sensations that
reflect autonomic changes | can teach you to control the blood flow to the little finger of your
left hand, only. Can you sense changes in the blood flow to the little finger of your left hand?

RE: Well, no, not uniess | had a nice machine hooked up to It
PC: Well if you have a nice machine hooked up to it you could detect shifts of tenths or hun-
dredths of a degree. Then you could learn to focus your attention tightly enough. "What am |
feeling here that reflects blood flow to the periphery?® And yes, some people can hear their own
heartbeat, faintly, but if you're trying to teach a person to control a pattern of physiological
responses, you have to provide them with information on twenty things simultaneously. It's very
difficult for him to feel without first being instructed on how to feel it. Part of our training was
to sort out how to provide this much information in a useful manner.

RE: So it's not just a human-machine interface; it's a machine-mediated cou-

pling between the autonomic nervous system and the central nervous system.
PC: Yes, you could think about it that way—it serves as a prosthetic for the nervous system.

RE: Before we end, I'd like to know a bit more about your own history and back-

ground.
PC: Well, I'm a Black woman, I'm married, and I'm short—five-foot-two—and I'm not telling my
weight. | have a six-year-old son, a brother who's a two-star general, another who's a jazz musi-
cian, and the third is a disk jockey—yeah, he's having a lot of fun with that...

RE: How about your sarly influsnces, growing up?
PC: | grew up in the South Bronx. My mother was a teacher’s aide, my father was a grocery store
owner. | was the only girl in a family with three brothers. | noticed that men got to do everything:
firemen, policemen. | also noticed that white people got to do everything. None of my teachers
were Black: none of the policemen were. So | figured there really wasn't much that | could be.
One day 1958 | think, | was about 9 years old, | went to my dad, and | said, "I'm never going to be
able to have a job." He said *No, what you are is a human being, and the human being is the best
damned animal on the whole damned planet. A human being is just a little animal. It doesn't
have much fur, it doesn’t have claws, and it doesn't have teeth. But what he has that sets him
apart from the other animals is a whole huge brain up on the end of his neck; it's like an infor-
mation factory. One day someone looked at a bird and said, ‘| wish | could fiy Now humans can
fly higher and faster than any bird. Because a human being can learn, it can learn to do anything,
and you can do anything other human beings can do.” It's the same story | tell my six-year-old.
And | literally started studying human potential at that point. | guess that might have sparked my
interest in science fiction to some extent.

RE: You must have been a major Star Trek fan.
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PC: Sure, but the first for me was Robert Heinlein. Also Le Guin, Asimov, and Andre Norton. That
was why | took a class on engineering space environments, even though | was a psychology
major. And from there to NASA and I've loved it ever since. | even met my husband here. He's one
of the rare people who can’t get motion sickness. It turns out he has no osteolyths, a dysfunc-
tional inner ear, and ... you can guess the rest. | was also the first woman to take the space train-
ing test. And | helped with the training for Mae Jemison. | really felt when | came to work for
NASA that what we were doing was some of the most important work that a human being could
do. We're the first animal to evolve enough to actually leave the planet of our origin.
RE: How have you negotiated the “minorities in science”™ stuff?
PC: Oh, seems like every official who comes by wants to drag me out for a dog and pony show.
“Look, minorities in science. See? There goes one now.” And I'm HIWBJFS being invit-
ed somewhere to make another unpaid speech.
RE: What do you think about using science fiction to help students get interest-
ed in science?
PC: Oh, that's great. I've been writing science fiction myself for about 100 years. They've turned
down my stories 5o many times | get rejection letters on a first-name basis.
RE: In folklore studies we find that there are lots of American stories that turn
out to have origins in West Africa. Do you think your father's story could have
had an African origin?
PC: | honestly don't think so. My father ran a grocery store, but his father was a lawyer. And his
father was a slave. They came to those kinds of conclusions from the society they were raised in. |
don't think so; there's never been any such mention.
RE: Let me ask another question in that some area. Your brother is a jazz musi-
cian. Now jazz is something new, it was invented here in America. But it also
has some African roots to it. its not a symbolic code, like story-telling, but
there is information there in the waveform.
PC: Oh, well, | know all about waveforms! But | think it would be a real stretch to say that read-
ing sheet music is like reading a polygraph printout.
RE: Well, you lock at sheet music and you can see a waveform of pitch over
time.
PC: | can see patterns in the polygraph, but then, | was trained to look for them. Sure, we're
always looking for patterns in our data. But an analogy between that and music—| think that's a
real reach. | don't know=none of my brothers and | have anything in common with each other.
It's actually kind of amazing that we all sprang from the same parents. We're all different colors
too, but that's beside the point.
RE: One last question. You said that you write your own science fiction stories.
Are any of them in the cyborg theme? Blurring the boundary between the nat-
ural and the artificial?
PC: Yeah, in fact, just about everything I've written does that.
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2.4

PILOT’S ASSOCIATE

Combat pilots make split-second, life-or-death decisions based on rapidly
changing and often incomplete and conflicting information. Fighter pilots
engaged in combat must integrate information from many sources, make
instantaneous decisions, and aggressively seek mission accomplishment in a
hostile environment. The Pilot's Associate will relieve the pilot of numerous
lower-level functions and present to him, for ultimate decision, the best cours-
es of action. The Pilot's Associate will integrate four expert systems dealing
with system status, mission planning, situation assessment, and tactics plan-
ning through an expert pilot-vehicle interface. The program will stress machine
intelligence, advanced computing, and pilot-vehicle interfaces as a means of
focusing the research on critical mission demands. This innovative application
of advanced computer technology will greatly enhance pilot capability and sur-
vivability in a most stressing environment.

The systems that comprise the Pilot’s Associate are not intended to replace
the pilot or to act as computerized crew members. Rather, the goal is to assist
the fighter pilot with managing information, making decisions, and performing
a wide range of tasks in order to optimize his flying and fighting skills. Instead
of saturating the pilot with large quantities of data, the Pilot’s Associate will
integrate and prioritize information based on the situation at hand. Significant
information will be presented to the pilot in an orderly manner, allowing him
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Mock-up of Cockpit with Pilot's Associate

to assess the situation with regard to mission requirements and to his own tac-
teal prelerence, The pllt will e athar acup the Plo's Asocite’s rec
werride it, or request more information.

Tha Pllot s Associate program will exploit progress in AT and related com-
put and speech input and
Gutput systems will receive primary attention for thi progeam. The Pilots
Associate will produce a set of four cooperating expert systems operating at
very high spoods. The computing requirements are expected to be mst by new
parallel processor dvanced y
cessing. The resulting system will be a hybrid nfeompuung concepts,including
symbolic processing within expert systems, numeric processing of sensor data
and control systems, and predictive processing for trajectory planning.
Intent-driven interfaces with pilots will utilize techniques such as speech, nat-
ural language, and speialize sound and graphis. Additonalsytern dmlop-

tems and from projected size, welght e power requirements for ﬂlght
systems.

In g with the goals of ymputing Program,
Pilot’s Associate is structured to provide a high potential for technology trans-
fer to future aircraft systems. A program office has been established at the Air
Force Wright Aeronautical Laboratories to provide an association with related
work at the various laboratories, and visibility to the system acqui com-
munity. In additon, the schedule is punctusted with several demonstrations
‘which will serve as that will to
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both DARPA and the Air Force.

Planning for the Pilot’s Associate program and definition of the initial system
has been underway since late 1984, A study, conducted by Perceptronics, Inc.
provided task requirements analyses, advanced machine-intelligence technolo-
gy assessments, task and technology matching, and the distillation of these
assessments into a functional design. In a second effort, requirements for pro-
gram demonstrations, as well as performance metrics, were developed in a study
by the C. S. Draper Laboratory, Inc. Acceptable levels of system evaluability, com-
pleteness, and clarity were defined for the Pilot’s Associate’s system construct.
Initial concepts for evaluating the Pilot’s Associate’s performance and for the
verification of knowledge bases were also provided. A final study, conducted by
Titan Industries, Inc., addressed the information required by pilots for various
mission segments, and the relative importance of information-presentation time,
format, media, and content. Also, this study produced a systematic method for
generating information requirements for a variety of mission segments and com-
bat scenarios.

In 1985, a set of four demonstrations are conducted for the purpose of indi-
cating the feasibility of applying artificial intelligence capabilities to assist com-
bat pilots. This series of demonstrations produced prototype expert systems
addressing portions of the Pilot’s Associate subsystem functions. Four contrac-
tor participants applied these prototypes to assist pilots who flew short mission
segments in flight simulators.

The demonstration conducted by Boeing Military Aireraft Company, with
Advanced Decision Systems, Inc., addressed tactics and mission replanning for an
air-to-ground engagement, where the force was attacked by interceptors. The
General Dynamics Corporation in conjunction with Bolt, Beranek, and Newman,
Inc., demonstrated the use of sensors and the tactical prioritization of aerial tar-
gets in a beyond-visual-range engagement, including pop-up threats. The
Northrop Corporation demonstration provided critical tactical trajectory plan-
ning for evading surface-to-air missiles, including multiple launches. Finally, the
Systran Corporation demonstration produced proper reactions to in-flight emer-
gencies to assist the pilot with multiple failures of aircraft systems. In total, these
demonstrations provided important insights into the challenges of developing
the entire Pilot's Associate system.

Specifications for the first major developmental phase were provided to indus-
try in early 1985, and a competitive procurement was held to select two devel-
opment contractors. A major selection philosophy was to chose two differing
approaches to capitalize on the technology “pull” while also minimizing uncer-
tainty. The two contractor teams selected were: (1) Lockheed Georgia Company
with subcontracts to General Electric Company, Goodyear Aerospace Corporation,
Teknowledge Federal Systems, Search Technology, Defense Systems Corporation,
and Carnegie-Mellon University; and (2) McDonnell Aircraft Company with sub-
contract to Texas Instruments. In addition to providing parallel technical
approaches, these teams are cost-sharing in the project to leverage DARPA's
investment.

(From the Strategic Computing Second Annual Report. DARPA. February
1986.)
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Science Fiction Becomes
Militaryefpact

McDo ngllll/DugElas hires workers for
R&D fantasy (With a nod to Harper s Magazin

Chris Hables Gray

McDonnell Aircraft owes its commanding position to the largesse of the
Pentagon which has made its parent company, McDonnell/Douglas, one
the top recipients of Department of Defense contracts in the second half
of the twentieth century. They were awarded a cool $7.7 billion in 1987,
for example. In 1986 McDonnellfAircraft and Texas Instruments were giv-
en $4.2 million for phase | work on the Pilot's Associate. Another $6.7
million went to a team headed by Lockheed Georgia and including
Lockheed-California, General Electric, Teknowledge Federal Systems,
Goodyear Aerospace Corp., Search Technology, Inc., Defense Systems
Corp., and Carnegie-Mellon University.

The Pilot's Associate is actually five different expert computer systems networked
together: situation assessment, mission planning, system status, tactics, and the
pilot/vehicle interface. These expert systems will evaluate the input from external
sensors as well as monitor and diagnose all of the aircraft’'s on-board subsystems,
including the pilot. The Pilot's Associate will not only try to predict what the pilot
will ask it to do, it will also initiate actions of its own when it deems it necessary,
including firing weapons and even taking over the aircraft from the pilot.

Neural Networks is a promising computer field that simulates
organic mental processes on a crude level that allows machines to
develop some learning and recognition abilities not possible with
traditional programming. While decades away from any practical
application it is a fertile new concept for those seeking military
funding just as the failures of older artificial intelligence tech-
niques have become too obvious for even the Pentagon dreamers
to ignore.

No doubt. McDonnellfDouglas has a great fondness for job applicants with
“familiarity with the DOD" as can be seen by its hiring of Melvyn R. Paisley
as a consultant right after he retired as Assistant Secretary of the Navy for
Research, Engineering, and Systems. The FBI has accused Mr. Paisley of the
“illegal disclosure of information and exertion of influence,” including
revealing classified data to McDonnell/Douglas management. Most of the
information the FBI says Mr. Paisley sold was about "high performance
fighter-aircraft” standards and bids, which indicates one method used by
McDonnell/Douglas to become the "world’s leading designer and producer”
of this deadly product. According to the FBI he also passed on information
on the Advanced Tactical Aircraft Program, of which the Pilot's Associate
is a part. Other examples of the importance McDonnell/Douglas gives to
hiring candidates who have a “familiarity with the DOD" can be seen in
the appointment of former Secretary of the Air Force Edward Aldridge, Jr.
as the president of McDonnell/Douglas Electronic Systems in 1987,
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Biocybernetics is one name for research aimed at developing better communications, even
integration, between computers and humans. It includes various forms of pilot-state monitor-
ing, such as systems reading human brain waves, following eye movements, and testing the
conductivity of sweaty palms, all in order to gauge his or her mental states. The computer
network will theoretically know how to improve communication between the pilot and the
pilot's associate, when to take specific actions on its own, and when to assume control of the
aircraft from the human pilot. Brain-wave research that dates back at least to the early 1970s
has advanced to the point where scientists at lohns Hopkins have managed to sort out enough
brain waves to predict when a monkey will move its arms by reading its electrical mental pat-
terns before it acts. The next step is to play back these readings to the monkey so it will raise
its arm at the command of the programming. Such techniques should work on humans as well,
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thus insuring fast and resistance-free responses even to the most unpleasant orders.

The arrows here represent a number of different communications links
including the computer talking and listening to the pilot, the pilot’s
aiming weapons with his or her eyes and flying/fighting the plane with
verbal commands, and a number of hardware connections for monitor-
ing the pilot's brain waves and galvanic skin responses. Eventually the
military hopes for an even more intimate integration of the human with
the machine if current research on implanting silicon chips in dogs’
brains (to give them an extra sensing organ) and growing neurons into
silicon chips (to improve communication between humans and machines
by allowing the chips to be activated by hormones and neural electrical
stimulation as well as to send hormonal and electrical signals directly to
the human body and brain) pans out.

The "big picture”® is actually the information that is filtered
through the various computer programs and sensors of the air-
craft. The real "big picture” is the military’s dream that turning
pilots into cyborgs will lead to military superiority and keep the
tradition of humans (or almost humans) as pilots alive. A key
resource in this fantasy are science-fiction writers who have often
prefigured projects such as the Pilot's Associate in their stories.
The Air Force has formalized this relationship and now pays sci-
ence-fiction writers to meet with Air Force officers to help set
research and development priorities.

McDonnell's 5t. Louis headquarters were raided by FBI agents on June
15, 1988 looking for documents Melvyn R. Paisley passed on to his
employers. Before his six-year stint in the Pentagon Paisley worked for
Boeing for 23 years. He was hired as an Assistant Secretary of the Navy
by his friend and patron, former Secretary of the Navy John Lehman,
who also used to work for Boeing. As one official describes the
Paisley-McDonnell Douglas relationship, it was a classic revolving-door
syndrome: quys in the Pentagon and guys who have left the Pentagon

scratching each other's backs.
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Short Circuit

Seisn t}'V.'nching Television with a Nuclear-\Weapons
ientist

Hugh Gusterson

introduction
Cyborgs, Weapons Scientists, and Anthropologists
As an anthropologist | spend more time watching people than watching television.
When | was doing my fieldwork, however, | sometimes combined the two pursuits,
watching some quite lowbrow popular films on television with one of my “infor-
mants,” Ray? who loved nothing more than to spread out on the couch with the
remote control and a pizza, chatting intermittently with me as we watched a film
o surfedbetween channes. was 2 former am--num: Selbh o tumed
ratory
where Ray wmked asan engineer. After he criended e o s mm ol et
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I ended up spending a fair amount of time with him and his television.

At first | was annoyed by Ray's fondness for television. | shared the perception,
common among academics and humanists, that watching television is often a
waste of precious time and an evasion of real human communication. | was trying
to understand Ray's cultural world, and | saw the television, which Ray rarely
turned off when | came to visit, as an electronic barrier against my attempts to
understand him—a Maginot Line in his living room for me to transgress.

In fact, however, it was by watching television with Ray
that I came to some of my subtler and most counterintu-
itive insights into his world. | eventually realized that television, espe-
cially science-fiction fantasies on television, offered all kinds of commentaries, both
oblique and direct, on Ray's world—a social world in which, as in much science fic-
tion, the star character was often either technology itself or the sort of cyborg char-
acters that achieved mass marketability in the decade of The Terminator,
Bloderunner, and Robocop. In this context watching television with Ray was, far
from being an impediment to our relationship, a low-key but effective way of get-
ting to know him, since the playful flow of images, stories, and fantasies on televi-
sion catalyzed casual but revealing conversations about problematic issues in his life
that could be discussed more freely in relation to the dreamworld of television than
in the context of a formal ethnographic interview where, relentlessly searching for
structure and consistency, | might make over-zealous and reductionist attempts to
pin down the underlying logic of Ray's life. That life, like most human lives and
despite my academic attempts to make it otherwise, was obstinately complex and
contradictory. The informal conversations and confidences evoked by the fantasy
world of television helped me to see that complexity in a way that no formal inter-
view could have, making me realize that the contradictions and inconsistencies in
Ray's discourse were not "noise” that | had to filter out in distilling the essence of
his world but were, in fact, an integral part of that essence.

In this article | want to briefly describe Ray's world, and then explain how watching
television with him helped illuminate that world. My account will focus principally
on one film we watched together, Short Circuit. Although the film at the time
seemed a little silly to me, and although my conversation about the film with Ray
was comparatively brief, that conversation was like an intellectual electric shock for
me—a vital moment of recognition in my {ieldwork that dis-
rupted many of my presu itions about both nuclear-
weapons scientists and a Hollywood film that had seemed
so transparently simple before we got to discussing it. Ever
since that conversation both nuclear-weapons scientists and the cultural products
of Hollywood have seemed more interesting and more complex to me.

The star character, and in many ways the most interesting character, of the film
Short Circuit is a cyborg: the robot called "Number Five™ which (who?) acquires
human consciousness and becomes a pacifist. The machine that transcends its
programming and becomes autonomous is a common figure in contemporary sci-
ence fiction, though it usually appears as a frightening, dangerous figure like the
computer Hal that turns on the spaceship crew in 2001, the replicants that men-
ace humanity in BlodeRunner, and the artificial intelligence Wintermute which
ruthlessly manipulates and kills in order to secure its autonomy in William
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Gibson's cyberpunk novel Neuromancer. These are all retellings of a story first told
by Mary Shelley in her book Fronkenstein and, as Langdon Winner (1977) has
observed, this recurring story is about our profound anxiety that we have lost
control of, and may even be destroyed by, the technology we have created in the
modern age. The film Short Circuit retells this cyborg story yet again, but this time
as comedy rather than as tragedy.

We are clearly quite fascinated by cyborgs at this moment in our history. Donna
Haraway, who put cyborgs on the map of cultural criticism, defines a cyborg as "a
hybrid of machine and organism, a creature of social reality as well as a creature of
fiction® and “a kind of disassembled and reassembled, postmodern collective and
personal self* (Haraway 1990:191, 205). Calling cyborgs "the illegitimate offspring
of militarism and patriarchal capitalism, not to mention state socialism® (p.193),
Haraway declares that:

By the late twentieth century, our time, o mythic time, we are all chimeras,
theorized ond fabricated hybrids of machine ond organism; in short, we are
cyborgs. The cyborg is our ontology; it gives us our politics.

(Haroway 1990:191).

One of the key characteristics of the cyborg for Haraway is its fundamental ambi-
guity. The cyborg has a dark side, but it also has utopian possibilities:

From one perspective, a cyborg world is obout the final imposition of o grid of

control on the planet, about the final abstroction embodied in o S5tor Wars

apocalypse waged in the name of defense, about the final oppropriation of

women's bodies in @ masculinist orgy of wor, From another perspective, o

cyborg world might be about lived social and bodily realities in which people

ore not afroid of their joint kinship with animals and mochines, not ofroid of

permanently partial identities and contradictory standpoints.

(Horoway 1990:196).

My conversations with Ray emphasized that the cyborg is indeed an ambiguous
figure, more ambiguous than I had realized. In this article | want to
show how that ambiguity became manifest in our conversations, and how the
ambiguous, shape-shifting figure of the cyborg helped me see more clearly the
ambivalence and complexity at the heart of Ray's world-view. My approach here is
strongly, if obliguely, influenced by Janice Radway's (1991) beautiful study of a
group of suburban American women devoted to reading romance novels. Adopting
Stanley Fish's (1980) notion of “interpretive communities,” Radway argues that the
same text may mean quite different things to different readers bringing different
identities and social locations to the act of reading. She quotes Dorothy Hobson's
(1982:17) argument that a text "comes alive and communicates when the viewers
add their own interpretation and understanding” and that "there can be as many
interpretations of a programme as the individual readers bring to it" (quoted in
Radway 1001:9). Radway argues that we cannot understand the meaning of a text
simply by analyzing its plot by ourselves. Instead she calls for ethnographies of
reading—sociological studies of the multiple ways particular individuals and com-
munities read particular texts.” In this article, which is focused on television rather
than print, | show how the film Short Circuit, and in particular the cyborg character
at the heart of it, signified quite different things to Ray and me
because we viewed the {ilm from different social and polit-
ical standpoints, and | show how the cinematic cyborg can function as a
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Rorshach to provoke and focus debates on the politics of technology at the end of
the second millennium.

Ray's Worid

Ray worked at the Lawrence Livermore National Laboratory, one of two
nuclear-weapons design laboratories in the US. (The other is the Los Alamos
Mational Laboratory in New Mexico.) The Livermore Laboratory, set amidst vine-
yards and rolling hills about forty miles east of San Francisco, was founded in
1952, Since then its scientists have designed eighteen nuclear weapons, including
the neutron bomb and the warheads for the MX, Minuteman, and Poseidon mis-
siles. They have also worked on such SDI technologies as the X-ray laser and
Brilliant Pebbles. With about 8,000 employees and an annual budget of a little over
$1 billion, the Laboratory devoted roughly two-thirds of its resources to weapons
work throughout the 1980s, though it also sponsored research in such areas as new
energy technologies, environmental cleanup, and the Human Genome Project.’

The 1980s were difficult years for the Laboratory. In the early years of that decade,
as the Nuclear Freeze movement swept across the country, the Livermore
Laboratory became the local target of mass demonstrations organized by an
anti-nuclear movement that was exceptionally strong in Northern California.*
Meanwhile America's mainstream churches, especially the Catholic Church, for the
first time became vocally critical of the nuclear-arms race. Laboratory scientists,
many of whom are committed Christians, had to contend with the spectacle of
priests, nuns, even a bishop, getting arrested for civil disobedience at the
Laboratory gates.” Then, in the late 1980s, the new Soviet Government headed by
Mikhail Gorbachev made increasingly strenuous efforts to end the cold war which,
for nearly forty years, had provided the Laboratory’s principal raison d'etre. It was
in this conflictual historical context that, in 1988, | met Ray.

Ray had a Master's Degree in electrical engineering and worked maintaining and
reconfiguring some of the immensely expensive and delicate experimental equip-
ment at the Laboratory. He did not work directly on nuclear weapons research, but
he was quite candid that his work contributed to nuclear weapons development. In
the course of my research | found that many Livermore scientists believed they
thought much more than their colleagues about the ethics of working at a nuclear
weapons laboratory, and Ray was no exception.® “They [his co-workers] don’t think
very much about the ethics of what we do,” he told me, adding that many of his
colleagues even persuaded themselves that, since they were not working directly
on nuclear weapons design, there was no ethical issue to confront. *| have no illu-
sions about my work,” he said tersely.

| once commented to Ray that some of his colleagues seemed so wrapped up in the
technical problems they were trying to solve that they had lost sight of what
nuclear weapons could do to human beings. He surprised me by nodding and say-
ing that was why some of them came up with some “really sick ideas” for new
nuclear weapons, such as, for example, the neutron bomb—a weapon that excited
considerable controversy when it was produced in the 1970s because it was
designed to kill human beings with an intense burst of radiation while doing rela-
tively little damage to buildings

At the time that | met him Ray had been forced to look again at the ethics of his
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work because of his membership in the Catholic Church, which he took seriously.
The Catholic bishops had in 1983 issued a much publicized pastoral letter criticiz-
ing the nuclear arms race and appealing for its prompt cessation (National
Conference of Catholic Bishops 1983). Ray had even had the experience when he
went to worship at a church in a nearby town, where the priest knew nothing
about his work, of being asked why he was not helping to plan a protest against
the Laboratory! When he explained to the priest that he worked at the Laboratory
there was, he said, "an uncomfortable silence.” He added, *| had the feeling he real-
ly wished he could throw me out.”

At the time | first knew Ray, from 1988-89, he was quite sure that his work was
ethical. He believed that the development of American nuclear weapons was, on
balance, still more likely to stabilize than endanger the world. This conclusion
derived largely from his deeply held belief that the Communist regime in the Soviet
Union was historically a ruthless, aggressive threat to world peace that was being
contained by a democratic United States forced to arm in defense of itself and
allied nations. He worried that the Gorbachev regime was essentially no different
from its predecessors except in its aptitude for public relations and, one evening
when a news clip about Soviet arms control policy came on television, he told me
that if | thought Gorbachev had unilaterally suspended Soviet nuclear testing for
18 months "because he's a nice guy, then I've got some real estate for you in the
Arizona desert.” At one point he even articulated a concern that the Soviets might
be pursuing global nuclear disarmament because they had designed a secret
non-nuclear weapon with which they would be able to seek global domination in a
non-nuclear world. 5till, he told me,

if Gorbochev's sincere—which | doubt because it's all been too slick=but if he's
sincere, then five years from now there won't be any need for this lob and I'll
guit. I'm not saying that the Government will see that there’s no need for the
lob. I'm saying I'll quit becouse the work will no longer be justifioble.

In Ray's discursive world, if the Soviets abroad were dangerous and malevolent,
anti-nuclear activists at home were naive. He did not dispute their good intentions,
but he was quite adamant that, whether they knew it or not, much of their fund-
ing came surreptitiously from the KGB, whose goals they furthered whether or not
they intended to. *I'm not saying that anti-nuclear protesters are all bad. But
they're naive about where their money comes from and whose interests they're
serving. You'd be surprised how much of their money comes from the KGB.™

Ray’s belief that his nuclear weapons work was ethical and appropriate was
grounded, however, not just in his fearful mistrust of the Soviets but also in a posi-
tive faith in technology, particularly American technology, as a solution to human
problems. It was this faith in technology more than his anti-Sovietism (which, in
any case, was far from universally shared by scientists at the Laboratory, many of
whom were political liberals) that bonded Ray with his colleagues. Ray's house was
full of gadgets, and he loved to tell me about the amazing things Livermore
machines were capable of doing. He was impatient with people who opposed
nuclear power plants and genetic engineering, since he strongly believed that tech-
nology under rational and beneficent human control made the world a better and
safer place. His attitude to gun control, which he and | often disagreed about, illus-
trates the point: where | saw guns as a menace to everyone's safety, he believed
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that people had the right to own guns and were safer with than without guns, but
only if they had been properly trained so that they did not, for example, point them
at people or keep them loaded in the house. | worried about guns, | worried about
nuclear weapons, and | worried about the plutonium facility only two miles from
my house. He said he worried about guns and nuclear weapons only in the wrong
hands, and the only time he worried about the plutonium facility was when they
found one of the operators there was smoking marijuana. As long as technology
was in the hands of reliable experts—a category of person of whose existence | was
skeptical—Ray felt safe.

Watching Television With Ray

In Ray | had met someone profoundly different from myself. In the rest of this arti-
cle | want to outline how the differences between us were made clearer by watch-
ing television together, but also to give some sense of the ideological ambiguities
and conflicts built into Ray's world—a world that can too easily be reduced to a set
of linear consistencies by a thumbnail sketch such as the one above.

The otherness of Ray's world became dramatically clear to me one evening in the
spring of 1989 when | was visiting him and we ended up watching the film Short
Circuit on television. In view of the conversation that ensued | hesitate to even
describe the film, since it became clear that the film | saw and the film Ray saw
were not the same, even though we sat in front of the same television. Still, as |
saw it, the film goes as follows.

It concerns a brilliant but naive young scientist called Dr. Newton Crosby who,
while working for the Nova Laboratory,” invents a new kind of super-intelligent
robot capable of going behind enemy lines with nuclear weapons and prosecuting
a nuclear war. During a demonstration of the new robots to the top Pentagon brass
one of them, Number Five, in a scene that recapitulates Frankenstein as comedy,
gets struck by lightning and somehow acquires consciousness and free will.
Number Five escapes from the Laboratory and the military, afraid of an armed,
super-intelligent robot it cannot control, spends most of the rest of the film chas-
ing it and trying to blow it up. Number Five, meanwhile, terrified of being "disas-
sembled”, befriends Stephanie, a young and beautiful animal-rights activist, who
becomes his (the robot is clearly male) protector. Stephanie contacts the Laboratory
(*Can | speak to your head warmonger, please?”) and tries to convince the army
and the scientists that Number Five is harmless and is a life-form rather than a
robot, but the military, which tricks her into revealing Number Five's whereabouts,
is intent on one thing only: blowing up its robot. Meanwhile the scientist who has
also befriended Stephanie, refuses to believe what has happened, saying, "It's a
machine, It doesn't get happy. It doesn't get sad. It just runs programs ... It's mal-
functioning and needs to be repaired.” "Life,” replies Stephanie, "is not a malfunc-
tion.” Number Five, who has been reading the encyclopedia, learning to cook and
watching television, also becomes a pacifist and, when Crosby asks him who told
him it was wrong to kill, he replies *| told me. Newton Crosby, Ph.D. not know
killing is wrong?" "Are all geniuses as stupid as you?" Stephanie asks Crosby not too
long before they fall in love and, having outwitted the military, disappear into the
sunset with Number Five in their van to live as a happy cyborg family in the Edenic
wilderness of Montana.

As | watched the film its moral seemed transparently clear to me: the military just
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seeks to destroy and cannot be trusted; brilliant scientists are often naive and allow
their work to be misused by an unscrupulous military; an enjoyment of love and
life is antithetical to military and scientific life; and scientists and military men
need to be brought to their senses by strong, activist women with big hearts. In
short the film seemed to me a searing indictment of Ray’s
life. Only one thing puzzied me: why was Ray enjoying it so much that he almost
fell of the sofa laughing at one point?

“You enjoyed that film?" | asked, bemused.

*Wasn't it great? I've seen it before, but | love it," he answered, grinning from ear
to ear.

| felt the way the first Newton must have felt when the apple fell on his head, but
before he had any idea why. | was sure | was onto something important here, but |
was not sure what. | told Ray my interpretation of the film, emphasizing what | took
to be its critique of the military and of weapons scientists. There was a moment of
silence as Ray looked first perplexed, then tired. | had taken him by surprise. He told
me that the film, as far as he was concerned, may have poked some good-natured
fun at the military and at scientists, but its central theme had to do with the fact
that machines are enchanted and magical, and that people are unnecessarily afraid
of them. “People are afraid of what they don’t understand,”
he said. “That's what the film was about. It was making fun of people’s
fear of technology.”

| realized that Ray and | had been watching different films. The film revealed in
stark relief the different cultural worlds inhabited by Ray and L. If ever | had been
inclined to doubt the palpable force of culture in human affairs, here was my evi-
dence of its determinative influence. Where | had read the film as a transparent
[almost embarrassingly so) warning about the evils of scientific militarism, and had
been unable to see any other possible interpretation, Ray had seen it as a techno-
logical fantasy mocking popular fears of technology and celebrating the possibility
that machines might be alive, magical, and essentially harmless. Separated by our
initial attitude to technology, we had understood the film in fundamentally differ-
ent ways. Ray’s reading of the film was completely invisible
to me as a possibility until our conversation.

ideclogy and Popuiar Cutture

An incident such as this prompts important questions about the relationship
between hegemony and popular culture. One way of reading the event described
above would be to say that, in a situation where (as Janice Radway and Stanley Fish
tell us) texts are susceptible to multiple interpretations while dominant discourses
and ideologies are (as Foucault tells us) overwhelmingly powerful, then texts and
films that appear from one perspective to be counter-hegemonic can easily be recu-
perated and their message disarmed by the dominant discourse. Here the internal
fissures and ambiguities of texts so celebrated by the deconstructionists become just
one more means of enabling webs of power to maintain themselves.

Although this is a plausible interpretation of this single instance, it is one that we
should treat with caution—and not only because it would seem, in the world of
political practice where human beings endeavor to persuade each other about right
and wrong, to lead to the bleak conclusion that hegemonic systems are hopelessly
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immovable once established. It seems to me, instead, that ambiguity and internal
contradictoriness cut both ways, affecting dominant discourses as well as
counter-hegemonic texts and artifacts. Thus | want to add an account of another
conversation | had with Ray, this one provoked by a different film he and | watched
together on television—a film that apparently caught him in a different mood than
Short Circuit did.

The film in question is Splosh, which like Short Circuit, stars a boundary-
confusing creature persecuted by the military, only in this
case a mermaid rather than a (male) robot. The mermaid in Splash falls in love
with a man but is then found and captured by Pentagon researchers, who keep
her imprisoned in a tank so they can experiment on her. Her lover spends much of
the film trying to rescue her. This film, initiating a chain reaction of associations,
prompted Ray to tell me about yet another film he had seen with a similar theme:
Starman. Starman, as Ray described it, is about an alien who accepts an invitation
to visit earth and is captured and dissected by the authorities. "There are govern-
ments in the world that would do that sort of thing, you know,” Ray commented
knowingly to me. | expected him to follow up this pronouncement with a com-
mentary on Soviet human rights abuses but, to my surprise, he said, *| wouldn't
even put it past some people in the U.5. Government ... The scientists in the film
remind me of the attitude of some scientists you see at the lab, doing things with-
out being alive to the human consequences.” He even likened these to German
scientists in World War |l who did experiments in the concentration camps and
mused that he wondered how history would judge the Laboratory's scientists if
nuclear weapons were ever used.

What are we to make of this? Ray's response to Splash and Starman clearly fits
with his perception, mentioned earlier, that some of his colleagues at the
Laboratory were less concerned about ethics than he. It also suggests that critical
popular films about militarism are sometimes able to penetrate the dominant dis-
course, opening up fissures and enabling the articulation of doubts and queries
that might otherwise remain unvoiced. While these doubts may only overwhelm a
particular subject in unusual circumstances, that does not mean that they can easi-
ly be put to rest. Thus, if | have a quarrel with Janice Radway's approach to the
ethnography of reading, it is that articulating a fundamentally post-structuralist
insight about the multipleness of the world with a structuralist sensibility, she
assigns too much stability to her readers’ responses, discerning in them a clearly
consistent set of beliefs about the world that ultimately correlates with the social
position of the readers. As | have tried to suggest here by exploring Ray's contradic-
tory responses to different films we watched together, people's ideology may be
unstable and fissured in its own way, just like the texts through which we strive to
discern that ideology. After all, as Raymond Williams (1977:112) remarks, hegemo-
ny 15 never finally stable but "has continually to be renewed, recreated, defended,
and modified.”

This article has sought to probe the {ractal multipleness
of human social and cultural life by analyzing a scene from my field-
work at a nuclear-weapons laboratory. In this scene | thought | understood a film |
saw and | thought | understood an informant | had come to know quite well, but
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once the film and the informant were combined | found myself in a situation
where | could no longer be sure of my understanding of either—though both now
seemed much more interesting to me than before. The fact that it does not all fit
together neatly in the end, that systems electrical and hermeneutic are always vul-
nerable to short circuit, is what makes cultural analysis an impossible but vitally
important and exciting project. Films may have more than one meaning, depending
on the viewer and the context of viewing; informants may articulate fragments of
different ideologies, depending on the situation that evokes their speech; cyborgs
may be utopian or dystopian, tragic or comedic, depending on whether they
appear in BlodeRunner or Short Circuit,

| have tried here to weave my story about the fractal quality of texts, ideologies,
and people around the enigmatic, liminal, shape-shifting, tricksterish figure of the
cyborg. In doing so, | have taken my cue from Donna Haraway herself, who, argu-
ing against the totalizing discourses of Marxism and eco-feminism, insists in her
"Manifesto for Cyborgs® that the cyborg's only true politics lie in its opposition to
disambiguating closure: "the cyborg ... has no truck with ... seductions to wholeness
through a final appropriation of all the powers of the parts into a higher unity”
(Haraway 1990:192). In her final paragraph Haraway claims that “"cyborg imagery
can suggest a way out of the maze of dualisms in which we have explained our
bodies and our tools to ourselves. This is a dream not of a common language but of
a powerful infidel heteroglossia® (Haraway 1990:223). Taking these ideas a little
further and refracting them back on Haraway's own work, | want to conclude with
a warning against an over-romantic view of the cyborg among some contemporary
writers that threatens to turn into a fatal attraction.

Paradoxically, and problematically, in insisting so vocally that the cyborg's politics
are anti-essentialist, Haraway herself essentializes the cyborg,
thus denying it the full extent of its shape-shifting ability. Thus, for example,
Haraway tells us that the cyborg is "oppositional, utopian, and completely without
innocence” (p.192). She goes on to say that:

the cyborg does not expect its fother to sove it through o restoration of the

gorden, that is, through the fobrication of o heterosexual mate, through its

completion in @ finished whole, o city and cosmos. The cyborg does not dream

of community on the model of the organic fomily, this time without the

Oedipal project. The cyborg would not recognize the Garden of Eden; it is not

made of mud and cannot dream of returning fo dust.
(Haraway 1990:1392).

| am struck by this passage because almost every clause of it 1s belied by the partic-
ular cyborg that is Number Five in Short Circuit. Number Five appeals to audiences
precisely because of his quality of childlike innocence; he does expect his “father”
(Newton Crosby) to save him, and the process of salvation involves a heterosexual
union between Crosby and Stephanie that consummates Number Five's own
romance with Stephanie and suggests a new covenant between science, society,
and technology; Number Five does dream of returning to dust—he is haunted by
the fear of being "disassembled”; finally, Number Five does indeed "dream of com-
munity on the model of the organic family, this time without the Oedipal project:®
in the final scene Number Five, Newton Crosby, and Stephanie escape to the Eden
[Montana) that supposedly holds no appeal for cyborgs as a single family in which
Number Five is a sort of robot-child that, by virtue of its mechanical inability to
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couple with humans, is freed from the Oedipal hex and able to complete a seam-
less, conflict-free family.

| offer this slightly heavy-handed exposition of both the film Short Circuit and
Donna Haraway's prose in order to emphasize that, despite its liminality, the cyborg
can easily be worked into the *maze of dualisms” that is so powerful in structuring
Western thought. We can have unabashedly military cyborgs,
liberal cyborgs, and feminist cyborgs just as easily as we
can have cyborgs that undermine such categories. To think
otherwise 1s to underestimate the power of the grand narratives of Western thought
and to substitute a romanticized vision of the cyborg (based, paradoxically, on its
supposed immunity to romance) for older romantic salvation narratives organized
around either a return to nature or a surrender to technology. Just as nature cannot
save us, technology cannot save us, and the working class cannot save us, so also
the cyborg cannot save us. We created the cyborg, just as we creat-
ed nature, technology, and the working class, and only we
can save ourselves.

1. | am grateful to Jane Caputi, Michael Fischer, Chris Gray, and anonymous reviewers for the fournal of
Popuior Film and Telewision for comments that helped me revise this article. As always, responsibility for
remaining idiocies is mine alone, The research upon which this article i based would not hawve been possi-
ble without the financial support of a Mellon New Directions Fellowship at Stanford University and an
SSRC-MacArthur Fellowship in International Peace and Secunty.

2.Ray is not "Ray's” real name. | have also taken the liberty of disguising some of the circumstantial details
| give about *Ray's” life in order to make it harder to identify him. In accordance with the prevailing, but
unfortunate, convention in anthropology, and for want of a better word, | call Ray an “informant,” though
| dislike this word's connotations of surveillance and betrayal,

3 Besides Radway, my approach here is also influenced by a classic anthropological article by Laura
Bohannon (1966), who explored the different ways she and her African Tiv hosts understood Shakespeare's
Homiet The present article can be read as an updating of Bohannon's argument for the age of film and
wideo.

4.The founding and early history of the Laboratory is best described in the writings of Herb York, its first
director [York 1975, 1987: 85-72)

&.For overviews of the Laboratory's programs, se¢ Cochran ef ol [1987:44-52) and a special isswe of the
Laboratory's Energy ond Technology Review [1990). An excellent but unpublished overview appears in
Senate Policy Committee [1984).

B.0n the rise and fall of the Nuclear Freere Campaign, see Solo (1988] and Waller (1987). For a more gen-
eral portrait of the anti-nuclear movement in the 1980s, see Loeb (1987). Barbara Epstein (1985, 1988)
gives an excellent descriplion and anahysis of the Livermore Action Group, which organized the mass
blockades of the Laboratory, one of which attracted about 5000 participants. 1300 people were arrested
for enil disabedience at this protest in 1982, making it one of the biggest civil-disobedience actions in
American history, For an account of one of the mass blockades, see Cabasso and Moon (1985).

7.Far an exploration of the growing opposition to the arms race within America’s mainstream churches,
see the interviews in Wallis (1983). The Bishop who was arrested at the gates of the Laboratory was
Leontine Kelley, a Methodist,

8 For 3 more detailed exploration of Livermore scientists’ thinking about nuclear ethics, see Gusterson
(1995 chapter 3).

9.In my writing | usually treat nuclear-weapons scientists’ political statements as material for cultural
analysis, bracketing the contentious question of whether these statements should be seen as “true® or
“false.” In this case, however, | feel compelled as commentator to make an exception to my own policy in
arder 1o refute what must in all candor be described 34 disinformation abowt the anti-nuclear movement
promulgated by the Reagan Administration. Based on my experience first as a participant in and later as a
researcher on the Marthern California anti-nuclear movement of the 1980s, | am quite sure that this
movement was not funded by the KGB. | spent a year of my life deeply involved in fundraising for the San
Francisco Muclear Frecze and got to see first-hand, when the mail was opened, where the money came
frovm. (Mostly lots of small donors] | also spent years watching anti-nuclear organizations sink into debt,
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fall behind in paying their employees’ minimal salaries, and keep having to neglect their political goals in
order to organize fundraising events to keep themselves afloat. This was a movement that was starved of
resources (cf. Gusterson 1993),

10, Ironically, the crown jewel in the Livermare Laboratony's technological crown in the 19805 was its Nova
laser=the most powerful laser in the world —used for both military and alternative-energy experiments
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L\ SOCTALIZING THE CYBORG

e Gulf War and Beyond

Kevin s and Les Levidow
X
The cyborg self can be characterized as follows: Lhmugh a Yeranmd
expresst

bine an ommpotem phantasy of self-control with fear and
aggression directed against the emotional and bodily limi-
tations cf mere mortals. Through regression to a phantasy of infantile
‘omnipotence, we deny our dependency upon nature, upon our uwn nature, upon
the *bloody mess" of org:
the world, freezing h\swnml forces, and, i nscessnry,
even desl.roymz them in rage; we thereby contain our anxiety in the
name of maintaining rational control (Levidow and Robins, 1989, p. 172)
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NG THE CYB0RG SELF

Vision and image technol g self. The
so-called Gulf War highiighted mm ro\e In a very reel sense, the
screen beca of the war: the military encountered ts
enemy targets in the form of creonic images. The world of simulation somehow
screened out o of the real and

As the Gulf War also brought home to us,it was not just military personnel who
became caught up in ths technological psychosis. The “Nintendo war” involved and
implicated home audiences, who took pleasure in watching the officil images of
war, often compulsively 0. How was it possible to achieve this popular engage-
ment? How were viewers locked into the war through their TV screens? How is the
cyborg self generalized to the society at large?

The Military Cyborg

War converts fear and anxiety into perceptions of external threat. It then mobilizes.
defenses against alien and thing-like enemies. In this
process, new image and vision technologies can play a cen-
tral role. Combat is ncreasingly mediated through the com-
puter screen. Combatants are involved in a kind of remotely
exhlarating tele-action, tele-present and tele-engaged in
the theatre of war, sanitized of its bloody reality. Kiling is
done ‘at a distance; through technological mediation, with-
out the shock of dect confontatin.Te i becorne
The soldier
mova\ dlw\annn the targeted “thlngs on the
not seem to implicate him in a
s i mbrorsy

Moreover, by fetishizing electronic “information” for its pre-
cision and omniscience, miltary force comes to imagine
itself in terms of the mechanical or cybernetic qualities that
are designed into computers. The opera

behaves as a virtual cyborg in the
real-time, man-machine interface which
structures military weapons systems. A new “cyborg soldier" is con-
structed and programmed to fit integrally into weapons systems. By training for
endurance, the soldier attempts to overcome biological imits,better to respond to
real-time ‘information’ about enemy movements By disciplining his ‘mindware’
and acting on the world through computer simulations, the soldier can remain all
the more removed from the bloody consequences of his actions (Gray, 1989).

In the Gulf War, the cyborg soldier was complemented by new *smart” weapons.
Although the view from a B-52 bomb bay already distanced the attacker from any
human victims, new weapons rationalized military vision even further. Paradoxically,
the Gulf video images gave us closer visual proximity between
weapon and target, but at the same time greater psycho-
logical distance. The missile-nose view of the target simulated a super-real
0 human attain. This
extended the moral detachment tht caracterizedeare mitarytechnologes
(Robins and Levidow, 1991, p. 325).
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It was the ultimate voyeurism: to see the target hit from the
vantage point of the weapon. An inhuman perspective. Yet this kind of
watching could sustain the moral detachment of earlier military technologies. Seeing
was split off from feeling; the visible was separated from the sense of pain and death.
Through the long lens the enemy remained a faceless alien, herfhis bodily existence
de-realized (Robins and Levidow, 1991). Military attack took the form of thing-like
relations between people, and social relations between things, as if destroying inani-
mate objects. Perversely, war appeared as it really was (Levidow, 1994).

In targeting and monitoring the attack, a real-time simulation depended upon
prior surveillance of the enemy, conceptualized as a “target-rich environment.” In
the five months preceding the January, 1991 attack on Irag, the US war machine
devoted laborious "software work”™ to mapping and plotting strategic installations
there. The concept of "legitimate military target” extended from military bases and
the presidential palace, to major highways, factories, water supplies and power sta-
tions. The basic means of survival for an entire population were reduced to “target-
ing information.” Enemy threats—real or imaginary, human or
machine—became precise grid locations, abstracted from
their human context.

This computer simulation prepared and encouraged an omnipotence phantasy, a
phantasy of total control over things. At the same time, the phantasized omnipo-
tence required the containment of anxieties about impotence and vulnerability. The
drive for electronic omniscience both evoked and contained anxiety about unseen
threats. Designed to prepare real-time attacks, an electronic panopticon intensified
the paranoiac features of earlier omnipotence phantasies. Through these technolog-
ical attempts at ordering a disorderly world, uncertainty was rendered intolerable.

Any attempt to evade penetration by the West's high-tech panopticon simply con-
firmed the guilt and irrationality of the devious Arab enemy. Any optical evasion
became an omnipresent, unseen threat of the unknown which must be exterminat-
ed. This paranoid logic complemented the US5. tendency to abandon the Cold War
rationales for its electronic surveillance and weaponry, now being redesigned
explicitly for attacking the Third World (Klare, 1991),

In the Gulf episode, the LS. military portrayed the Iragi forces as in hiding. When
Saddam decided to avoid a direct military confrontation with the U.5, coalition’s air
force, he was described as 'hunkering down, almost cheating the surveillance sys-
tems of the West's rational game plan (Levidow and Robins, 1991). Irag’s caution
was personified as the backward Arab playing the coy virgin: *Saddam’s armies last
week seemed to be enacting a travesty of the Arab motif of veiling and conceal-
ment ... [Saddam] makes a fairly gaudy display of mystique® (Time magazine,
February 4, 1991, pp. 12-13). Such language updated an earlier cultural stereotyp-
ing of the mysterious Orient (Said, 1985).

The racist logic emerged more clearly after the U.S. massacre of civilians in the
Amariya air-raid shelter. In this case, unusually, TV pictures showed us hundreds of
shrouded corpses. In response, the U.S. authorities insisted that they had recorded a
precise hit on a "positively identified military target;" they even blamed Saddam for
putting civilians in the bunker (Kellner, 1992, pp. 297-309). The U.5. continued to
cite its surgical precision as moral legitimation, even though it was the precise tar-
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geting which allowed the missil to enter the ventilation shaft and incinerate all
the people inside the shelter

Constructing the Viewer
This combined logic o fear and aggression s not just  military phenomenon. The
Gulf War showed how much we, the home viewers of the Nintendo
war, were also implicated in the logic of fear, paranoia
and aggression. Seen on network TV, the video-game images were crucial in
recruiting support for the U.S.-led attack.

The images evoked audience familiarity with video games, thus offering a vicarious

eal-time participation. Video games in the wider culture are also about the mas-

tery of anxiety and the mobilization of omaipotence phantasies; these psychic

dimensions correspond to the cyborg logic of the miltary “game.” The parallel with
deep; after all, some

designing military and entertainment versions of interactive

simulation technology.

Where the Gulf massacre publicly enacted phantasies video
games privatize them. The processes of anxiety and control
are actvely structured by the computer-video microworid,
with ts compulsive task of achieving ‘perfect mastery
evidow and Robins, 1989, pp. 172-175).In partcular, the
video game i a psychodynamic process of projecting and
managing internal theats: The actual performance required
of us in the video game is ke being permanently connected
to broadcast televison's exciting live event.* Video games
elicit young boys' phantasies of exploring the damage done
inside the mother’s body; here the male ‘fears both his own
destructiveness anda fantasized retaliation from the object
of his destructive antasies (Skirrow, 1986, pp. 121-22)
M Video games can thus be understood as a paranoiac environ-
ment tht induces s sense of paranoia by dissolving any dis-
tinction between the doer and the viewer.Driven by the structure of the video
game, the playeris constantly defending himsel,or the entire uiverse, from
destructive forces The play becomes a comoulsive, pleasurabl repetiton of a
lfe-and-death pmmman« e the et can e b Bty et
esina . often
St e g B (i 15959

While the video game simulates a real-time event, the Gulf episode took such images
as ts reality. The Gulf War was "total television”, an entertainment form
which merged military and media planning [Eng:\hzmt 1992).
“The Pentagon, and its corporate suppliers, tecame the p

the sounds nd mages, ik the ews became & orm of ity advertsng’
(Stam, 1992, p. 112). How, then, did this infotainment engage its audience, and even
construct the viewer?

The home audience, which seemed to take great pleasure in its viewing, was also
implicated in collective phantasies. Primitive anxieties were evoked and structured
by a pervasive cultural rhetoric, which gave specific meanings to the electronic
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images. The Iraqi state, even an entire society, was personified as an irrational mon-
ster, 'a new Hitler, from whom we must be saved. The sadistic ‘rape of Kuwait’
posed a threat of symbolic buggery against the West, even a threat to civilization
itself. Saddam seemed to personify a sadistic, unpredictable, limitless violence. He
was a "madman” who transgressed the combined rules of morality and rationality.
By exaggerating claims about Irag's nuclear weapons development and speculating
on its chemical weapons, the mass media portrayed a regional aggressor as a threat
of global annihilation.

In the face of these perceived threats, viewers were infantilised, leading them to
welcome a strong saviour who was apparently wielding a civilized violence on
behalf of international law. When the West's attack transparently went beyond the
official mission to free Kuwait', the ensuing destruction resonated with popular
wishes to remove the source of primitive anxiety—by civilized means only, of
course. In contrast to Saddam’s sadistic Scuddish violence, the West was imagined
to be inflicting a morally based violence; ‘our’ missiles, by virtue of
their precision and rationality acted as exterminating
angels. This good/evil split permitted western TV audiences to deny the bar-
barism within their own civilization, to deny the internal sources of its violence,
and to treat its destructive hatred as an enemy threat (Aksoy and Robins, 1991).
Western rationality became inseparable from a paranoid projection which conflat-
ed, and confused, internal and external threats.

Bombed facilities were rhetorically personalized as Saddam's military machine. In
this way, 'the media turned Irag into one vast faceless extension of their demo-
nized leader' (Stam, 1992, p. 114). The mass media also adopted U.S. military
euphemisms which further reified the massacre. This language denied the human
qualities of the victims, while attributing such qualities to inanimate objects: for
example, 'smart’ bombs killed' Iraqi equipment. Home viewers could thereby detach
themselves morally from the human consequences of surgical strikes against the
evil, non-human forces personified by Saddam (Kellner, 1992, p. 247).

The images did far more than to sanitize death. The video-game war also combined
viewer and doer: ‘telespectators were made to see from the bomber's perspective’
(Stam, 1992, p. 104; cf. Levidow and Robins, 1991). With missile cameras “the sec-
tors of destruction and information became almost completely synonymous”
(Wark, 1991, p. 15). The images involved us as vicarious participants in destroying
perceived threats to our bodily integrity, our physical existence, and our social
order. Indeed, we could feel a pleasurable identification with high-tech violence
against a barbaric enemy (Broughton, 1993).

In this paranoid rationality, the problem is less about people accepting the literal
“truth® of propaganda images, than about seeking refuge from anxiety. The danger
is that people will choose fantasy, and fantasy identification with power, over a
threatening or intolerably dislocating social reality’ (Rosler, 1991, p. 63). As an
anti-war poster warned, "You are the Target Audience: When you watch the news,
you are invited to enter into a pact. You are expected to believe in the same sys-
tem, share the same values and goals.”

Even those disposed to be critical could find certain parts of themselves consenting to
this pact. The war images both evoked and contained primitive anxieties in all of us.
We were confronted with invasive and induced feelings, and found ourselves experi-
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S0CIALIZING THE CYBORG SELF

encing feelings and thinking thoughts that were in an important sense not entirely
our own. We had to reckon with feeling-states that seemed to inhabit and impose
themselves on us, irrespective of our conscious desires. As Baudrillard (1991, pp.
12-13) puts it, ‘'we were all held hostage by the intoxication of the media’

The Social Cyborg

The Gulf massacre brought home to us the role of high-tech systems
in mass psychopathology. This episode belied the naive hopes of those
who have idealized electronic information—as an instrument of participatory
democracy, as a social prosthesis, or even as inherent resistance to the commodity
form. Rather, electronic systems constituted a paranoiac environment; mediating
an omnipotence phantasy, they converted internal threats into thing-like enemies,
symbolizing rage at our bodily limitations

In the paranoid-schizoid mode, ‘the self is predominantly a self as object, a self
that is buffeted by thoughts, feelings, and perceptions as if they were external
forces or physical objects occupying or bombarding oneself' (Ogden, 1989, pp.
21-22). The fear and pain immanent within ourselves is evacuated and experienced
as danger immanent within the other. Once they are externalized in this way, ‘the
establishment can get to work, offering its protection, keeping the threat at bay,
zapping intruders, policing the boundaries’ (Hoggett, 1992, p. 346).

Screen, surveillance and simulation technologies have
become {fundamental to this ‘protection’. it now involves new
global networks of sensors keeping track of worldwide targets in real time. Vision
technologies appear to enhance security through continuous monitoring of the
globe as a danger-rich environment. With the spread of such defense systems, ‘real
enemies’ become elusive and ominpresent. The technologies now monitor an
unidentified and amorphous threat ‘out there’, both within and beyond the bound-
aries of the western world.

For example, Britain has an estimated 200,000 video-surveillance cameras, many of
them continuously monitoring main streets and shopping centres. It is argued that
the cameras not only help police to identify criminals, but also make people feel
safer. If so, then the cameras compensate for—and even intensify—the social isola-
tion which makes us feel vulnerable in the first place. This form of ‘security’ further
constructs our lives as social relations between things, just as a Nintendo war 'pro-
tected’ us from any human relation with its victims,

The Other is an unseen and invisible threat, detectable only through electronic sur-
veillance and mediation. The technological systems generate a structural paranoia:
their panoptic vigilance requires the existence of a virtual enemy. It is not only the
state which is caught up in this logic of paranoid rationality. Its psychic defense,
which underlay the 1980s Star Wars project, became a mass-culture recruitment
drive during the Gulf War. As in that 'virtual war, the whole society is now caught
up in ‘this visualization of things, this hypervisibility, this hyperpredictability and
programming, hyperprogramming, of things' (Baudrillard, 1993, p. 251).

Through electronic mediation, this aspect of war pervades
wider areas of our lives, thus socializing the cyborg self.
We fear ourselves and each other, while identifying with
an omnipotence phantasy of technological power. The ques-
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tion remains: instead of infantilizing us, can electronic mediation help us to handle
our fears and to identify with fellow targets of the paranoid panopticon?
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CHILDREN OF THE MIND WITH DISPOSABLE BODIES

context. Every text, therefore, implies a certain discursive fabric, woven about the
intersection of the syntagmatic axis and the paradigmatic axis.

The force of metaphor resides precisely in the fact that as a rhetorical tool simulta-
neously exploring similarity and difference, it functions primarily along the para-
digmatic axis of linguistic production. Metaphul" enables us to
understand and experience one sort of thing in terms of
another. In its daily use, according to Lakoff and Johnson (1986), what we
experience with a metaphor is that a kind of “reverberation” is felt "down through
the network of entailments that awaken and connect our memories of our past ...
and serves as a possible guide for future ones” (140). These memories and experi-
ences, however, cannot be conceived except from a point of view that is necessarily
political and ideological.

In considering the self as a socially and historically constructed category, we must
look back to the Enlightenment and the beginnings of capitalist industrial develop-
ment. Traditionally, the characteristics associated with the self in modern times
stem from a particular re-articulation of legal discourse, beginning with the French
Revolution and the consolidation of Christianity as a religion of salvation and con-
fession, in which the notions of equality and liberty are broadened (Foucault, 1985,
1990). At that historical moment, a particular social being was gradually produced,
a "self” which was the bearer of certain rights and responsibilities, and whose exis-
tence required a sort of interior cavity that assumed the responsibility for the per-
son's acts and that might easily be converted into an object of the various
normalization programs that accompanied industrial development. The notion of
self that gradually takes shape in modern times makes that self both the center of
“self-consciousness” and a unit of self-contained and integral action. This self
claims, paradoxically, simultaneous difference from and equality with the "other.”

Although in antiquity the psyche was conceived of as an impersonal and transcen-
dent entity whose most remarkable characteristic was its categorical opposition to
the body, and thus its total exemption from the limitations on the physical exis-
tence of that body, the psyche of modern times is seen as the counterpart of that
other, bodily substance. According to the Cartesian dualism that emerges in the
seventeenth century, body and soul are two substances that mutually depend upon
each other.

Today, late-capitalist society is advancing toward new modes of capital accumula-
tion, which leads us to consider the need to articulate a new notion of the self, one
which takes shape, though in contradictory ways, within these new historical and
social conditions. David Harvey (1987) has pointed out that as a result of the col-
lapse of the Fordist system of production, a new system of political and social order
has arisen, based on flexibility. This new mode of accumulation demands flexibility
with respect to labor processes, the labor market, production and more recently
differentiated patterns of consumption.

Flexible production systems put emphasis on product innovation and the explo-
ration of small-scale markets. New technologies—robotics, information technology,
visual technologies, genetic engineering, etc.—serve to accelerate the temporal
processes leading toward this new mode of accumulation. This phenomenon trans-
lates into accelerated compression of spaceftime. The repercussions of these new
modes of production are reordering the threads for a new design of the social fab-
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ric in post-Fordist late-capitalist society. These new articulations point out the need
to sew back together the so-called “fourth discontinuity” in the human/machine
relationship (Mazlish, 1993).' We might also speak of a human/machine compres-
sion, this compression signifying a new qualitative leap in the evolutionary process,
as some researchers have suggested, Moravec (1988) and Ursua (1988) among oth-
ers. This suturing of the human/machine dichotomy implies a new notion of self
that, in turn, would respond, although in contradictory ways, to the goals of the
globilization of the economy.

This paper is an analysis of Hans Moravec's MIND Children: The Future of Robot and
Human Intelligence (1988). Two discourses predominate in this text: the biologicol
and the magicol. Between them, they generate a matrix of statements that would
appear to argue in favor of the suturing of the "fourth discontinuity” and the forg-
ing of new modes of capital accumulation in the historical moment at which we
now find ourselves.

First of all, Moravec characterizes the human/machine relationship with the
metaphor of "symbiosis,” specifically alluding to the concept of the interface
between human being and the machine. The word "symbiosis” fundamentally signi-
fies "the living together in more or less intimate association or close union of two
dissimilar organisms; the intimate living together of two dissimilar organisms in a
mutually beneficial relationship.” Two assumptions may be seen in this metaphor.
First, that symbiosis is a cooperative relationship, and
second, that the relationship is one between two entities
conceived of as organisms. Both “reverberations” have several implica-
tions, as we will see,

Furthermore, the term “interface” itself means a surface {form-
ing a common boundary, a meeting-point or area of con-
tact between objects, systems, etc. This view of interface as a
common boundary implies an inexorable machine/human connection, and thus we
see that all the textual instances that mention or imply interfaces have a particular
relevance to this discussion.

When Moravec narrates the history of the development of interfaces, he calls upon
two metaphoric formulations that recall the two discursive modes previously men-
tioned: the organic and the magical. For example, Moravec says that the first inter-
faces were “rat's nests.” As a vehicle of significance, one of the acceptations for the
word “rat” is "a miserable or ill-looking specimen,” and thus Moravec reiterates the
primitive and somewhat tedious and daunting nature of those first interfaces, pre-
disposing the reader to the "new" advances over the "old.” A second metaphor used
by Moravec is that of the “hacker's habitat,” which is the work-space in which pro-
grammers develop better and better software. This metaphor clearly has organismic
connotations, since the word “habitat” is associated with the dwelling-places or
environments of organic life forms. In the passage in question, the machine
appears to widen, organize, and facilitate the user's habitat. These rearrangements
of the habitat are aimed at new and better modes of communication between
users, achieved thanks to the employer’s machines. The work-space is re-thought,
and becomes a natural, organic environment in which social relationships emerge
spontaneously and ludically. Thus, the signs of exploitation and domination charac-
teristic of salaried jobs are occluded or omitted.
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On the other hand, in this chronological account of the development of interfaces,
another sort of clerk or scrivener begins to appear—the “hacker.” Hackers are very
similar to medieval scribes, for they are the possessors of the skill of writing (in this
case, writing software), they associate in guilds of a sort (support groups, user
groups, and other types of associations and networks), and they have secret signs
(the particular programming languages and access-codes and passwords they use).
The notion of "network” changes subtly into an "arcanum®—an occult or recondite
secret or mystery—to be revealed only to certain initiates or adepts.

Through this metaphor, Moravec brings the legacy of alchemy into the modern
world of the development of interfaces. In several passages he alludes to magical,
enchanted, and mysterious or occult aspects of these new technological advances
Especially well-articulated is a magical conception of image-production. Images
appear as privileged forms (the religious word “icon” is used), and
become the dominant mode of representation, producing a new sort of interface
that, in popularizing "writing” on a video screen and conveying that writing to a
mass audience, establishes a hypertext. There is, then, a secularization of icono-
graphic writing, similar in many ways to the general secularization of writing in
modern times. For Moravec, “the icon interfaces proved effective and easy to use
for novices and experts alike, probably because they tapped the nonverbal
object-manipulation skills of humans® (Moravec, 1988, 84).

The image of self implied here picks up the concept of self present at earlier stages
of development, and fits the image of user/machine interaction as ludic activity. This
type of vision (and approach) leads eventually to the production of those extremely
"user-friendly” microcomputers and software that mushroomed in the Bs

In spite of the importance and profusion of this sort of hypertext, Moravec pre-
sents us with yet another sort of interface, one providing even greater interactivity.
Moravec calls this interface "magic glasses,” once again employing the magical
metaphor. These glasses may be accompanied by "magic gloves® and even, in time,
by a "magic rope.” This equipment produces an artificial or "virtual® reality that, in
interactivity with a person, functions as a hypertext or hyper-reality.

Kim Sawchuk (1987) has pointed out that in late capitalism, power resides in the
“imaginary,” where as Sawchuk says, “subjects are maintained in a circuit of desire
and anxiety.” Here, creating an abstraction is no longer an exercise that produces a
sort of mirror-phenomenon, more or less isomorphic with reality, but it is the gen-
eration of models of reality that do not take their origin from reality. We are
dealing, then, with a hyper-reality.

Likewise, models of proxy-robots have been designed, one in 1986 at the Naval
Ocean Systems Center in Hawaii. The motions of the operator can be copied by the
robot at the same time as images from the robot's camera-eyes are delivered to the
operator's “magic glasses.” This sophisticated equipment gives the operator the
subjective sensation of being in the robot's body.

"Magical” interfaces can put limitless experiences at a person’s disposal, even with-
out the person’s having to leave the comforts of home. Moravec promises that
eventually the difference between transportation and communication will be moot.
A person will be able to interact with other life-situations in several ways: by remote
control (receiving sensory experiences from a robot), or by simulators, or by way of
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equipment which produces virtual realities. Or, of course, any combination of these.

In Moravec’s text, the image that underlies this vision of
the near-future is the prosthesis, which in turn generates a vision of
a protean self at two distinct levels of that metaphor: First, technological equip-
ment becomes the user's prosthesis, and at the same time the body
itself becomes a hyperpragmatic prosthesis in a world of
virtual realities. The word "prosthesis” is used to indicate an artificial device
to replace a missing part of the body, but also a device which extends the radius of
action of an organism.

This prosthesis metaphor contrasts favorably with Gianfranco Beltetini's notion. He
speaks of the experience of the viewer of a film, arguing that the addressee’s body
is a "symbolic prosthesis.” The subject of the enunciation, Beltetini says, has no
body yet, but enters a text as a bodiless simulacrum into which is introduced, in
disguise, a subject-addressee that does have a body. The viewer's body participates,
then, in a symbolic production whose symbols come from the realm of the fantas-
tic or illusory. The addressee's sense organs have no contiguous relationship with
the signals from the screen. There is an "empty space® that the viewer fills by
means of a symbolic production:

It is precisely this lock of satisfaction, physically determined by the spoce

which separates the viewer's body from the phantasms of the signifier, which

allows the images fo enter the order of discourse and ollows the viewer to be

focated in turn in a discursive dimension, to perform the role of producer of

symbols. One might say that the viewer's body “extends” its action

constructing for itself o real symbolic prosthesis of its own (p. 35).

But what happens in the case of interaction with virtual realities? In this case there
15 indeed sensory continuity, provided by the "magic glasses,” "magic gloves,” etc.
The viewer has no “empty space” to fill in the sense described by Beltetini. All is
“presence,” the presence of discourse not from the boundaries of the real but
rather from the borders of the hyper-real. In this case, the body would be a pros-
thesis that did not "extend” but "spilled out of” the boundaries of the real organ-
ism. As we shall see in a moment, this technological discourse at last
implies the possibility of the ultimate “replacement” of
the body.

It is important to note that these advanced interfaces are given metaphorical
names of clothing—gloves, coat, glasses—worn on the body. Julia Emberley (1987)
says that the metaphor of clothing for designating the interface between the self
and the rest of the world, in the post-modern image, implies that the body has
been turned inside-out, exploding towards the surface where experience has been
transformed into an ornament that inscribes the body with new signifieds

At first glance the body is to be conserved and preserved:

The mogic glosses allow you to see through the robot’s eyes, the coot ond
gloves permit you to feel, gesture, and act through the robot’s manipulators,
ond foot controls on your armchair let you drive the robot around. By renting
proxies of remote locations, you can wisif, talk, and work at widely scottered
projects without incurring the physical risks of dangerous locations or the
boredom of long trips (Morawvec, 1988, 1991),

In this passage we are presented with technology as protection for the body
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against physical harm, thereby implying the nee to preserve the real physical
body. This image, however, enters into a cortradiction with the assumption of the
body's obsolescence that appears in other passages,in which the author hints at
the possibiity and desirabilty of the transigration of the mind into a synthetic
. In these passages, the blolog\cald body assumes a character

Moravec's text, we can identify some peculiarly modern continuities and discon-
inuities. Among these, there is the Platonic recreation of the *soul” (conceived of
habiting a body, and functioning as the generator of ife. The brain is
s the heart was previously, as the generator or nucleus of life. Through
etaphor of transmigration, the myth of the separabilty of “soul” and "body” is
ten, and there emerges the possibility of a “reincarnation” (a notion inherited
the Orient, later forming part of the Judeo-Christian tradition and also
ving in certain syncretic religions). The image of eternal lfe also survives here,
we would no longer suffer the physical limitations of the flesh, and in a kind
Lost myth, here and now, on earth, not in some vague:

articulation of the myth of life-as-electrical-charges (in this case, tmmm:qr
tic charges that may replicated in e ) that
ume into vogue during the eighteenth century with the vitalist movement \ed by
i Mesmer, who held that bodies contained an interal“fluid® of a mag-
etic nature, and that the flow of this fluid maintained the health of the body
(Darnton, 1968). This myth is masterfully worked out n Mary Shelle's famous
sever, unlike Dr K
achievement, life is now generated in inorganic matter. [n u:her words. zhe
machine, and not a biological body, become
Ty of mind.
Another great discontinuity with modernism occurs when
disposed of. There is no doubt that there is a negative valu:imn of the hmlogvml
body. In his text, Moravec says that the cerebral tissue—now simulated—is dispos-
able and can be sucked up by a “vacuum* Tis negative valuation can be seen more.
clearly in later paragraphs, where he outlines other methods of achieving transmi-
gration without having to appeal to what he calls "messy surgery.”

In their article on ppearing body in the hyp jon, Arthi

(1987) recall 2 that the bourgeois body
tends to become an empty locus of the dissociated ego, within a “volume in disin-
tegration" defined and permeated by the technologies of power. The Krokers pro-
pose that the current nsistence on the recuperation of subjectivity indicates that
hyper-subjectivityis the condition within which power will be operating at the end
of the millennium. | am talking, then, about a superfluous, disposable, changeable
and even interchangeable, plastic body wherein resides a fragmented and multiple
hyper-subjectivity.

For control and domination, the person would require not the flagellation of the

body (as in the ascetic tradition), nor the propadeutic four square walls of the con-
ional (y booth itelf or

lent), but rather the possibilty of its total reconstitution following the dictates of
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the *new” order, and in extreme cases, its total replacement. In summary,
we are talking about a plastic body which is the offshoot
of the aesthetic of the technologization of the body.

On the one hand, the technologization of the body generates a sort of double bind
for the development of capitalism and the globalization of the economy. On the
other hand, the body is subordinated to functionalism, yet it resists this subordina-
tion. The body has shown itself to be necessary yet super-
fluous for the functioning of the economic system of
technological society. This double bind is reflected in several passages of
Moravec’s text.

Sometimes the body appears as material to be conserved, while at other times it is
stuff that one might even wish to get rid of, for it restricts possibilities that the
self, held within the body and inhibited to a greater or lesser degree by the fact
(fear) that the body could be annihilated, can only yearn after: the possibility of
“transmission” [by way of cables conducting electronically digitalized signals), the
possibility of being duplicated (generating a multiplicity of memories simultane-
ously), and finally the possibility of being shared by multiple bodies.

It has been said that the assumption of hardware/software separability that under-
lies these ideas is a reformulation of Cartesian dualism. We need to look more care-
fully, however, at the philosophical discourse implied in this text. | would suggest
that more than Descartes, it is Plato that is present here. For Plato, the empirical
subject (the body and its experiences) is imperfect matter, and the authentic sub-
ject of knowledge is the soul (Braunstein, 1979). For Moravec, it is not acceptable
to assume that personal identity is defined by the "stuff,” as he calls it, of which
the body is made. Opposed to this view of "body-identity,” Moravec proposes the
concept of "pattern-identity,” and defines this concept as follows:

Pattern-identity, conversely, defines the essence of o person, soy myself, as
the pattern and the process going on in my head and body, not the machinery
supporting that process. If the process is preserved, | om preserved. The rest is

mere jelly [17)."

The dualistic implications of this idea are clear. The mind is independent of the
body. For Moravec, although the mind is a consequence of interacting stuff, the
ability to be copied from one storage medium to another confers independence
and an identity separate from the machinery that processes it. Personal identity
conceived of as "pattern identity” offers the possibility of rearticulating the ancient
myth of Proteus, the sea-god who possessed the ability to change shape at will.

For Moravec, furthermore, the mind not only has no reason to be
tied to a single body, it has no reason to be tied to one
particular pattern. It may be represented in an infinite number of patterns,
which are only equivalent in the abstract or mathematical sense of the word
‘equivalent.”

The archaic and apparently still untiring search for the fountain of youth and
immortality swings between control of the protean body and the inevitable unpre-
dictability of that body's fate as it is subjected to the avatars of life that inflict
uncontrollable changes on it. Moravec contemplates the possibility that some parts
of our bodies will be discarded and replaced by others, as the conditions of our
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individual lives change. With the precariousness of the physiological substrate as a

given, the disappearance of the body and the externalization
of the mind are proclaimed to be inevitable phenomena in

the evolutionary process.

In the fabric of Moravec’s text there emerges a new self, one that transcends bio-
logical limits via a post-biological self. 5till, there is the contradiction that this
cybernetic progeny will be subject to all the calamities to which the biological body
was prey. It would appear that the text wants, at one and at the same time, to both
preserve and discard the organic paradigm.

Interestingly, it is the inevitability of the life/death contradiction, the precariousness
and plasticity of the biological and social substrate, that permits the creation of a
common substrate for the human-machine suture through symbiotic cooperation. The
metaphor of the “symbiotic path® returns us, once again, to the biological discourse.

According to John Broughton (1985), the organic metaphor (as used in discourses
concerning computer literacy) provides instrumental reason with an ontology that
knits together the domains of the physical, the vital, and the human. This
metaphor creates the illusion that the rigid automatic processes inherent in
machines are transcended. In Moravec's text, notions like “organization,” “habitat,”
and “"symbiosis” become ontological metaphors that see “life” not in
contradistinction to “machine” but rather as a quality of
that machine, so that it becomes a common substrate underlying both
human and mechanical.

In conclusion, the notions of self in this text point toward a reconstitution of the
transcendent subject, a subject articulated with qualities similar to those of decen-
tering: plasticity, multi-referentiality, the constitutive precariousness of the subject,
etc. Its metaphors are fundamentally spatial and structural and provide the onto-
logical infrastructure for the creation of an ultra-human condition [prophesied by
Nietzsche at the end of the nineteenth century). Another quality peculiar to this
reformulation of the self is that its characteristics are suitable to the suturing of
Mazlish's *fourth discontinuity.” Seen from this perspective, the processes through
which subjectivity is formed would have to be conceived in relation to an “other"
that could be the machine.

Finally, I emphasize the need to see technological discourses
as space—in this case, spaces {or struggle—in the same sense in
which Michel de Certeau (1985) presents social spaces as “spaces for enunciation.”
These discourses become privileged spaces so that the domination/resistance con-
tradiction can be carried to its limit; they propose modes of social existence that
are unforeseen and unpredictable—frightening qualities offering important chal-
lenges to normalization at the same time as they appeal for the articulation of new
forms of political consensus.

This paper was presented at the Second Discourse Analysis Workshop/Conference, July 10-12, 1991, at
Manchester Polytechnic Institute, England.

1. In the eighteenth lecture of his infroduction to Psychoonalysis in Vienna between 1915 and 1917),
Freud suggested that in the history of thowght his work stood as the third instance of the wounding of
humanity's self-esteem. The first instance was the work of Copernicus, who established that Earth, and
therefore humanity, did not occupy the center of the Liniverse but rather a tiny speck within a system
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whose magnitudes could hardly be conceived. The second instance was the work of Darwin, who stripped
humanity of its privileged origin within divine Creation and made it a simple descendant in the animal
kingdam, The third instance was Freud's own waork, which demonstrated that the "ego,” to which we tend-
ed to ascribe such power, "is not even master in its own house.”

2. Robert Melone (1978) says that the automaton created by Jaquet-Droz in the nineteenth century (a
writing-maching with a human figure that could write any message of no more than forty characters and
that functioned through a complex clockwork mechanism) was the inspiration for Dr. Frankenstein and his
creation. The automaton's creator, Jaquet-Droz, was arrested and accused of witcheraft,

3. A slightly more classical version of this motif appears in John Pollock's book How to Build o Person
(1989, in which he defends the thesis that a person is fundamentally a conative-cognitive machine, an
intelligent machine, and as such, added to a body: "My claim is that instead of being identical with their
bodies, people are physical objects that supervene on their bodies® [32).
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]Xlodermf,y, Postmodernity &
Reproductive Processes ca.1890-1990
way?" or, “Mommy, where do cyborgs come from any-

Adele Clarke
“Science, more than any other investigative and descriptive activty, creotes.
‘ond conceals the context from which t arises* (Duden 1991:20).
“Cyborg anthropology is o dangerous activty”
(Downey, Dumit ond Willioms 1992:4)."

Valerie Hartouni (1991:30) recently examined the stories behind two headlines
about medical cyborgs from the late 1980s, *Brain-Dead Mother Has Her Baby." and
“Orphan Embryos Saved. She asks:

What makes these headlines moke sense? Why might they seem sensible
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cposterous? .. What belefs, assumptions, and expectations allow them (o
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MODERNITY, POSTMODERNITY, & REPRODUCTIVE PROCESSES ca. 1890-19940

In response, [ will argue that modern approaches to reproduc-
tive bodies and processes were and remain centered on
achieving and/or enhancing control over those bodies and
processes (Clarke 1988). In contrast, postmodern approaches are centered on
re/defsign and transformation of reproductive bodies and processes to achieve a
variety of goals. In short, | argue that the common distinction embodied in the
term "the new reproductive technologies™ which appears in scholarly as well as
popular media constitutes a constructed, conceptual as well as a practical—in prac-
tice—boundary.

However, there is tremendous variation within both modernist and postmodernist
approaches to reproductive phenomena and considerable traffic across the vary-
ingly constructed boundaries between them, some of which | shall try to unjam. |
begin by deconstructing reproduction into its component processes, and then lay
out what | mean by modernist and postmodernist approaches to them. Next | work
some of the border problematics including the robustness of the boundary, the
simultaneity in time and space of modern and postmodern approaches, and how
the ending of the human/nonhuman distinction is being framed. While centered on
reproductive bodies, the paper has implications for thinking about bodies in general
some of which | note in concluding.

i. Deconstructing Reproduction:

In order to grasp the nature of modern and postmodern reproductive practices, we
must deconstruct reproduction into its component processes as those processes
have themselves been constructed culturally and historically by scientists, clinicians,
technologists and the rest of us. Only then can we empirically analyze the specific
concrete technical and organizational practices associated with each of these
processes across very different times and circumstances. Today the major reproduc-
tive processes or categories of study and intervention include: menstruation, con-
traception, abortion, assisted conception, pregnancy, heredity/clinical genetics,
childbirth, menopause, and male reproductive processes. In terms of organizational
and technical practices, each of these processes has been developed differently, by
different constellations of scientists, technologists, clinicians, manufacturers, con-
sumers and so on. These differences are central to my argument.

We must also deconstruct the body. When | say control over and transformation of
bodies, | am speaking of bodies in the multiple, drawing specifically on the frame-
work of the three bodies provided by Mancy Scheper-Hughes and Margaret Lock
(1987:6):

1} bodyfies] viewed as phenomenally experienced, lived individual
bodyfies)/selffves);

2] social body{ies), what anthropologists term a natural symbol for thinking
about relationships among noture, society ond culture; and

3] bodyfies) politic, artifacts (and | would odd inscriptions) of social ond
political control,

Thus my framing of the modern qua control over and postmodern qua transforma-
tion of the reproductive body is exercised across all three bodies. | would add to
Scheper-Hughes and Lock's framing that all three bodies are also economic bodies.
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That is, the distribution of resources for life are of concern individually, socially and
politically. The economics of bodies is of central concern here,

How have control over and transformation of reproductive bodies and processes
been achieved over the past century? First, the expanding legitimacy of and invest-
ment in the scientific study of reproductive processes have, in a tandem co-con-
structive fashion, supported and been supported by the legitimacy of intervention
in reproductive processes. Here representing in the "lab® is almost immediately fol-
lowed by intervening (Hacking 1983) in the field, coop, sty, pasture, operating room
and bedroom. The legitimacies of both representing and intervening in specific
reproductive processes were and remain varyingly contested (Clarke 1990a; Clarke
and Montini 1993). But technoscientific capacities for intervening have quite dra-
matically expanded from control over reproductive processes to "manipulation”
(e.q., Austin and Short 1972, 1987) and transformation of both processes and prod-
ucts. Crucially, the human/nonhuman distinction is of decreasing relevance to
reproductive and genetic scientists.

Second, individuals and collectivities of various sorts of both women and men have
sought to control and transform their own reproductive processes, sometimes
through the use of technoscientific products and other times not. It is important to
remember that attempts to control reproductive processes have likely been made
throughout human history and, moreover, many premodern as well as modern
attempts were likely more scientific (read empirical) and much more effective than
has heretofore been understood le.g., Riddle 1992; Ginsberg and Rapp 1991),

ii. Modernity and Reproductive Processes

“The body is the first ond most notural tool of man™ (Marcel Mauss in
Scheper-Hughes ond Lock 1987:6).

"You should always be in control of your tools” The Handyperson's Guide to
Household Repair 1981,

One definition of modernization offered by the National Academy of Science in
1963 is the "extension of deliberate human control over an increasing range of the
environment." Enhancing control over reproductive phenomena was of consider-
able and widespread concern much earlier in the US.—by the late nineteenth cen-
tury—embedded in ideologies of science as progress, technologies as liberatory, and
the West as leading the way into a secure future through (self/bodily) control and
careful management. This is the model of development exported then and still,

The basic social process through which modern control over reproductive processes
was and is today achieved is industrialization (Clarke 1988). Here | mean what
Harvey (1989) would call a Fordist emphasis on the production of goods, technolo-
gies, and services and their (reJorganization to achieve and enhance control. Bodies
too are organized around Fordist principles of centralized control (Martin 1992) in
terms of reproduction and more generally. Modern industrialization has occurred at
both the most public social and political levels and the most private individual lev-
els and these are inextricably enmeshed. | must note, however, that neither human
nor agricultural reproduction has been at all thoroughly industrialized, although
rationalized approaches have guided developments for over a century (Rosenberg
1979).
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familiar ways among the upwardly mobile, non-agrarian, white middle classes. One
physician said in 1903, “The fittest to survive in our civilization are the trained and
educated,” and the President of Harvard said that one should have only the number
of children you can afford to raise well (Gordon 1976:150, 153). This has become a
dominant if not the predominant ideology in the US. where children are now
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a relcommoditization. (We can no longer claim innocence,
on of the past will buy us nothing) That
is, historically (andistill children have been valued for
ir abor power as substitute and supplement to social

security and state welfare, especially for the aged and
infirm. Their labor power was commoditized. Today among
the affiuent, the velue of children may lie in different
social securities of identity, embodiment, enmindment,
achievement. This advertisement for Barbara Walters' tele-
vision show (Figure 1) is a popular culture icon of desirably
engendered and perfected embodiment as child. Beingness
is commoditized: racialized white (Frankenberg 1993),
gendered male, tal, athletic, healthy and smart (as implied
by 10).
Historically and stil, deological support for small families

rved as the foundation for the explicit application of the
concepts and technical innovations of modernization and
postmodernization to be applied to human reproduction.
But what do | mean by the term modern industrilization
of reproductive processes? Frst, it was and remains
embedded in an economic market system. Yet it is more
than the factory system, more than mass production and

an claborated division of labor. Modern industrialization is a set of approaches to
achieve o high degree of control over (reJproduction processes, including rational-
ization (segmentation of a arger process into smaller sub-parts more amenable to
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manipulation), standardization, efficiency, planning, specialization, professionaliza-
tion, commodity and technological development, and profitability (Clarke 1988).

The major initial investor in modernizing human reproductive processes through
industrialization was the Rockefeller Foundation which, through financing the
National Research Council's Committee for Research on Problems of Sex (Aberle
and Corner 1953), supported the "heroic age of reproductive endocrinology”
(Parkes 1966) between the world wars. This Committee “virtually paid for the devel-
opment of [reproductive] endocrinology in the United States during the period
when the female sex hormones were identified and clinicians began to use hor-
mone extracts to treat disease” (Reed 1984:313). In 1934, Warren Weaver, head of
the Natural Sciences Division of the Rockefeller Foundation, wrote what we might
today frame as an ode to modernity. He asked:

Can man gain an intelligent control of his own power? Can we develop so
sound a genetics that we can hope to breed, in the future, superior men? Can
we obtain enough knowledge of the physiology and psychobiclogy of sex so
that man can bring this pervasive, highly important, and dongerous aspect of
life under rational control? ... Can man acquire enough knowledge of his own
vitol processes so that we can hope to rationalize human behavior? Can we, in
short, create o new science of man?*

Weaver was comparing the rationalized control man was developing over his phys-
ical environment to hopes for such control in the future governing "man as a con-
ceiving, child-bearing, thinking, behaving, growing and finally dying organism.™
Genetics, reproductive sciences, endocrinology, nutrition, psychobiology and psy-
chology composed Weaver’s "new science of man.”

Looking at the summary chart (Figure 2), modern approaches to reproductive
processes center on control for various purposes via monitoring, planning, limiting,
bounding, setting up barriers. The means are Fordist emphases on development and
mass production of new consumer goods (e.g., commercial menstrual products);
development and mass production of new technologies (e.g., hormones, contracep-
tives, pharmaceuticals like “twilight sleep” used in childbirth); and the organization
and mass distribution of basic reproductive services including obstetrics, functional
(i.e., non-surgical) gynecology, and “family planning.” Expanding production, distri-
bution and consumption—widening, deepening and lengthening the consumer
pool—was a means of achieving those goals. Payment derived from individuals and,
increasingly, the welfare state,

One of the distinctive features of modern approaches is their universalizing ten-
dencies. They were and remain aimed at the masses while they operate, for the
most part, infon individual women's bodies. Nelly Oudshoorn (1993) recently ana-
lyzed the "one size fits all” approach to making scientific contraceptives such as the
Pill and IUD. Diversities among women from weight, height, and nutritional condi-
tion to social situation and access to health care were and are largely erased. They
are replaced by disembodied universalizing abstractions such as “woman-years of
use” and "woman-cycles.” "One size fits all” is viewed as requisite for mass distribu-
tion (see also Bell 1994),

Modern approaches focus on specific reproductive processes. Here, for brevity's
sake, | merely list these in the chronological order of application of industrialized
approaches to them: childbirth, menstruation, pregnancy, menopause, contracep-
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MODERNITY, POSTMODERNITY, & REPRODUCTIVE PROCESSES ca. 1890-1994

APPROACHES TO REPRODUCTIVE PROCESSES

MODERN

Goal: control over reproductive processes bodies
via universal technologies;

Means: Fordist emphases on

1) development and mass production of new

goods (e.g. commercial menstrual products);

new technologies (e.g9. hormones,

contraceptives];

2) organization and mass distribution of basic

reproductive services [e.g. obstetrics, functional
ntmln-gy *family planning®)

grmmtf‘tsall ap to mass product

and technology deve t

4) wniversalizing of women and technologies

Reproductive Processes focused on:

childbirth
menstruation
pregnancy
contraception
abaortion
menopause

Lived body: to be controlled (ideally across the
full life span); changes and new directions to be

Eocial b

| body: naturalized "traditional nuclear
family” to be created and maintained via
rationalized management

Bady politic: population control via
contraception; enhanced legitimation and
legalization of interventions in reproductive
ProCesses,

POSTMODERN

Goal: transformotion of ﬁ'
for a vaniety of often hlghhr lowcal,
individual, and il‘l':-rtnmttd goals,

Means: emphasis on flexible accumulation via

1) elaboration of specific services (rejorganized
for selectively targeted delivery:
infertility services
sex preselection services
fetal treatments and surgeries
2) elaboration of specific services [rejorganized
for mass delivery toward targeted
individuals{families:
etic it'r:tmng and counseling
tal m:tm m.m:img
3] individually ta technological
alternations
4] differentiation of women, men and
technologies

Reproductive Processes focused on
conceptionfinfertility

ﬂtr:dltﬁn:lmul genetics
male reproduction

Lived body: to be transformed and

customized/manipulated: cyborg with “tallor-

made specificities”

Social : transformed andfor reconstructed

heterogeneous “families” with new meanings for
nder, mother, father and fami

ﬂ: her) via

iological/socialfsurrogate/do
constructing cyborgs

Body politic: “deconstruction of motherhood™?
*family” as a new industry/market and poli
niche; sureeillance strategics; the state con

cyborgs

Note: simultaneity of premodern, modern and postmodern approaches sustained through present moment

Fig. 2

tion, and abortion. Each of these modernist processes is framed and experienced in
the three bodies. The modernist lived body is to be controlled and changes are to be
planned. Ideally control can be exercised across the life course from birth through
menopause (Clarke 1990b). For the modern lived body is Elias's (Duden 1991:14; see
also Bordo 1993; Glassner 1990) self-controlled body. It is not an unchanging body,
but rather changes derive from the exercise of individual willpower to shape that
body (Crawford 1985), rather than application of technoscientific transformatives—
one shot cures. There is a low-tech vigilance requisite for the modern body to be
maintained (in contrast to high-tech postmodern transformations).

The modern social body is the traditional heterosexual nuclear family, maintained
via an array of management efforts (e.g., Banta 1993). That is, exertion of control
over reproductive processes is framed in terms of achieving the ideal nuclear family
in as safe and secure as possible fashion. The major technical innovation of moder-
nity in terms of the social body lay in the area of contraception, for the goal is
smaller and planned/controlled families. This goal is not necessarily shared across
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the diversities of class, race and culture, but it is ideologically pervasive. The means
of achieverment here disaggregate/disassociate sex from reproduction. Thus (het-
ero)sexuality was/is framed or assumed to be ubiquitous and, quite radically, was
NOT to be the focus of control. In Adrienne Rich's (1992) terms, heterosexuality was
"compulsory.” However, sex need not be resisted and only certain consequences of
sexuality are to be controlled: pregnancy and sexually transmitted diseases.

In terms of the body politic, modernity is centered on population control via con-
traception and enhanced legitimacy of intervention in reproductive processes.
Initially the legality of exercising control over some reproductive processes needed
to be established. For example, in the U5. the legality of contraception was not
guaranteed nationally until a 1966 Supreme Court decision (Griswold versus
Connecticut). In 1970 contraceptives were taken off the obscene devices list of the
Comstock Law. Not until 1972 did the Supreme Court guarantee the unmarried the
same right to contraception as the married. The U.5. Agency for International
Development began distribution of contraception in 1963; shortly after this
President Johnson's *War on Povery” (which poverty won) allowed a local option
policy for publically-funded family planning services (Reed 1984:377-8).

Let me note here that both the social body and the body politic seem to drag their
heels in terms of modern control over reproduction. Also, modern approaches are
sustained through the present postmodern moment.

iil. Postmodernity and Reproductive Processes

“The body is the first and most natural tool of man™ (Mauss cited in Scheper-
Hughes and Lock 1987:6).

“If it is not "the right tool for the job’ practices can be devised to make it the
right tool™ [Casper and Clarke, 1990).

Let me return here to Hartouni's (1992:30) analysis of the two headlines about the
brain-dead mother and the orphan embryos:
Conceptuolly, both heodlines produce o kind of mentol ostigmatism; meonings
temporarily blur, lose definition, appear distorted, and are resolvable only with
some sort of conceptual retraining or adjustment. They require us fo do
conceptually, it seems, what lenses would do optically ... But just as lenses

may enable us to see the world, they also transform the world we see .. The
headlines .. engoge us in the making of [the world]...

| am asserting that the world to which she refers is postmodern. In postmodernity,
specific reproductive processes are transformed for a variety of highly local, indi-
vidual and heterogeneous goals. The reproductive body is transformed by cus-
tomizing, tailoring, re/de/sign/ing. The means of achievement emphasize late
twentieth-century approaches which Harvey (1989) calls flexible accumulation via
two overarching strategies. First is the elaboration of specific services (reJorganized
for selectively targeted delivery. Here we find infertility services aimed at those
who can afford them; sex preselection services aimed at those who can afford
them and at specific cultural groups constructed as desirous of such services
(Thobani 1992); and fetal treatments and surgeries likely to be aimed at those who
can afford them. Fetal research and treatment sponsors may focus on the state as
well as a source of funds for both research and service delivery (Casper 1994b).
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Fig.3
Signe Wilkinson,
Phildelohio
Daily News

The second strategy is ultimately centered on case-finding. It involves the elabora-
tion of screening protocols (reJorganized for mass delivery to locat

for specific Here we find genetic
screening and counseling seeking problemalized hereditary taits, and fetal screen-
ing and counseling seeking both hereditary and congeniital problems for fetal
treatments. In postmodernity, capital has fallen in love with difference.

The rep 5 d assisted
conception and infertiity treatments, e “new” reproductive technologies, only
recently widely available in the US in terms of both mnnolog-c«l innovations and
organized v’ Earler there

and only almited though constant distribuion market for such services (e
Corner, 1957; Kelly, 1928; American Foundation, 1955). The “new” tech-
niques include artificial insemination (AI) available on a
limited basis since the 1930s* in vitro fertilization (IVF),
embryo l.ransfer
(ET).

ll
transfer (&FTJ
and an array of

hormonsl snd
other infertility
treatments. While
most were pioneered in
the 1930s in animal agri
culture (Biggers 1981;
1984; 1987), 2 1955
assessment of the infer-
tiiy feld (American
Foundation, 1955:137)
found that “literal appii-
cation of the results of
animal research to correction of human nfertilty has been thus far disappointing.”
This is no longer the case as whatever boundaries between reproductive agriculture
and medicine existed collapse (Austin and Saort, 1987).

Helping make babies when none was thought possible is miracle medicne. Unlike
services to prevent (at least some significant proportion of) infertiity n the first
place (such as sex education, STD education, appropriate birth control education,

nd 50 on), current infertilty research and services are high-tech, "cutting edge’
biomedicine. They are also what has been called "boutique medicine"~medicine
mostly for the wealthy—as most such procedures are not covered by private health
insurance much less by Medicaid.” The term "boutique medicine” also gets at the
specialty “tailor-made” specificities of such cyborg services. Ruzek (1988) has found
a continuity of focus since the nineteeth century on ensuring that middle and
upper-class women do have children, and we can see the ‘new reproductive tech-
nologies” as sustaining such concerns.

In is the focus of an y of new sur-
eilance technologies (3, Terry 1988; Sarworth 1987), ncucing etal suveil-
lance related to potential surgical interventions in utero (Casper 19943, b, 1995).
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We saw in modern approaches the universalizing of women and their bodies so
that "one size fits all.” In the postmodern lies the moment of the disembodiment of
women,. Pregnant women's bodies are erased to make way for the one true
person—the fetus (e.g., Petchesky 1985, 1987; Duden 1993; Casper 1994a). Heredity
is also increasingly addressed via clinical genetics (Beeson 1983; Paul 1993; Wertz
and Fletcher 1987). Male reproductive phenomena are now being increasingly
studied and a medical specialty, andrology, has emerged focused on nonspermatic
functional physiology (Pfeffer 1985). Sperm banking is organized around the con-
struction and maintenance of male difference (Moore and Schmidt 1994).
Reproduction in outer space is also a focus of concern (Casper and Moore 1995).

The postmodern lived reproductive body is transformed, manipulated, custom-
ized—often involving the creation of cyborgs with what Emily Martin (1992) has
called "tailor-made specificities.” The postmodern lived body is neither stable nor
singular. Like multiple selves and appearances, it is transformed and transformable
(e.g., Finkelstein 1991; Bartel 1988; Bordo 1993). It is cyborg, described most hope-
fully by Haraway (1992a) as a body with "prosthetic devices, intimate components,
friendly selves, an aspect of our embodiment.” Cyborgs flexibly accumulate desired
characteristics and capacities as Hogle (1994a,b, 1995) points out, and can delete
the undesired. Bodies are customized—to fit fashion and to fit (rejconstructions of
“family” or other framed goals via reproductive technologies. Postmodern bodies
can shapeshift. In many cyberspace games, players are invited to configure their
bodies and identities themselves from a selection of parts. In some games the most
interesting body parts cost more. Art reflects life."

Analytically here we need to see the postmodern lived body not only in terms of
reproduction but across its many contexts. The [manipulated] body is
social performance—performance art in all its temporali-
ty. Bodily modifications flow across many zones. Once one is breached then others
seem to follow. For example, a significant proportion of women who have breast
implants for cosmetic reasons proceed to have face-lifts and so on downstream
(Bordo 1993; Wepsic 1993). Plastic surgery has been called psychiatry by other
means (Haiken 1992; and see Goldsmith 1993), and is certainly pervading a much
wider market (e.g., Japenga 1993; Balsamo 1992). It is now about a $1.75
billion-a-year industry in the U5, with about 1.5 million people per year undergo-
ing plastic surgery of some kind (Bordo 1993:25).

But we need to note that the manipulation of body parts and the creation of
cyborgs also includes many kinds of transplantations, joint replacements, implanta-
tions, coronary bypasses, angioplasties, and so on. Linda Hogle (1994a,b, 1995), who
is studying the procurement of biological materials for transplantation and research,
discusses how body parts are becoming widgets—standardized items to replace as
needed—or desired. Her research focuses on how the organization of procurement
and delivery has itself been transformed from an altruistic patient service provided
by tertiary hospitals to an increasingly international for-profit market-based indus-
try. Technical developments are centered on preservation of the materials for trans-
portation, such as fast acting liquids for freezing the contents of the entire
peritoneal cavity while the family can then be asked to donate organs. Workers used
to sell their labor, a supposedly renewable resource, but now at least in Egypt they
are also selling their organs—assuredly non-renewable (Hedges 1991). Animal
organs—such as baboon hearts=have also been used and transformed for use.
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Thus our conceptualization of cyborg needs to be revised. We have had a
human/technology continuities model which needs to be augmented with
human/technology/human models (denoting technological mediations among
human body parts, some of which were not born together) and human/technolo-
gy/animal madels as well. We also need to begin thinking about some of the impli-
cations of these new models for manipulating reproduction. When will there
be transplantable wombs and fallopian tubes? Which
women'’s bodies would seem most likely as donors of
wombs, tubes, life? Will families be approached to donate
whole brain-dead women’s “living cadavers” to serve as
free-standing wombs to be implanted via IVEF?
Postmortem maternal ventilation has already been ethi-
calg' justified (Elias and Annas 1987:261)." Will {ree-standing
technoscientific wombs be cyborgs? Will baboons or other primates
be used for gestating selected humans instead, bred specially for such purposes?
Keller (1989) has argued that artificial wombs will be developed because of their
appeal to a great variety of interests—including those of some women as well as
scientists and those romantically involved with eugenics (e.g., Kevles 1985).

In postmodernity one goal is to transform the currently lived body into the desired
lived body aligned with a desired social body. The social body can also be trans-
formed and/or reconstructed multiple times with new meanings for mother, father
and family (biological/socialfsurrogate/donor/other). Certainly the discourses and
vocabularies of kinship in the U.S. and other Western countries have been under-
going dramatic elaboration. Postmodern social bodies can be "designer” "families,”
“artificial families” (Snowden and Mitchell 1981), or postmodern fragmented fami-
lies [Stacey 1990). We can view the "family” as a new industry/market niche
(Strathern 1992). Chico's (1989) study of the letters people wrote ingquiring about
sex preselection in the U.S. found a strong conceptualization of the "tomplete [het-
erosexual] family,” minimally including children of both sexes and sometimes much
more delimited. Transformative technologies now permit a much wider range of
such designed or engineered conceptualizations, and people also create new fami-
lies from diverse communities—such as the houses of voguers in the film Poris is
Burning by Jenny Livingston. Designer cats and other pets are under construction,
opening the concept of family more clearly to the nonhuman (Rowland 1992).

Postmodern familial design capacities allow a new disaggregation. If in the modern
framewaork, heterosexuality could be set free from its reproductive consequences, in
the postmodern frame, gender, sex and sexuality can all be disaggregated from
reproduction. For example, there was a billboard in 5an Francisco of two women
standing close together, one pregnant and the other with a hand on her belly. The
caption was, "Another traditional family." One possible reading is that it honors
Roberta Achtenberg, a leshian San Francisco Supervisor nominated and approved
for a post in the Clinton administration, the first "out lesbian® to go through U.5.
Senate confirmation hearings. She is *married” to a judge and they have one child
(Lynch 1993a, b). They too constructed their version of a complete family.

In terms of the body politic, on the critical end, postmodern reproductive technolo-
gies can be implicated in the "deconstruction of motherhood” (Stanworth 1990), to
the disadvantage of women. Yet others [e.g., Casper 1995, 1994a,b) assert that both
de/ and ref/constructions occur—that the former imbricate the latter. Certainly we
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are seeing the privatization of the costs of achieving a "complete family” if new
reproductive technologies are needed. Also, the “deconstruction of motherhood”
requires legal and political (re)interpretations (e.g. Cohen and Taub 1989;
Blankenship et al. 1993), since even doing the census is affected. Politically we
know that surveillance strategies will be utilized. To date, it is largely poor women
and women of color who have been surveilled (Terry 1988); but will other women
as Rowland (1992) has noted, perhaps especially elite women [Ruzek 1988),
become the objects of intensive surveillance as they are already the marketing tar-
gets for "new” reproductive technologies? How will nation-states address which
kinds of cyborgs? Whofwhat will need a passport? Or will cyborgs [continue to]
float unrequlated and flexibly accumulating, micro-versions of multinationals?

In sum, I believe we are just moving into postmodernity
regarding reproductive processes and that social bodies and
bodies politic are the laggards. These domains will also be sustained sites
of major contestation. One rationale articulated for the desirability of transforming
individual bodies is that it is easier to change the individual than to change
society—our social and political frames of action (Haiken 1992),

V. Porcus Boundariss/Border Crossings

Now that | have created something of a master narrative, | can begin to problema-
tize and deconstruct it. First, a core argument of this paper is that what is "new” in
the “new” reproductive technologies is recognition of their transformative capaci-
ties. What they are transforming is conceptions of what it is to be human, male,
female, reproductive, parent, child, fetus, family, race, and even population. That is,
the “new” reproductive technologies in their postmodern splendor are constitutive
of what Paul Rabinow (1992:8) termed the remaking of life itself. | have chosen to
"name” modes of control over reproductive phenomena "modern,” and modes of
transformation of reproductive bodies and relations “postmodern,” and | find this
effectively captures an important distinction. But it is the distinction that is most
important, especially the economics of the distinction—the shift from Fordist mass
production and distribution to targetted niches for flexible accumulation.

For modern approaches, race is the tacit trope and racism as sets of practices live,
for example, in the technologies of contraception created and in the uneven,
unequal and unjust techno-organizational mechanisms of their distribution (e.g.,
Rutherford 1992:267). For postmodern approaches, class is clearly and commonly
involved for the "new reproductive technologies™ are mostly very expensive, usually
uncovered by private or state health plans, and also very unevenly distributed (e.g,,
Giminez 1991). Yet both race and class can be manifest in both and, of course, gen-
der is everywhere implicated.

My second key boundary crossing point concerns the simultaneity of premodern,
modern and postmodern approaches to reproductive processes. Modern modes of
control over reproductive processes as | have framed them are requisite for and
generally presumed by postmodern approaches which transform reproductive
processes and bodies. There is an historically cumulative but not exclusive relation.”

Third, one of the major distinctions of the western enlightenment has been the
planet-wide distinction between humans and everything else (the nonhuman), a
dualism which has been defended vociferously, including contestation regarding
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who/what counts as human, often posed in terms of race. Elsewhere™ | discuss at
length some of the problematics of how the collapse of the distinction between
the human and nonhuman is being framed and addressed, including the work of
Haraway (1989, 1992b], Latour (1993), Casper (1994a) and my own studies of
American reproductive sciences. What the collapse makes visible is a stunningly
heterogeneous array of cyborgs and hybrids, along with the vulnerabilities of other
co-habitants. The implications of this collapse for matters of ongoing life, especial-
ly reproduction, are momentous and need to be addressed.

Vi. Conclusions

Reproductive technologies must be understood not only within the broader struc-
tural context of the postmodernization of human reproduction but also within
their more immediate contexts of service delivery—medicine and other biomedical
technologies. The comparative question is whether the development of such new
reproductive technologies is fundamentally different from other medical technolo-
gies—or do they fit the same basic pattern? | would argue for both positions. First,
new reproductive technologies are different because most have been so deeply tar-
geted at a select subset of only half the population—women. They are exceptionally
highly gendered cyborg makers. Second, they are like other medical technologies in
that they enhance control over human life and death. The means are very sophisti-
cated technologies which permit successful intervention at the individual level
—classic late capitalist Western biomedicine qua privatized "boutique medicine”
(e.q. Roth and Ruzek, 1986; Riessman, 1983). Like other medical technologies in the
.S, these have been relatively unregulated (e.g. Blumenthal, 1983), although this
may change (Eichler 1989).

The modern/postmodern model seems to me to hold water/hold meanings but
requires futher exploration of actual conditions of concrete practice and applica-
tion. | would argue that one major social issue continues to be the overall legitimo-
cy of intervention in reproductive processes. Another controversial issue concerns
access to interventions. who decides who uses which means of control and under
what conditions? There has been considerable coercion in the U5, and elsewhere
around modernist approaches. There are also resistances for many reasons—against
genocidal activities, against racism, against the wanton distribution of unsafe
drugs and technologies, and so on (e.g., Arditti et al., 1984).

Postmodern approaches are vividly portrayed but are not yet very common prac-
tice. Selective distribution and the need to "afford™ them limit access. Yet there also
seem to be moments of possible coercion here—=such as convincing women to
endure the rigors of IVF or forcing mothers of prospective fetal patients to undergo
multiple surgeries and literal confinements—which will lead to contestation. There
is also the risk that people will be inadvertently enrolled by such technologies
because of the "revolutionary”™ hype surrounding them. On the one hand these
technologies can bestow pomo chic." Yet on the other hand a retreat into what
Haraway termed organicist romanticism is also dangerous.

But | anticipate even more intense debate about the legitimacy of transformations
enabled by these technologies: it is not only lived bodies but also social bodies
which will require changes in the bodies politic to make these postmodern trans-
formations “practical.” Mary Douglas (1966) noted many years ago that things that
fall outside cultural systems of classification are often perceived as dangerous
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abominations. Certainly postmodern reproductive lived bodies, social bodies and
bodies politic are and will likely continue to be so perceived by at least some seg-
ments of society.

We have already reached a fundamental crisis in the West regarding death. How
will we redefine life, human/nonhuman boundaries and cyborgian/hybrid continu-
ities with respect for the nonhuman and the otherfonce-human? Along the way we
must come to better understandings of how nature, life, justice and reproduction
are co-constructed, co-constitutive. Reproduction has been, is, and will in all likeli-
hood continue to be charged with intensifying politics of hope and despair, plea-
sure and danger for individuals, collectivities and societies. It is a site worthy of our
sustained concern.

1. This paper is an abstracted version of one slated to appear in Making Sex, Fabricating Bodies: Gender
ond the Construction of Enowledge in the Biomedical Sciences, edited by Joan Fujimura and Anni
Dugdale. It is dedicated to the memories of my colleagues Barbara Rosenblum and Anna Hazan who
helped me with a much earlier version in a writing group. | want to thank Kathy Charmaz and Manlyn
Little (the other members of that group), Carol Conell [my faculty sponsor in the NIMH Postdoctoral
Program in Organizations and Mental Health at Stanford University which provided early support), Joan
Jacobs Brumberg [formal discussant of the paper at the Conference “Between Design and Choice: The
Social Shaping of New Reproductive Technologies® sponsared by the Department of Science and
Technology Studies, Cornell University], Carolyn Acker, Susan Bell, Monica Casper, and Peter Taylor for
detailed l;'q]rnm:nts. The Rockefeller Archives provided access to important data for related projects [Clarke
1985/1995].

2. A most provocative discussion of “control® is offered by Vanderwater (1992); see also Digon-Muelber
(1993) on reproductive rights in developing countries.

1. Ginsberg and Rapp (1991) provide an important overview of recent work on the demographic transition
which argues that it is not universal, and that there are a variety of transitions locally determined by eco-
nomic as well as cultural and historical phenomena. See also Horn [1991).

4, This is from a Progress Report to the Board of Trustees in support of his program for sponsoring scien-
tific research (Kohler, 1976:291).

&, Quoted in Kimmelman [1983:68]; from Weavers paper on “The Science of Man,” 29 November 1933, RF
1.915.1.6. Max Mason of the Rockefeller Foundation went on to note that much of sex research had real
social applications and could be effectively coupled with work done in sociology. Mason was also quoted
in Kimmelman [1983:68): from Max Mason's diary, 2 September 1929, RF 1.1.216.8.103.

6. Certainty up to World War 11, and in many areas after it, the Rockefeller Foundation was the primary
funding source for such scientific research—including the psychology of sex (Aberle and Corner, 1953,
Abir-Am, 1982; Hall, 1977, 1974; Kay 1993; Kohler, 1976, 1978). A strong focus of the Rockefeller and
other foundations was from the outset on the applicability of research to sobving human problems [Kohler,
1991) which Kay (1993) interprets as seeking science-based mechanisms for social control,

7. Crowe (1993) presented an excellent analysis of premodern, modern and postmodern framings of infer-
tility in terms of rhetarics about the individuals, who is construed as the patient, and %o on.

B. We might argue that Al was not "appreciated” as the radically socially transformative technology it now
is understood to be. Mote the lateness of policy debates about it in Sweden and England, for example
[Liljestrand 1990; Mulkay, 1993).

9, The term "boutique medicine” was used by Uwe Reinhardt (Eakins 1987),
10. Thanks to Sandy Stone for this point, and to Alex Pang for its generalizability,
11. Casper [1993) provoked my thoughts on this wonderfully.

12 In contrast, Martin (1992:121), focusing on bodies, asserts the end of one kind of body and the begin-
ning of anather. | plan to discuss the premodern approaches in subsequent work.

13. This discussion is in the much longer version of this papeér; see footnote 1.
14,1 thank Peter Taylor for this insight.
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3.2

Barney B. Clark, DDS
A View From the Medical Service

F. Andrew Gaffney, MD, Barry J. Fenton, MD

Very few people within or outside the medical profession failed to follow
the saga of the courageous and dedicated Barney B. Clark, DDS, the world’s
first recipient of a mechanical heart implantation. Dr Clark suffered from
end-stage congestive cardiomyopathy but, because of his age and overall med-
ical condition, was ineligible for heart transplantation. The preoperative psy-
chiatric evaluation of this patient and his family, along with a detailed descrip-
tion of Dr Clark’s postoperative course ending with his death 112 days later, is
provided in this issue of the Archives by Berenson and Grosser.! The heroic and
noble efforts of Dr Clark and his family have been superbly detailed and many
interesting questions about assessing the severely ill patient have been raised.
Although the focus of their case report was to have been the process by which
the patient was selected for this well-publicized experiment, it is their prob-
lems surrounding the psychiatric assessment of a seriously ill medical patient
that prompt this discussion.

Dr Clark’s preoperative examination was compromised by his generally
debilitated state, and many of the formal tests commonly used to screen for
organic brain dysfunction were not performed. Nonetheless, Dr Clark’s prior
episodes of unconsciousness and hypotension during periods of recurrent ven-
tricular tachycardia probably produced some neurologic damage.* The relevant
questions preoperatively were as follows: (1) Could Dr Clark give an informed
consent? (2) Once given, would and could he cooperate with his physicians in
their experiment? The first question has been discussed widely without reso-
lution;** the second guestion is answered by this case study, although the mean-
ing of the word “cooperation™ may still be debated. The problems that limited
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the authors’ preoperative evaluation played an important role in the patient’s
postoperative course as well.

A situation analogous to that faced by Drs Berenson and Grosser is often
seen by internists or cardiologists. The authors asked Dr Clark's family about
any change in his mental function, but such changes often occur slowly in
patients with end-stage heart disease. This slow deterioration tends to lessen
the awareness of disability for both the patient and his family. Only by careful,
specific questioning about the patient’s activities and level of functioning in
the past can one really determine what changes have occurred.

Similar pitfalls exist in interpreting clinical tests in these patients. Tests
of baseline function provide little information about how an organ or system
will function during stress. For this reason, many of the tests commonly used
in medicine involve some form of stress. In cardiology, the method of stress test-
ing varies according to the patient’s condition and their ability to exercise.
Pacing of the heart or the administration of drugs that increase the heart rate
are sometimes used in patients who are unable to exercise. With these tests,
one is usually able to estimate the functional state of the cardiovascular sys-
tem and its reserve capacity. It is likely that, prior to being considered for
surgery, Dr Clark had lost considerable brain reserve. The psychologic stress
of a long and debilitating illness, severe congestive heart failure, and the phar-
macologic agents used to treat this condition could have, alone or together,
caused Dr Clark to be delirious at times prior to surgery.” Neuropsaychologic
testing would have been useful to assess this loss of brain reserve. The authors’
assessment that Dr Clark was too ill to undergo formal peychiatric testing
strongly suggests that there was very little functional or reserve capacity pre-
sent for handling stress. It is not surprising that Dr Clark’s psychiatric course
was as stormy as his medical one.

The multiple reasons for Dr Clark’s prolonged confusional state after
surgery are discussed by the authors. The neurologic problems surrounding
prolonged cardiopulmonary bypass (over four hours in this case) were well
reviewed and consist mainly of cerebral injury due to a variety of embolic
sources including air, platelet aggregates, and foreign bodies from the perfu-
sion apparatus itself. Dr Clark was said to have had an adequate cardiac output
since this could be “chosen” by setting the pump at the desired level.
Unfortunately, this does not guarantee an appropriate distribution of the car-
diac output once it leaves the heart. It is impossible to determine whether cere-
bral perfusion and oxygenation were high, low, or normal, given the coexistence
of acid-base problems, chronic hypercarbia, uremia, anemia, sepsis, and multi-
ple transfusions. All of these factors could affect cerebral blood flow as well as
oxygen and nutrient transport across the blood-brain barrier. However, Dr
Clark’s mental status probably reflected his grave overall condition and not
simply “hypoperfusion.”

Patients with multiple medical problems and confusion are common in med-
ical intensive care units.? In fact, it would be unusual to find an alert, oriented
patient as ill as Dr Clark was.” Peychiatrists are rarely, if ever, consulted for
such patients, since a confused, or at least poorly alert patient, is considered
“normal” in an intensive care unit setting. Focal neurologic findings, or seizure
activity, as in this case, would probably produce a neurclogy consultation. A
hemiparesis or dysarthria may represent a new stroke; but it is sometimes only
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the reappearance of an old deficit in a patient who can no longer compensate for
what may have been subtle clinical deficits prior to the stress. Patients who
are minimally compensated prior to stress can be expected to do worse with
stress, whether their problem is diabetes, ischemic heart disease, an old stroke,
or a mild organic brain syndrome.

The magnitude of stress in this case has probably been substantially under-
estimated by both the surgeons who often view their procedures as “routine”
and the authors who may not have been involved in the hour by hour care of the
patient. The “half hour surgical procedure” on the third day was a thoracoto-
my performed with Dr Clark under general anesthesia, followed by prolonged
endotracheal intubation. The “emergency surgery procedure that was per-
formed for repair of a fractured mitral valve” was another thoracotomy. A tra-
cheostomy that was performed for the relief of continued respiratory distress
probably required the administration of more anesthetic, and produced more
pain, an inability to speak normally, and connection to another machine.
Additional insults included significant epistaxis requiring nasal packing, and
hemarthrosis, usually painful bleeding into the joint. The surgical teams’ accep-
tance of Dr Clark’s confused state as “normal for the situation” was evidenced
by their decision not to honor the patient’s expressed wish to die. Not men-
tioned in this case report is the fact that hospital officials also considered Dr
Clark to be mentally incompetent. Mrs Clark signed all of the consent forms for
implantation of the artificial heart."

The exact link between severe psychologic and physical stress and
decreased alertness in critically ill patients is unknown and probably multi-
factorial. One can, however postulate a patient’s withdrawing to conserve ener-
gy in such a situation." Despite these tremendous complications Dr Clark
showed his remarkable resilience and characteristic adaptability in a number
of ways, both physiologically and psychologically. The problems that were asso-
ciated with the use of the mechanical heart were largely overshadowed by the
other medical problems, but some interesting observations were made. The
inertial forces associated with such a device are substantial and cause the
patient’s entire body to vibrate with each “heart” beat, similar, but lesser, vibra-
tion occurs in everyone, but it is sensed normally. However, persons with nor-
mal vision who wear prism glasses that reverse the usual right-left orientation
of the visual field become aware of each cardiac pulsation and complain of it just
as Dr Clark did Charles Oman, PhD, Cambridge, Mass, Massachusetts Institute
Technology, personal communication). Likewise, with time these people readapt
and are again unaware of their heartbeat. Dr Clark’s decreased awareness of his
body’s vibrations was not due to an abnormal mental status, but was an appro-
priate adaption, thought to be a function of the vestibulo-ocular system. Dr
Clark’s attempts at humor about his “machine” are a further example of his
adjustment to a new stress. His personality and the basis for commitment clear-
ly aided him throughout the vicissitudes of his clinical course.

The patient eventually died of sepsis. An autopsy shows only mild athero-
sclerosis (his heart disease was not due to atherosclerosis) and multiple microin-
farcts of the brain. Neither the location of the microinfarcts nor their extent
totally explain Dr Clark’s mental status. In fact, there is no real explanation for
Dr Clark’s mental status change except that he was critically ill for a prolonged
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period, profound changes in mental status are commonly found that setting. One case
provides insufficient data to develop implantation selection and screening criteria as
Drs Berenson and Grosser had hoped. Their suggestion that a less ill patient “would
have been a better choice” is true, but does not address the fact that a less ill patient
probably would not have been considered for the implantation at all, given the current
state of development. Hopefully, any remaining controversy in this particular case will
be focused on the procedure, and not on the man.

Accepted for publication July 24, 1984,
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Artificial Heart and Assist Devices

Directions, Needs, Costs, Societal and Ethical Issues

Robert L. Van Citters, Catherine B. Bauer, Lois K. Christopherson, Robert C.
Eberhart, David M. Eddy, Robert L. Frye, Albert R. Jonsen, Kenneth H.
Keller, Robert J. Levine, Dwight C. McGoon, Stephen G. Pauker, Charles E.
Rackley, Vallee L. Willman, and Peter L. Frommer

Working Group on Mechanical Circulatory Support, National Heart, Lung, and Blood Institute,
National Institutes of Health, Bethesda, Maryland, USA.

Abstract: A Working Group appointed by the Director of the National
Heart, Lung, and Blood Institute (NHBLI) has reviewed the current status of
mechanical circulatory support systems (MCSS), and has examined the poten-
tial need for such devices, their cost, and certain societal and ethical issues
related to their use. The media have reported the limited clinical investigative
use of pneumatically energized total artificial hearts (which actually replace
the patient’s heart) and left ventricular assist devices (which support or replace
the function of the left ventricle by pumping blood from the left heart to the aor-
ta with the patient’s heart in place). However, electrically energized systems,
which will allow full implantation, permit relatively normal everyday activity,
and involve battery exchange or recharge two or three times a day, are cur-
rently approaching long-term validation in animals prior to clinical testing.
Such long-term left ventricular assist devices have been the primary goal of
the NHLBI targeted artificial heart program. Although the ventricular assist
device is regarded as an important step in the sequence of MCSS development,
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the Working Group believes that a fully implantable, long-term, total artificial
heart will be a clinical necessity and recommends that the mission of the tar-
geted program include the development of such systems. Past estimates of the
potential usage of artificial hearts have been reviewed in the context of advances
in medical care and in the prevention of cardiovascular disease. In addition, a
retrospective analysis of needs was carried out within a defined population. The
resulting projection of 17,000-35,000 cases annually, in patients below age 70,
falls within the general range of earlier estimates, but is highly sensitive to
many variables. In the absence of an actual base of data and experience with
MCSS, projection of costs and prognoses was carried out using explicit sets of
assumptions. The total costs of a left ventricular assist device, its implantation
and maintenance for a projected average of 4% years of survival might be approx-
imately $150,000 (in 1983 dollars). The groas annual coat to society could fall in
the range of $2.5-35 billion. Ethical issues associated with use of the artificial
heart are not unique. For individual patients these relate primarily to risk-ben-
efit, informed consent, patient selection, and privacy. However, for society as a
whole, the larger concern relates to the distribution of national resources. Issues
of primary importance to clinical investigation have been examined and spe-
cial guidelines for the clinical investigative phase of artificial heart research
have been set forth. The Working Group believes that, except as part of NHLBI
research protocols, public funds should not be available for clinical use of MCSS
until their clinical effectiveness and reasonable cost-effectiveness are demon-
strated. The Working Group affirms the position of the 1973 panel in estab-
lishing “medical” suitability of the recipient (which is more complex than sim-
ply medical characteristics) as the primary criterion for decisions regarding the
distribution of this costly and scarce resource. However, it is the judgment of the
Working Group that cost and cost-effectiveness are legitimate considerations
in entitlement and reimbursement decisions. The issues of cost, distributive
justice, and patient selection are not unique to artificial heart and ventricular
assist device development, but highlight the need to direct attention to the
issues often associated with increasingly complicated medical care.

Roceived June 1885

Address correspondence and reprint requests to Dr. P L. Frommer, National Haart; Lang, and
Blood Institute, Bullding 31, National Institutes of Health, Bethesds, MDD 30883, U.B.A.

Reprinted from NIH publication 85-2723, with minor stylistic changes, &.§.. retitling the
Executive Summary as Absiract, renumbering the references, and numbering the footnotes.
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Artificial Liver
Present and Future

Abstract: Early in 1956, the first model of a biological artificial lver, using a live
dog'sliver incorporated in  cross-hemodialyzer, was placed in an experimental
animal with portocaval encephalopathy. This “biological artificia liver” a hybrid
liver in the mm I:rminn\ngy, was the firstin the world. In October 1958, the
first joung male patient in to liver crrhosis,
was placed on the becmnrv -made biological atifcial liver composed of cwv

hepatic reactrs” or ammonium adsorption and acid-base ualance were zddmon-
ally equipped. Ths first case was very successful,resulting in the patient’s recovery
from coma. This article introduces the past history of the artficial liver, research of
which has mainly been conducted in Japan since the early 1950s by the author, M.
Mito, and Y. Nose. Until recently, itte progress Fad been made in this field through
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the application of blood purification principles such as hemoadsorption, plasma-
pheresis, and other modifications and combinations. Accumulation of clinical expe-
riences with such conventional methods has stimulated the third generation of the
artificial liver to a return to a hybrid organ applying modern science and technolo-
gy. A concept of hybrid organs in comparison with organ transplants is introduced.
The Japanese national project of developing a new artificial liver system, as con-
ducted by the author as the chairman and his associates, is introduced.

The artificial liver research of Yukihiko Nosé, Michio Mito, and the author started as
a dreamful challenge in Japan in the early 1950s.

Early in 1955, the author, during his first year as a surgical resident at the
University of Tokyo Hospital, had a sad experience with a middle-aged woman who
had fallen into a deep coma due to postoperative hepatorenal syndrome compli-
cated with jaundice and anuria. This patient, who had shown some recovery from
anuria and temporarily from coma following repeated hemodialysis, had died.

Because this case was the first case of a patient treated with an artificial kidney in
Japan, it was an impressive but also disappointing experience. However, it inspired
the author toward the further development of artificial liver supports. Until the
first model was applied to an experimental animal with portocaval encephalopathy
one year later in 1956, the name artificial liver had not existed.

In October 1958, the first laboratory-made biological artificial liver was placed in a
20-year-old male patient in hepatic coma due to cirrhosis This artificial liver was
composed of four units of parabiotic cross-hemodialyzers connected to the hepatic
circulation of a live dog, each with the hepatic reactors of pretreated ion exchange
resin columns for ammonium adsorption and acid-base balance. This first applica-
tion, 55 minutes in duration, resulted in a dramatic recovery from Grade 4 coma.
Later, two more patients were placed on the biological artificial liver. These cases
were reported by Professor Kimoto at the 1959 annual meeting of the American
Society for Artificial Internal Organs held in Atlantic City.' These first cases of the
clinical application of an artificial liver were also the first artificial organs with
complex functions. In the early 1960s, there were two groups studying the artificial
liver in Japan, or for that matter in the world: one group in Tokyo (M. Hori) and the
other in Sapporo (M. Mito and Y. Nosé). Both groups worked on a hybrid artificial
liver in different ways.

In the history of the artificial liver there have been three streams of development:
the biological, the artificial, and the combined hybrid approaches (Table 1).

To the present, a purely "artificial” liver has been impossible to realize even with the
most advanced science and technology available. According to the accumulated
experiences, artificial blood purification technigues in patients in hepatic coma
permit the return to consciousness in many cases, but do not save the life of the
patient. It has become very clear that not only the purely passive functions such as
plasma separation, adsorption, and dialysis are needed; but also some metabolic
function derived from hepatocytes or liver tissue in order to relieve the toxic or
deficient conditions of the brain and of liver regeneration is needed, as well as the
addition of both known and unknown substances to the patient (Table 2).
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To date, and probably until the 21st century, we will have to depend on the biologi-
cal components to solve the difficult problems. Thus, an integration of "artificial®
and “biological® elements is needed for the artificial liver (Table 3).

Because it is not possible to play the “almighty” in the development of a complete
artificial organ whenever a difficulty is encountered, a way must be found to apply
the concepts and specific technologies of a hybrid system. Technology is oriented
in the development of the blood detoxification apparatus, biological structures
(from whole body to molecular components), and the interface between the two.
As for the biological components, the source, procurement, prevention of contami-
nation and degradation, protection of immune rejection, preservation, maintaining
viability and industrialization are the problems to be solved.

There has been an empirical and practical concept of a two wheels of a cart rela-
tionship between artificial organs and organ transplants in replacement and substi-
tution. For example, the artificial kidney and kidney transplantation and artificial
heart and heart transplantation go hand in hand. As far as the liver is concerned,
however, the situation is quite different. At the present stage, the artificial liver, or
hepatic assist systems available, are not sufficient to support the liver transplant
recipient. However, the liver can often regenerate within 2 weeks or so even in case
of fulminant hepatic failure, unless the brain is irreversibly damaged. Thus the need
may only be temporary.’

The Japanese national project of developing a new artificial liver system started in
1979 with the goals and working hypotheses shown in Tables 1 and 2. The major
component in the system is the metabolic unit composed of the isolated,
frozen-preserved hepatocytes packed and perfused in the polymethylmethacrylate
hollow fiber devices (Table 3). In this project, Dr. M. Mito and his associates have
played a major role in the development of this most important metabolic unit.

Dr. Mito is one of the 1955 graduates of the Hokkaido University School of
Medicine. He trained in surgery at the Hokkaido University hospital, did surgical
research at Harvard Medical School and at Boston City Hospital, and was appointed
Professor and Chairman of Surgery at the Asahikawa Medical College in 1975. Not
only regarding the artificial liver but also in transplantation and academic surgery
in general,™ he is a real leader in Japan and has been a very good friend of the
authors since 1957,

Originally appeared in Artificial Orgons, Volume 10, Number 3, 1986, pp. 211-13.
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Table 1

The Goal of an Artificial Liver

To relieve the patient with fulminant hepatic failure in more than two of three cases

To be used continuously or intermittently for 2 weeks until the liver regenerates

To substitute the liver function, not only of blood purification but also of metabolism, even in
part

Table 2

Working Hypotheses of an Artificial Liver

Not only blood purification (detoxification) but also some metabolic function is required in an
artificial liver.

Hepatic coma is a toxic and deficient condition of the brain acutely affected by ill blood due to
fulminant hepatic failure,

Liver cells and tissue can be regenerated in many cases within 2 weeks unless the brain is irre-
versibly damaged.

Toxic substances to the brain and inhibitory substances to liver regeneration can be removed
from blood and deficient substances can be added to blood through the used membrane.

The isolated, cultured, and stored animal hepatocytes remain viable and function closely like nor-
mal human hepatocytes for hours while perfused with oxygenated plasma.

Separated plasma can be more efficiently treated in the system than can whole blood.

Table 3
Artificial liver development: 1956- 1985
Principle Components Membrane
1956  Cross-hemodialysis 4 live dog livers Gel cellulose
Hepatic reactor lon exchange resin
1970s  Hemoperfusion Charcoal
Plasma separation Cellulose acetate,
PVA, PMMA hollow fiber
1980s  Plasma separation PMMA hollow fiber
Metabolism Isolated xenogenic PMMA hollow fiber
hepatocytes
Adsorption Charcoal, lonex
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3.5

ISAO Proffers A Marvelous
Cover for Acting Out Fantasies

Eli A. Friedman

Each of us attempting to advance medical science—whether an engineer,
chemist, theoretician, or physician—depends on personal enthusiasm to sustain
our work. Optimistic, self-driven investigators succeed beyond the point where
the pessimist, convinced that the project cannot be done, has given up.
Commitment to the design, construction, and implanting of artificial internal
organs requires a positive, romantic, and unrestrained view of what may be
attainable. Members of our society share a bond gained by the belief that fantasy
can be transformed to reality.

While no data substantiate the point, I consider it safe to speculate that a
high proportion of ISAO members were enthralled by science fiction as restless
adolescents, and still recall how Wells, Heinlein, van Voght, and Asimov told of a
world in which imagination was unrestricted. Future ISAO members walked on
other planets, regressed or advanced in time, and watched as the dead were
restored to health by cloning individuals from cell parts. A recurrent theme in
“SciFi” is the acceptance of medical facilities termed “cosmetics” in which severe-
ly wounded Starpersons receive spare parts permitting normal vigor. As we near
the close of this century, many of these hopes for tomorrow have been absorbed
into daily life. Thousands of diabetics receive daily injections of insulin manufac-
tured by specially instructed bacteria. The anemia of uremia yields to erythropoi-
etin made by recombinant DNA synthesis in tissue cultures of ovarian cells from
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Chinese hamsters. Islets of Langerhans from a rat function for a year or longer in
a mouse. Paraplegics have taken halting steps using muscles driven by an Apple
computer. Implanted artificial hearts serve as a “bridge to transplantation” for
subsequent cardiac allograft. Twenty-first century medicine is foreshadowed in
the abstracts submitted to our biennial meeting.

I believe in the likelihood of multiple near-term workable bionic implants. By
the turn of the century, I envision the permanent cure of simple hormonal defi-
ciencies by implanted endocrine cells encased within either an inert coating or
hybrid device. There is no question in my mind that a permanent implantable
artificial heart is achievable soon. Building on Kolff's lesson that an artificial
organ need not replace all of that organ’s missing metabolic functions to forestall
death due to organ absence, I consider fabrication of both a bionic kidney and a
bionic lung to be a solvable problem—soon.

Having lived through the time of the “giants” in our field, when things were
done one person’s way alone, I currently recognize the importance of cross-fertil-
ization, by several investigators, to the long-term function of a complex device.
Kolff, who built his artificial kidney by himself, found it necessary to assemble a
team to undertake the design and testing of his concept for an artificial heart.
Even the advanced thinker building a new body part needs biomaterial expertise
to prevent internal clotting, as well as the skills of a surgeon to implant the
device. Toward the end of facilitating information exchange between scientists
building artificial organs, ISAQ has established this journal. Fast publication of
original articles in Artificial Organs and other journals shrinks distances
between laboratories, but does not substitute for personal interchange of ideas,
the hallmark of ISAO meetings. Our rapid growth in membership and attendance
at conventions affords support for ISAO’s key function as a catalyst furthering
our field. ISAO convenes an extraordinary admixture of mavericks, “marchers to
different drums,” and very smart scientists capable of converting “what if” to
“why not.” During my term as President, I will do my best to stay out of the path
of creative ISAQ members who cannot wait for tomorrow.
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Minerva v. National Health Agency
53 U.S. 2d 333 (2020)

SUPREME COURT OF THE UNITED STATES

No. 111-252
Minerva et al.,
Petitioners, On Appeal from the United
u. States Court of Appeals for the
National Health District of Columbia.
Agency

[Argued November 12, 2019—Decided April 10, 2020]

Synopsis

In 2016 the National Health Agency (“the Agency”) promulgated regulations
which provided for the allocation of artificial hearts in the United States under the
authority of the National Health Insurance Act of 1996 (PL. 104-602). The regula-
tions prohibited the manufacture, sale, or implantation of an artificial heart with-
out a permit from the Agency; prohibited individual purchasers from being recipi-
ents of artificial hearts without a permit from the Agency; and provided that permits
to recipients be issued only by the Agency’'s computer, which would pick qualified
applicants at random from a master list. This regulation is challenged by P. Minerva,
a thoracic surgeon, and two of her patients, Z. Themis and Z. Dike. Themis did not
meet the Agency’s qualification standards as he is less than fifteen years old; Dike,
while meeting the standards, has not yet been chosen by the computer. The plain-
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{170

tiffs challenge the regulations as a violation of their right of privacy, and chal-
lenge both the qualification eriteria and the random selection procedure and
due process under the Fifth Amendment to the U.S. Constitution. This appeal
is taken from a decision in favor of the Agency by the Court of Appeals for the
District of Columbia. Minerva v. National Health Agency, 294 F.3d 28 (D.C. Cir.
2018). Additional relevant facts are set forth in the opinion of the Chief Justice.

CHIEF JUSTICE CLIO delivered the opinion of the Court.

When Congress passed the National Health Insurance Act it granted excep-
tionally broad powers to the National Health Agency (“the Agency”). One of
these powers was the exclusive authority to allocate scarce and expensive med-
ical resources. The Agency has been granted the authority to suspend and
revoke medical licenses—all of which have been issued exclusively under federal
authority since 1996—of individuals who violate, aid a violator, or conspire to
violate the allocation regulations promulgated by the Agency. These provisions
of the Act have been previously challenged and upheld by this Court in Arusha
v. National Health Agency, 29 U.S.2d 124 (2008). In that case, which involved an
agency decision to prohibit the use of kidney dialysis machines and ordered all
existing kidney dialysis clinics shut down based on a cost-benefit analysis, this
Court found such action permissible. Our decision was grounded on a finding of
a compelling governmental interest in containing costs and properly allocating
resources under the National Health Insurance Program, and a finding that
no other reasonable alternative was available to the Agency with regard to this
technology. The authority of the Agency to make allocation decisions and to
enforce these decisions through licensing sanctions is thus no longer open to
challenge.

After three decades of frustration, the implantable artificial heart, powered
by a battery, was developed and widely tested in the late 1990s. By 2014 more
than 10,000 of these devices were being implanted annually in the United States
at a cost of approximately $200,000 each (in terms of 2000 U.S. dollars). The
2014 projections of the National Health Agency were that the annual demand
for such hearts would reach approximately 100,000 by the year 2025, and that
the National Health Service did not have sufficient funds, personnel, or facili-
ties to implant and maintain such a large number of devices. For example, while
the devices are serviceable, they do break down, and all are equipped with a
monitoring and warning system that advises the wearer when to get to an emer-
gency department (ED) for service and repair. Up to 20 percent of all ED visits
may involve such maintenance in twenty years time. Moreover, a Social Security
study found that unlimited use of this device could result in people living longer
and this would have the effect of drastically increasing Social Security pay-
ments without increasing tax revenues.

Accordingly, the Agency decided, after more than a year of public hearings,
to make available annually a maximum of 20,000 artificial hearts. The Agency
was statutorily established as the exclusive controller of supply in an effort to
ensure both adequate quality control and fairness in patient selection proce-
dures. The allocation scheme promulgated by the Agency and challenged by the
plaintiffs provides:'

(1)To be placed on the National Waiting List for Artificial Hearts, the can-
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didate must meet the following criteria: He or she must

(a)be more than 15 years old but less than 70 years old;

(b)be capable of living at least 10 additional years if the implant

procedure is successful; and

(c)not be a chronic alcoholic or a drug addict.
(2)Individuals certified as meeting the criteria in part (1) by a physician certified
by the National Health Agency as a qualified thoracic surgeon shall have their
names immediately placed on the National Waiting List for Artificial Hearts.
Individuals will be selected from this list at random at the rate of 400 a week.
Individuals will be notified of their selection by hologram which will indicate the
data and place of the implant procedure. All transportation costs will be paid by
the National Health Service. Individuals shall remain on the list until they die, or
until such time as they fail to meet any of the criteria set forth in part (1).

Plaintiff Minerva’s initial argument is that these regulations have “no rational
connection with a patient’s needs and unduly [infringe] on the physician’s right to
practice.” Doe v. Bolton, 410 U.S. 179 (1973). S8he argues that her patients should be
permitted to purchase artificial hearts with their own funds and have her implant
them without any interference from the Agency. This argument need not detain us.
When the National Health Insurance Act was passed, Congress made it a national
priority to provide all its citizens with unlimited access to a specified amount and type
of medical care. Any other care was to be rendered at the discretion of the National
Health Agency and pursuant to its regulations. So long as such regulations are con-
sistent with the Act and are reasonable methods of rationing expensive and scarce
medical resources, they will not be found by this Court to violate a physician’s right
to practice.

The National Health Agency has permitted a private market in many types of
health care—although not in any area of thoracic surgery. This is because after the
publication of numerous studies in the late 1990s demonstrating a gross oversupply
of surgeons, residency positions in this specialty were sharply curtailed. As a result,
by 2010 the supply of surgeons in general, and thoracic surgeons in particular, was
deemed to be near optimal. The supply, however, was at a point where the shifting of
a gignificant number of surgeons out of the National Health Service would have severe-
ly restricted the ability of the Health Service to provide adequate surgical services to
the population.

Accordingly, the Health Agency prohibited private surgical practice except under
very restrictive conditions. This prohibition was upheld by the court in 2014 in
American Medical Association v. National Health Agency, 48 10.5.2d 10 (2014). The
basis for this decision was that failure to restrict private surgical practice would endan-
ger the health of the members of the public who could not afford private surgical ser-
vices, since the supply of surgeons and surgical services in hospitals was not adequate
to permit elective procedures to be performed on a large scale without a significant
decrease in the supply of surgical services to the Health Service. The same rationale,
of course, applies to the present case. If a private market in artificial hearts were per-
mitted, a significant percentage of the one million patients a year who need such
hearts would purchase this procedure. These purchases could take more than half of
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all existing thoracic surgeons out of the Health Service, leaving the remainder of the
population without sufficient services in this vital area. These effects were felt as ear-
ly as 2012 when, with fewer than 10,000 implant procedures being performed annual-
ly, the average waiting time for other thoracic surgery increased from four to six
months. Justice Melpomene argues that a black market in artificial hearts will be pro-
duced by these regulations. This is sheer speculation, and in any event the potential
existence of such a market should not prevent the federal government from adopting
a policy it believes is right and just.

We cannot allow the avarice of a few to jeopardize the health of the many, espe-
cially in view of the fact that the many subsidized the training of all currently practicing
physicians, continue to subsidize all hospital and surgical facilities, and almost com-
pletely subsidized the development of the AH777 model of the artificial heart. The pri-
vate market in health care is a fiction to which this Court will not subscribe. The physi-
cian’s “right to practice medicine” properly is regulated and circumscribed by the
National Health Agency for the benefit of the public. The regulations properly seek to
extend the lives of as many citizens as possible—within the fiscal, personnel, and facil-
ity realities of the National Health Service.

II

Plaintiffs Themis and Dike challenge the regulations as a denial of Fifth
Amendment due process and equal protection of the laws. The due process argument
can be disposed of easily. Plaintiffs argue that they have a right to a hearing, a right to
be represented by counsel, a right to an appeal, a right to access to all of the informa-
tion on file at the National Health Agency concerning each qualified candidate, and a
right to challenge the qualifications or comparative qualifications of each candidate.

While the arguments put forth are interesting, they are not persuasive. The allo-
cation scheme is not adversarial. It does not seek to pit the plaintiffs against all other
candidates. Indeed, it is possible that all the candidates in a given year will be found to
be qualified. The scheme is merely an exclusionary one, designed to deny the operation
to those who would not derive a sufficient benefit from it to warrant the societal
expenses involved. Moreover, the issues are not based on facts personal to the applicant,
as in other cases requiring an adjudicatory hearing, but are much more in the nature
of applying general policy guidelines. Davis, Administrative Law 17.03. Therefore, no
procedural due process safeguards, other than the certification of the examining physi-
cian, are constitutionally required. Furthermore, such additional due process mecha-
nismas, if utilized, could do more harm than good. By delaying the implantation process
and by involving the certifying physicians in court battles, time would be lost that
could more effectively be spent in screening and treating patients. All potential recip-
ients would suffer.

The equal protection argument is stronger; but, for the reasons set forth below,
we reject it. The plaintiffs correctly assert that, although the federal government has
not directly created the scarcity in artificial hearts, when it attempts to regulate their
distribution the government is bound by the mandate of equal protection. Under the
equal protection doctrine of the United States Constitution it also “seemingly makes
no difference that the threatened interest is a privilege rather than a right. Even a
privilege, benefit, opportunity, or public advantage may not be granted to some but
withheld from others where the basis of the classification and difference in treatment
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is arbitrary.”™ To deny artificial hearts to a group of citizens, the federal government
must demonstrate that the classification is based on reasonable grounds in light of
the purpose sought to be attained by the Congress, and is not arbitrary and does not
cause invidious discrimination. Plaintiffs have urged us to declare the right to an
artificial heart a “fundamental interest,” or to declare the qualifications for selec-
tion “suspect” so that the federal government must demonstrate a compelling state
interest to uphold the regulations. We decline to construe the issues at stake so broad-
ly. While the right to life is certainly fundamental and worthy of constitutional pro-
tection, the individual's interest in obtaining specific scarce and expensive medical
devices is not. Likewise, while the criteria do establish a certain category of quali-
fied recipients, they are drawn narrowly and with a rational relationship to a legiti-
mate governmental purpose. This Court has been very reluctant to expand either
the list of fundamental interests or of suspect classifications, and we find no neces-
sity to do so in this case. We do note, however, that even if we concluded otherwise,
we would find that the federal government had a compelling public well-being inter-
est in promoting the allocation scheme outlined in the regulations, and that the
scheme wasa reasonably related to this interest.

In general, this Court will not interfere with government-mandated allocation
schemes. Thus, in Dandridge v. Williams, 397 U.S. 471 (1970), we upheld Maryland’s
AFDC program even though in setting an absolute maximum of $250 per family it dis-
criminated against members of larger families. Likewise, in Belle Terre v. Boraas,
416 U.8. 1 (1974), we found a regulation which limited the number of unrelated per-
sons living in a household to be a valid means of controlling vehicular traffic and
overcrowding. However, in Dept. of Agriculture v. Moreno, 413 U.S. 528 (1973), we
struck down a food stamp regulation requiring all members of a household to be
related. Even though the federal government argued that this requirement was nec-
essary for the prevention of fraud, we could find no rational relationship between
this regulation and the purpose of the statute: to feed the poor. The distinctions
between these cases are worth emphasizing. In no instance in Dandridge was any
family completely deprived of a fundamental requirement of life, and the issues in
Belle Terre did not involve necessities of life.

This Court will not permit the federal government to deprive its citizens of life’s
necesgities. It will, however, permit the allocation of resources that, while important,
are not commonly thought of as necessities of life, provided that the allocation scheme
is based upon a valid governmental interest, is for a legitimate purpose, is reasonable,
and is not invidiously discriminatory.* As applied to the National Health Agency, we
conclude that the state cannot deprive its otherwise healthy citizens of “life’s neces-
sities” such as emergency medical services. However, when an expensive medical
technology can properly be labeled a luxury, even though it does sustain life, the state
need not provide it to all citizens.

We find that an artificial heart is no more necessary to an individual than a cas-
tle or dinner at Maxim’'s. Individuals need food, shelter, and medical care—but they
may not convert the shield against starvation, exposure, and sickness that the federal
government may decide to provide into a sword with which to extract luxuries that
society cannot afford. Nature, not the federal government, takes the lives of those
who are unsuccessful in the artificial heart lottery. The purposes of maximizing lives
within resource constraints and of preventing the destruction of the National Health
Service are valid, and the rationing scheme adopted is reasonably related to accom-
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plishing these purposes.

We find that the current regulations are not constitutionally objectionable. There
seem to be only two ways to avoid rationing: universal treatment or universal non-
treatment. The first option is simply not feasible. Congress has refused to vote the
more than $20 billion (in terms of 2000 dollars) in funds annually required for uni-
versal treatment, and through this Congressional refusal the taxpayers have indicat-
ed that they would rather retain the money necessary for this program for their own
discretionary use than to pay for the tax increases necessary to finance it. The second
option, universal nontreatment, makes sense only if it is in fact impossible to make
nonarbitrary distinctions among competing applicants, or impossible to devise an equi-
table rationing process. We find neither to be the case, and therefore conclude that the
federal government has a right to enforce its rationing scheme.*

III

Plaintiffs have raised the following objections to the Criteria for Placement on the
National Waiting List for Artificial Hearts: (1) by specifically denying treatment to
most applicants, the regulations cheapen human life and undermine society’s belief in
the equality of life; (2) the criteria are not medical at all, but are based on “social
worth,” a criterion specifically denounced in the Conference Committee Report on PL.
104-602, and a criterion which also undermines our belief in the equality of life; and (3)
the artificial heart lottery provisions are unnecessarily imprecise and lead to squan-
dering the federal government’s resources since they fail to take into account the rel-
ative life expectancy of one applicant versus another or the degree to which one appli-
cant desires the implantation as opposed to another. Thus, the scheme inherently is
inequitable and irrational, and only significant modifications in it would make it con-
stitutionally acceptable.

We shall deal with these objections in the order in which they were raised. The
first is a general argument against any attempt to ration scarce medical resources, and
we reject it outright. By attempting to save as many lives as possible, society does not
cheapen life. On the contrary, it attempts to the best of its ability to protect and pro-
long life. The fact that all will not benefit from this new technology does not mean that
no one should.® All citizens cannot live within ten miles of an emergency department
equipped to deal in the most efficient way with cardiac arrest. This does not mean we
must close these facilities. It only means that they should not be permitted to dis-
criminate arbitrarily among patients who present themselves for treatment.

Themis’ argument focuses on the age limitations utilized. We find, however, that
they are reasonably related to the purposes of the regulation and, therefore, are prop-
er. The fifteen year cut-off reflects both the age of magjority (lowered from eighteen to
fifteen in 2012) and thus of consent to medical procedures, and the fact that the tho-
racic cavity will not, in general, be large enough to house the standard AH777 model
of the artificial heart currently in use. The rationale for not implanting the heart in any-
one incapable of giving informed consent, is sufficiently dealt with in the concurring
opinion of our sister Justice Melpomene.

Parenthetically, we note that the seventy-year age limit reflects the overall judg-
ment of the Agency that individuals beyond this age are so likely to be afflicted with
other conditions that could prove fatal that it makes more medical sense simply to
eliminate them entirely from the process rather than to spend the resources to screen
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them. One may disagree with these reasons, but Themis has failed to demonstrate to
the satisfaction of the Court that these age limitations are so arbitrary as to erode our
belief in the equality of human life.

The second objection is more serious. Social worth criteria are properly con-
demned because they are so imprecise as to maximize the probability of arbitrary
decisions based on personal biases of the decisionmaker. We believe, however, that
the criteria formulated by the Agency are essentially medical in nature and as such
are capable of precise and nonarbitrary application by qualified thoracic surgeons. All
of the screening surgeons must meet the strict requirements for certification by the
Agency, and we must assume that they will honestly and fairly perform their func-
tions under the regulations. Withrow v. Larkin, 421 U.S. 35 (1975). Moreover, the
criteria are reasonable in that they preclude from allocation those who will gain only
marginally from the implant, and thus help to maximize society’s benefits as com-
pared to the costs of this program. Age, prognosis with the implant, drug addiction,
and alcoholism are all characteristics that are readily ascertainable by a qualified
physician and all can be considered strictly medical eriteria.

The third argument is somewhat troublesome, but inasmuch as the plaintiff Dike
has not suggested any way in which desire can be quantified and measured on a com-
parative basis, we need not deal with it.

IV

Additional support for the type of rationing scheme chosen by the Agency is found
in law and custom. An 1842 case, for example, involved an American ship which was
near Newfoundland, en route from Liverpool to Philadelphia, when it struck an ice-
berg. The crew and half the passengers escaped on two overly filled lifeboats. One
contained forty-one individuals and after about twenty-four hours it became clear
that unless some went overboard, all would perish. The first mate instructed his crew
(eight in number) to throw fourteen passengers overboard, using the rule “not to
part man and wife, and not to throw over any women.” At the trial of one of the sea-
men for homicide, the court instructed the jury that under extraordinary circum-
stances the “law of necessity”® may justify taking a life, but that in choosing who
shall live and who shall perish “there should be consultation and some mode of selec-
tion fixed, by which those in equal relations may have equal chance for life ... for our-
selves we can conceive of no mode so consonant both to humanity and justice [as
casting lots].™

Not only was a lottery approved, but the court also concluded that the first mate
and as many of the crew as were necessary to run the boat were not required to take
part. Thus, the court sanctioned the exclusion, based on specified criteria, of certain
members of society from a lottery scheme. While this case involved choosing indi-
viduals to die, not to live, as is the case in allocating artificial hearts, the same stan-
dard applies in the latter case. The traditional rule of the sea when a ship is sinking
has always been “women and children first.” This principle seems to rest on the belief
that women are necessary for the survival of the species, and that children have more
years left to contribute to society than adults. Both this traditional principle and the
lifeboat case sanction “social worth” criteria under certain extreme cases, the argu-
ments of our sister Justice Urania notwithstanding.*

The decision of the Court of Appeals of the District of Columbia is accordingly
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Affirmed
Calliope, Terpsichore, and Polyhymnia, JJ. join in THE CHIEF JUSTICE'S opinion.

JUSTICE MELPOMENE, concurring in the result.

While I join my sisters in upholding these regulations as valid and constitutional
exercises of authority by the National Health Agency, I feel compelled to pen a separate
opinion. In my view, there should be no allocation scheme whatsoever mandated by
the federal government: artificial hearts should simply be outlawed in this country. I
come to this conclusion even though I myself have such a device pumping blood through
my arteries. It never gives me peace. When [ am alone in my bed at night I hear it. It
reminds me both of my mortality and of my humanness—but it also taunts me. I am no
longer fully human; I am already partially dead.

Furthermore, how can one give informed consent to receive such a device? I did, or
80 I thought, but when faced with death, people are likely to consent to anything. We
all know this. It is ancient history that Christiaan Barnard noted of the first recipient
of a human heart that consent to this procedure was not heroic but to be expected:

He was ready to accept it because he was at the end of the line. What else was there to say?
... For a dying man, it is not a difficult decision because he knows he is at the end. If o
lion chases you to the bank of a river filled with ecrocodiles, you will leap into the waler
convinced you have a chance to swim to the other side. But you would never accept such
odds if there was no lion.*

Likewise, Denton Cooley wrote of the first human ever to receive an implanted
artificial heart: “He was a drowning man. A drowning man can’t be too particular what
he's going to use as a possible life preserver. It was a desperate thing and he knew it.™

Currently, implants are no longer experimental, and the situations of patients are
no longer so “desperate.” Nevertheless, it is my experience that a significant number of
candidates feel they must have an artificial heart, and will do almost anything to gain
access to one." This impulse may be based solely on the irrational desire to live forever.

It is my view that any attempt to ration artificial hearts, even one so carefully
drawn as the regulations under consideration, will fail to prevent significant black
markets in such hearts; will encourage surgeons in the National Health Service (who
consider themselves grossly underpaid) to operate in this market; and will encourage
patients to attempt to bribe health officials and physicians, and to commit other crimes
in an effort to obtain an artificial heart.

For these reasons—because the artificial heart is fundamentally inhuman and
inhumane, because informed consent can never be obtained, and because allocation
will lead to many undesirable side effects in society—I would outlaw these devices alto-
gether. Nevertheless, since [ believe this is properly a legislative decision, I would
uphold regulations that at least attempt to limit their distribution.

JUSTICE URANIA, with JUSTICE THALIA and JUSTICE ERATO join, dissenting.

The Supreme Court today approves an allocation scheme that is inherently
inequitable and unjust, that undermines society’s view of the sacredness and equality
of human life, and that makes social worth the standard for longevity in our society. The
majority asserts that the allocation scheme reflects the application of rational and exact
medical criteria. In fact, however, the regulations permit individual physicians to make
arbitrary decisions based solely on their own views of social worth. Since physicians
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in general, and thoracic surgeons in particular, are likely to have a white upper-mid-
dle class male bias in this area," such a classification scheme is inherently violative
of the equal protection mandate of the Fifth Amendment.

I

The true character of the regulations may be seen in a recent study of the persons
who were accepted and those who were rejected for places on the National Waiting
List for Artificial Hearts for the year 2018 (the only full year for which statistics are
available).” In that year more than two million persons applied for the Waiting List.
Of that number, one million, or fifty percent, were rejected. Of these, more than nine-
ty percent were rejected on the basis of criteria (b) (incapable of ten additional years
of life), or criteria (c) (chronic alcoholism or drug addiction). The statistics also indi-
cate that at least seventy percent of each of the following categories of individuals

were rejected:

1.Q. lower than B0: 98%
History of mental illness: 80%
Criminal record: 756%
Indigency: 80%

Unemployed: 70%

The generality of the statistics does not permit further breakdown into more spe-
cific income level, 1.Q., or type of mental illness. Nonetheless, I submit that these
figures are sufficient to warrant the conclusion that the scheme mandated by the
regulations discriminates invidiously and unconstitutionally against the mentally
deficient, the mentally ill, those with prior criminal records, the poor, and the unem-
ployed. While the regulations, as written, are difficult to attack, they are clearly not
the criteria that surgeons have actually been using to select patients. There is no
rational connection between such invidious discrimination and the state’s purpose;
thus, the regulations must fail a constitutional test. Although the majority concludes
that the classification established by these regulations should not be considered sus-
pect, these figures clearly indicated not only that it should, but that it is. Accordingly,
the state should be required to demonstrate a compelling interest to permit these
regulations to withstand an equal protection challenge. Whether the interest in main-
taining the viability of the medical care delivery system is compelling or not depends
in large part on one’'s view of its credibility. In my view, the government has failed to
demonstrate adequately that a leas restrictive allocation system would lead to a total
breakdown of the National Health Service. Until such evidence is forthcoming, |
would rule that the compelling interest test has not been met, and therefore find the
regulations constitutionally deficient.

In addition, the legislative history indicates that Congress intended that only
objective medical criteria be permitted to enter the decisionmaking process. There
was testimony, for example, concerning some of the initial methods used to screen
patients for kidney dialysis forty years ago. One lay member of a screening commit-
tee in Seattle testified that

The choices were hard.... [ remember voting against a young woman who was a known
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prostitute. I found I couldn’t vote for her, rather than another candidate, a young wife and
mother. I also voted against a young man who, until he learned he had renal failure,
had been a ne'er-do-well, a real playboy. He promised to reform his character, go back to
school, and so on, if only he were selected for treatment. But I felt I'd lived long enough
to know that a person like that won't really do what he was promising at the fime."

All members of the Conference Committee found these types of social worth judg-
ments disgusting. In their final report to Congress they quoted the following language
from a study of the Seattle committee of which this woman was a member:

The descriptions of how this committee makes its decisions ... are numbing accounts of
how close to the surface lie the prejudices and mindless cliches that pollute the commil-
tee's deliberations.... What is meant by “public service,” a phrase so difficult to define in
a pluralistic society? Were the persons who got themselves jailed in the South while work-
ing for civil rights doing a ‘public service'? What about working for the Antivivisection
League? Why should a Sunday-school teacher be saved rather than Madalyn Murray?
The [decisions] paint a disturbing picture of the bourgeoisie, of the Seattle committee
measuring persons in accordance with its own middle-class values. This rules out cre-
ative nonconformists, who rub the bourgeoisie so much the wrong way but who histori-
cally have contributed so much to the making of America. The Pacific Northwest is no
place for a Henry David Thoreau with bad kidneys."

The regulations are so loosely drawn, especially subsections (b) and (c), that they
permit physicians to exercise completely unbridled discretion in making their choic-
es, and permit them to make these choices not on the basis of fixed medical criteria, but
on the basis of their own, sometimes warped, views of social worth. The results of the
study support the conclusion that this is precisely what has been occurring. It is appar-
ent that physicians are basing their survival estimates on such things as “coopera-
tiveness,” “rehabilitation potential,” “self-esteem,” “low intelligence,” “impulsive, irre-
sponsible behavior,” “self-destructive wishes,” “difficulty relating to authority figures,”
and so on. A demonstrated “connection between the favored traits severally consid-
ered and ability to survive”' should be demanded if such criteria are to continue in
use. No such connection has been demonstrated. Accordingly, the regulations should be

struck down.

The Agency has convinced the majority that its age limitation is reasonable, but it
has not convinced me. A youth of twelve or thirteen, such as plaintiff Themis, may
have a body capable of receiving the artificial heart and should not arbitrarily be denied
it simply because most other children his or her age could not be fitted with the AH777.
Likewise, is it reasonable to reject a seventy-one-year-old applicant with a life expectan-
cy of twenty years, while accepting a sixty-nine-year-old with a life expectancy of ten
years? Such an allocation scheme is de facto irrational. Since it could be much more fair-
ly drawn, it cannot stand constitutional challenge. I would much prefer to have simply
a first-come, first-served scheme than to set such patently arbitrary criteria. While the
first-come, first-served system would also discriminate arbitrarily, such discrimination
would be more in the nature of “acts of God” rather than explicit acts of government,
and thus would not serve to cheapen our view of human life and the equality of man."
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III

Further, to characterize the artificial heart as a “luxury”—which the majority
does—is playing with words. Today’s luxury is tomorrow’s necessity. The heroic or
extraordinary treatments of the late 20th century are today commonplace in our hos-
pitals. Artificial hearts are prolonging lives. They could prolong far more lives both
now and in the future if more resources were allocated to this critical field. When, in
fifteen or twenty years, all the other civilized nations of the world routinely implant
such devices in their citizens, will the majority change its mind? Will artificial hearts
then become “natural” or at least necessary for life? If so, why must we sacrifice the
present generation for the next?

IV

The allocation scheme is a threat to our values and an insult to our intelligence.
We need not be guided in our decision by the unwritten rules of sailors who prowled
the sea in their sail-drawn ships almost two centuries ago. How much better to learn
from the more advanced planets with whom we have recently established contact.
On Zeno, for example, all are eligible for artificial organs—but must make the elec-
tion by their twenty-fifth birthday and accept permanent sterility as the price. In
this way, they both lengthen life and control total population size (and thus the cost
of the program)."® While I do not propose that we accept such an alternative without
study or legislative mandate, I do reject the current scheme and the majority’s
endorsement of it.

JUSTICE THALIA, dissenting.

I join with my sister Urania in her dissent. Nonetheless, I write to argue that
her analysis leads to an additional and inescapable conclusion: the regulations violate
a candidate’s right to due process. It is apparent that no matter what criteria are
utilized, fairness is enhanced when there is more than one decisionmaker. It is inap-
propriate and unfair to expect a patient to dispute the findings of the examining

physician to the physician herself. A procedure requiring the concurrence of two of
a board of three physicians would be much fairer and presumably would lead to much
more consistent and accurate decisionmaking. In addition, if the criteria specified in
the regulations are to be applied, and “survivability” is defined as I believe my sister
Justice Urania accurately indicates it is presently defined, then many more due
process protections than currently exist are mandated by the U.S. Constitution.
Contrary to the majority's view, the types of facts at issue in the screening process are
extremely personal, and ones that are unique to the candidate. Due process, there-
fore, requires that the candidate be given a full adjudicatory hearing upon request.
Davis, Administrative Law 17.03.

Additional safeguards are also necessary. The patient’s life is at stake, and
Congress has mandated a system that excludes social worth from consideration so
that the fundamental belief of our society in the equality of human life is not
destroyed. To insure that each potential patient has a fair opportunity of being includ-
ed in the National Waiting List for Artificial Hearts it is essential that at the mini-
mum he or she be permitted (1) to examine in advance all records in the hands of
the decisionmaker; (2) to have an opportunity to refute their accuracy and to sup-
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plement them; (3) to have an opportunity to call and cross-examine any individual who
has presented information that might disqualify the applicant from consideration; (4)
to have a record of the reason for the decision; and (5) to have an opportunity to appeal
the decision to an appeals board. Unless these minimal procedural safeguards are pro-
vided (and I also favor mandatory representation by counsel upon request, but it is
not constitutionally required), it is my opinion that these regulations are constitu-
tionally deficient and must be struck down.

JUSTICE EUTERPE, dissenting.

I find the arguments of my colleagues all very interesting but, with the exception
of Justice Melpomene, irrelevant. Have we progressed so much in this country that we
have lost sight of our purpose as a nation? The unsubstantiated communications from
Zeno notwithstanding, surely no one in their right mind will argue that we can make
our citizens immortal. Even if we can produce an artificial heart that will last forever,
the other tissues and organs will continue to deteriorate. While reading is not cur-
rently in fashion in our society, some will recall Gulliver’s Travels and Swift’s descrip-
tion of the Struldbrugs, creatures who did achieve immortality, but whose minds and
bodies suffered from the decay of old age nonetheless:

At ninety they lose their teeth and hair; they have at that age no distinction of taste, but
eat and drink whatever they can get, without relish or appetite. The diseases they were
subject to still continue without increasing or diminishing. In talking, they forget the
common appellation of things and the names of persons, even of those who are their near-
est and dearest friends and relations. For the same reason, they never can amuse them-
selves with reading, because their memory will not serve to carry them from the beginning
of a sentence to the end; and by this defect, they are deprived of the only enteriainment
whereof they might otherwise be capable.... They are despised and hated.... They were
the most mortifying sight I ever beheld.... Besides the usual deformities in extreme old
age, they acquired an additional ghastliness in proportion to their number of years,
which is not to be described.

The energies of the National Health Agency should be directed toward the young
and the middle-aged and toward making life more enjoyable and richer. It should not
be directed toward prolonging the agony of death and the miseries of old age. If we are
unwilling as a society to pay for the implantation of an artificial heart into each of our
citizens who can reasonably benefit medically from it, then we should have the courage
to adopt a rule which says that no one shall have such a device implanted. Such a rule
promotes equality and fairness. It is also an attempt to allocate resources toward med-
ical and health measures that make our lives worth living, rather than ones that pro-
long lives that are not worth living. [ would rather deprive all of the aid of the artifi-
cial heart, as did Conrad’'s Lord Jim and the rest of the crew who deserted the
passengers of the Patna, than to arbitrarily choose who shall live, as the first mate did
in the lifeboat case summarized by the Chief Justice.

Even if one were determined to implant artificial hearts in some, surely the mar-
ket system is a better allocator of 20,000 hearts a year than the administratively clum-
sy and arbitrary scheme envisioned in the regulations. Although ability to pay is itself
somewhat of a social worth criterion, when coupled with a strong desire to have an
implant and a willing physician, I believe it iz a proper characteristic to use for decid-
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ing who will receive a medical device which is of dubious value to either the individ-
ual or society. It might also be appropriate to create a “distinguished citizen™ award,
the recipients being individuals of tremendous importance to our society whose lives
should be prolonged for the good of us all without respect to their financial ability or
even their desire for an implant.

Finally, I do not think it purely a coincidence that all five Justices in the major-
ity are recipients of artificial hearts, while none of the four in the minority applied
for one either before or after the regulations under question went into effect. While
the decision on disqualifying oneself because of a conflict of interest or bias in a par-
ticular case is for each individual Justice, I cannot help but observe that the deci-
sion would have been unanimously decided against these regulations had these
Justices taken the step of disqualifying themselves from hearing this case.
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FETAL CYBORGS AND TECHNOMOMS ON THE REPRODUCTIVE FRONTIER

0 rescue the captain, they stumble upon a sort of incubation room, where human

babies are being gradually transformed into Borg. The babies lie in metal drawers.

and have small pieces of technology, such as brain implants, attached to their bod-

ies. Whenever | view ths episode of Stor Tk fone of my favorites), | dentify these
s "fetal cyBorgs™ or

Fetal cyborgs also inhabit Katherine Dunn's(1989) c«k Love, lhc funny, fascinat-
ing, and a mily. For ge ¥
o Binewsks,the carniva represe But

i orer o sustain i hey must ontinually confgure themseiesand eachothr as

Thus, Lillian and Al y effort to produce “perfect”
babies-perfect, that s, for the Binewskis Carnival Fabulon. The more monstrous
g offsing. the more valuzhlz they are to the family enterprise. Assisted by Al

i ingests q tog
in g h ' ines) insecticides,
arsenic, umewopcs\ and more. Sometimes the experiments are successful, often
they are
The Binewskis clearly love al of (with
flppers where his arms and legs should bel; Samese twin gir, phy and m,
Olympia, a bald, albino,
oy aply amed Mumw. and Cick a“normar*looking malechld with extraor-
nary mental
e abandonmentuntl s "9t s evsled. ach chid, by virtue of et or ms
has a place in the family Yet Ll

*“failures" are also important to her and she has saved their remains after miscarry-
ing. She displays these monstrous fetal cyborgs inglass arsin the Chute, A
Museum of Nature's Innovative Art.” and their loss is keenly fe

What do ? Both Stor Trek
and Geek Love epresent popul organic bod-

Jamnus the g s with techr mmalm of humar” reproduc-

and Simane he tion. In Star

dwart create znnlhev Kind of being altogether, :Ilhough m:llv agamsl n.m In Gm

N - - — Love, the Bi

{0 create humans with a difference, offspring who will serve  use-

uwARIZO N A ful purpose in the family trade. Both stories describe possible

visions of human/technological interfaces, now and in the future,
‘one characterized by force and domination and the other charac-

y of the popular imagination. The
cultural visions of Star Trekand Geek Love also represent and
relinterpret practices of contemporary technoscience through
which a multtude of cyborgs have been and are produced. The
cyborg figure i indeed becoming ubiguitous in our “postmodern,”
“posthuman’ world.

A number of people have commented on the degree to which we
are now living in 3 "cyborg society.” surrounded by other cyborgs
of all shapes, colors, sizes, and technical specifications (Haraway
1985; Downey, Dumit, and Willams 1992; Gray 1995). While it is
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certainly the case that cyborgs, like television talk-shows hosts, seem to be popping
up all over, describing this phenomenon as a cyborg society poses some limitations
on analysis. If we are all cyborgs, then the analytic value of this concept in differ-
entiating cyborg from other identities and subject positions becomes diminished.
Further, despite a proliferation of cyborgs, there are many ways in which contem-
porary social actors both accept and resist the cyborg image. By suggesting that we
are all cyborgs, there is a danger in losing sight of these resistances, as well as of
possible differences among cyborgs.

Some useful questions in analyzing a "society of cyborgs™ might be: Under what
conditions (social, cultural, political, economic, technical, and other) are cyborgs
configured? By whom? In whose interests? For what purposes? Also, when isn't an
entity not a cyborg? By whom and under what conditions does resistance to cybor-
gism occur? For whom and in whose interests are cyborgs "pleasurable®? For whom
and in whose interests are cyborgs "dangerous™? Who or what is implicated (bodily,
economically, technically) in the production of cyborgs? In short, I am
arguing that cyborgs need to be (re)situated within the
conditions of t{IEl-T origin in order to make sense of them
analytically and politically. By doing so, we can begin to address some
of these questions. Cyborgs in our accounts should not float in space like the fetus
in the movie 2007 because they do not do so in actual practice. Our representa-
tional practices should include situated framings (Haraway 1991; Clarke and
Fujimura 1992), and resistances should also be represented in our accounts.

| explore these issues through an analysis of fetal cyborgs and technomoms on
what | call the reproductive frontier. More specifically, | suggest that our social,
political, and technical landscapes are characterized by a proliferation of technofe-
tuses and other fetal cyborgs, such as those envisioned in fictional accounts. Across
multiple and diverse social worlds, fetuses and technologies are being combined in
diverse ways by social actors to produce new and different fetal bodies and subjec-
tivities.” One key difference between fiction and its milieu, however, is that "real
world™ accounts of fetal cyborgs have a distinct—and often urgent—political edge,
particularly in the US. Unlike the Borg, whose offspring develop in metal drawers,
but like Lil Binewski whose progeny are home-grown, most of the fetal cyborgs
which | discuss here are embodied; they occupy the highly contested uterine space
of a pregnant woman's body* Thus, to talk about {etal cyborgs and
technofetuses is necessarily to talk about maternal
cyborgs, or what I call technomoms,* not all of whom are as
well-served as Lil Binewski by transformations in fetal ontology and corporeality.

Below, | first discuss some heterogeneous fetal cyborgs and technomoms located at
the intersections of organic bodies (fetal and female) with contemporary scientific,
technological, and medical practices. | then focus more concretely on experimental
fetal surgery, a set of practices in which fetuses are transformed into patients and
subjects via technological intervention, with often profound consequences for the
pregnant women involved.® Last, | return to the i1ssues raised above and consider
some theoretical "pleasures and dangers” of using cyborg approaches to conceptu-
alize and analyze the substantive issues raised here, Fetal cyborgs may indeed be
*monstrous and illegitimate,” but whether they also serve as sites for "resistance
and recoupling” (Haraway 1985:154)—and if so, for whom—remains to be seen,
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A Carnival of Fetal Cyborgs and Technomoms

In the Museumn of Science and Industry in Chicago there is an exhibit of human
embryos and fetuses, pickled and floating in jars for daily public viewing by those
with access to the museum. Dating from the 1930s, the fetal remains supposedly
are there to teach museum-goers, many of whom are school-age children, about
human development, life, and other grand topics. | remember being fascinated by
this display as a child on countless field trips to the museum. Although | have not
seen these pickled fetuses in over a decade, reading the description of the Chute in
Geek Love vividly reminded me of the exhibit.

It is my memories of this exhibit, coupled with aggressive public displays of alleged
fetal parts by anti-abortion zealots, the emergence of technologies for visualizing
fetuses, and the increasing public displays (on billboards, bottles, and buses) warn-
ing pregnant women to avoid "anti-fetal” behaviors such as smoking and drinking,
that have prompted my use of the term carnival here, Although this term has a
significant and fertile theoretical usage in cultural studies and anthropology (see,
e.q., Bakhtin, 1984/1968; Morson & Emerson, 1990; Reiss, 1988), | am using it more
simply here to refer to the American carnival tradition in which the strange, the
monstrous, and the grotesque, geeks and freaks alike, have been subject historically
to public visual consumption. From Siamese twins to bearded ladies, this tradition
has created economic and cultural capital out of human difference, as is richly
conveyed in Geek Love.

The term carnival used in this sense captures two elements of reproductive cyborgs
that are crucial for my analysis. First, many reproductive practices (rejconfigure
pregnant women and fetuses in startling new ways that challenge pre-existing
moral, technical, and ontological boundaries. The production of strange, monstrous,
and grotesque fetal cyborgs and technomoms, while fascinating, serves to remind
us of just how different they are and, more importantly, of what is lost or gained in
the translation. Second, the carnival metaphor marks visualization as an important
aspect of these practices. In the late twentieth century, pregnant women and their
fetuses are visual objects, not just in terms of optically viewing them but also in
the degree to which they are embedded within a range of material and discursive
practices. Fetuses, uterine spaces, pregnant women's bodies, and "woman’s place”
are all highly contested, intently and intensely visualized, and multiply configured
and reconfigured. What follows is an attempt to make some sense of the carnival
of fetal cyborgs and technomoms.

A host of contemporary technological practices in both
science and medicine have made pﬂBEliEIB the emergence
of a plethora of fetal cyborgs and technomoms. Because of the
bodily location of fetuses, maternal and fetal transformations are intersecting
components of the same process of hybridization. All of these technologies
(re)configure fetuses and pregnant women, transforming them from “naturalized”
organic entities into something else. Yet the shape of that "something else” is con-
tingent upon the specific technological practices involved and the social relations
within which these cyborgs are produced and situated.

The technologies | discuss include fetal visualization technologies; fetal diagnostic
technologies; technologies which enable a fetus to live inside a brain-dead
woman's body; technologies which transform aborted fetuses into materials for
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scientifc research and biomedical therapy; technologies which provide physiologi-
cal knowledge about fetuses; and an array of fetal treatment technologies” In the
realm of “human” reproduction, each of these technologies represents a possible
response to the question, Mommy, where do cyborgs come from anyway?” (Clarke,
1993). The categories | use below to organize these technologies and their fetal
and maternal products are porous; there is considerable trafic in fetal cyborgs and
technomoms across these different practices, and multiple simultaneous transfor-
mations are common.

Technologies of “Vision™

Ultrosound view ot
19 weels

Technologies of vision allow a fetus in utero to be seen by those outside of a
woman's uterus; these technologies transform embodied fetuses into symbolic film
images" The most significant of these technologies is ultrasound, originally devel-
oped as a technique for detecting submarines during WWII (Oakley, 1984)’ Using
sound waves to take 3 picture of the fetus, ultrasound enables physicians to “ren-
der the once opague womb transparent, letting the light of scientific observation
fall on the shy and secretive fetus" (Harrison 1991:3). How does the technology
work? A pregnant woman, having consumed massv quantites of waty, s on
her back with her abdomen exposed. A techni-
cian caats her belly with a jely-fike substance
(usually shockingly cold), and then runs a scan-
ner back and forth across her abdomen. The
scanner bounces sound waves off of her
“insides including the fetal being lodged in
her uterus Sometimes, in order to get a “bet-
ter” picture, the newer technique of vaginal
ultrasound s used, in which a phallic
condom-covered wand is inserted into a
woman's vagina; the wand bounces sound
waves through the cervix and into the uterus.

Ultrasound's main use is in diagnosing fetal
abnormalities which can be seen sonographi-
cally, usually structural andfor organic problems
ather than genetic defects. Ultrasound i, in the US, a foutine part of prenatal care,
at least for women who have access to it Ultrasound images are used to detect
anomalies in fetal growth, to expose birth defects, to “see” how many fetuses there
are, to determine gender, and to otherwise ascertain “normaity” in pregnancy. It
does these things by transforming an embodied fetal entity into a series of photo-
graphic images on film. Clinicians focus on these images in making treatment deci-
sions, eschewing more “raditional” forms of fetal diagnosis involving direct physical
contct witha pregrant woraris body orcamle at mz\ treatment m:ﬂmgs at
here ere

patients in the room; all eyes. Ioms on the ultrasound wmaqes which osensily reg-
resent the fetus in question. The ultrasound image does not show" the mother but
rather symbolically and visually excerpts and isolates the fetus from her body. In the
domain of clinical decision making, these visua fetal cyborgs replace the organic
fetal beings il inside their mother's bodies in another part of the hospital or at
home. The representation becomes the phenomenon
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The impact of visualization technologies is not limited to biomedical domains;
often these images seep into public consciousness via cultural channels. For exam-
ple, ultrasound provides "snapshots” of a developing fetus for a pregnant woman;
in this sense it becomes a high-tech method of getting baby's first picture for the
family album. Such images are also deployed by political groups intent on granting
fetuses personhood in an effort to restrict abortion rights (Petchesky, 1987; Rapp,
1990). Anti-abortion groups display these images publicly, as in the propaganda
film The Sifent Scream, using their "erasure” of pregnant women to reframe the
maternal-fetal relationship as one of opposition.” Ultrasound works in this sense
because "the maternal space has, in effect, disappeared and what has emerged in
its place is an environment that the fetus alone occupies” (Stabile 1992:180).

Of course, within a capitalist framework, once these images become part of the
cultural landscape they may also penetrate economic domains. Taylor (1993:602)
documents the use of ultrasound images in an automobile advertisement, with
accompanying text asking "Is something inside telling you to buy a Volvo?" As she
points out, this public exhibition of the fetus (or technofetus, in my framing)
speaks to multiple interpretations about abortion, life, and so on, depending on the
situation of the reader/viewer/consumer. In this sense, fetal images become part of
the cultural repository from which economic actors can draw to sustain capitalism.
Ironically, women who have limited access to ultrasound are also unlikely to pur-
chase a Volvo, vehicular icon of the middle-class family.

In short, visualization technologies like ultrasound recon-
figure {fetuses as cyborg images, gray-scale “baby pic-
tures” on high-resolution photographic {ilm. These images
become “immutable mobiles” (Latour, 1987) which convey fetal cyborgs across
multiple domains. The "power of visual culture” (Petchesky, 1987) is indeed on dis-
play in these practices.

Technologies of “Diagnosis”

Other prenatal diagnostic technologies—amniocentesis, chorionic villus sampling,
and blood tests are discussed here—also configure fetuses but in quite different
ways. These technologies transform fetuses into streams of quantitative clinical data
rather than visual images. In this sense, they might be conceptualized as “digitaliza-
tion™ technologies (Mesman, 1993)." Of course, as with ultrasound, access to these
diagnostic technologies may be contingent on other factors such as class and race.

In amniocentesis, fluid is withdrawn from a pregnant woman's amniotic sac trans-
abdominally using a large needle, usually during the second trimester of pregnancy.
The fluid, which contains fetal cells, is then cultured and analyzed, particularly for
chromosomal anomalies and neural tube defects. The newer technigue of chorionic
villus sampling (CVS) can be used in the first trimester, and is thus often seen as an
alternative to amniocentesis. In CVS, a catheter is inserted through a woman's
cervix and directly into the chorion, the outermost fetal membrane. Villi, or small
hair-like projections on the surface of the membrane, are removed using a syringe,
then separated from maternal tissue and cultured. Like amniocentesis, CVS is a
technique for diagnosing genetic abnormalities. Significantly, both amniocentesis
and CVS are invasive diagnostic technologies, and may cause a pregnant woman to
miscarry her fetus. These technologies are thus implicated in issues of maternal and
fetal safety and risk.
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The third diagnostic technique, a simple blood test of the pregnant woman, is still
expenimental but could potentially avoid the risk of spontaneous abortion because
there is apparently little danger to the fetus In this technigue, clinicians sift
through a sample of maternal blood using cell sorters to find the small number of
fetal cells that migrate through tiny fissures in the placenta. The fetal cells are then
examined for genetic abnormalities using a technique called fluorescent in-situ
hybridization (FISH), which marks certain chromosomes for viewing under a special
microscopic light. Unlike amniocentesis and CVS, which are common but not yet
routine, a diagnostic blood test could easily become an integral part of prenatal
care. It would likely be less expensive (and thus more accessible to women of lower
economic classes), could be done earlier in pregnancy, and may be used in conjunc-
tion with other blood tests to determine the health status of a pregnant woman
and her fetus.

Just what information does prenatal diagnostic data, or digitalized fetuses as con-
structed by these technologies and interpreted by medical personnel, offer preg-
nant women? Most significantly, it tells them (or at least claims to tell them)
whether or not their fetuses are genetically defective or monstrous. Yet because
there are currently very few treatment options for genetic diseases, prenatal diag-
nosis leaves most pregnant women with only two “choices”™: abort or carry a poten-
tially "defective” baby to term, often with significant clinical and social
ramifications. We are, after all, a culture which values “perfect” rather than *maon-
strous” babies, unlike the traveling Binewskis." Last, testing also discloses fetal
sex/gender, prenatal diagnosis is perhaps one of the first social attributions of
*female” and "male.”

Prenatal diagnostic testing may also profoundly affect a pregnant woman's experi-
ence of pregnancy and of her fetus. Rothman (1986) has arqued that amniocente-
sis transforms pregnancy into a “tentative® event, contingent on the outcome of
testing. Pregnant women often do not allow themselves to define their fetuses as
potential babies until they have been given a digital seal of approval. Ironically,
until a fetus has been transformed into a type of fetal cyborg via prenatal diagnos-
tic testing, it is less "real” for the pregnant woman carrying it, although this may
vary by race, ethnicity, and class differences among women. As Rapp (1990:41) has
pointed out, "amniocentesis and other new reproductive technologies open a
Pandora’s box of powerful knowledge.” However, it is not only knowledge that is
produced by these new technological practices; fetal cyborgs also spring out of the
box when it is opened, with critical consequences.

Technologies of “Life”

With prenatal diagnostic technologies, pregnant women's experiences of their digi-
talized fetuses are affected because the women are living, acting subjects. In post-
mortem maternal ventilation (PMV] (Murphy, 1989), the women are neither. PMV
uses relatively “simple” life-support technology to sustain pregnancies in
brain-dead women so that their fetuses may grow to viability, at which point the
fetuses are "delivered.” Pregnont codavers are brain-dead women whose fetuses
are still alive, while ventiloted pregnont codavers are bodies to which ventilation
must be applied in order to sustain the fetus (Murphy 1989). Unlike non-ventilated
cadavers, ventilated pregnant bodies retain a fleshy skin color, are warm to the
touch, and lack the stiffness of dead bodies, thus simulating the state of being
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“alive.” They are, however, lacking in all consciousness.

What kind of fetal cyborg is created by PMV? After all, these fetuses are not trans-
formed by an external technology into something else; they are still in their dead
mothers' wombs, "safe” from intervention. How, then, is a PMV fetus different from
a "natural” fetus? In this practice, it is the pregnant woman (or the organic part of
her body that remains alive) who/which is transformed into a cyborg via elaborate
life-support and/or ventilation technologies. Yet a funny thing happens on the way
to the morgue: the pregnant woman's body becomes the technology which trons-
forms the fetus. The dead pregnant woman—and thus the fetus which is part of
her body—become different entities than when pregnancy began. That which sus-
tains the fetal cyborg is no longer the warm touch of a living and conscious
woman's womb; it is technomom and the various "technologies of life® pumping
through her “dead” body. In PMV, the fetus is like an astronaut (or uteronaut?), an
organic passenger inside the space capsule of a dead woman's body.”

Hartouni (1991) has argued that the discourse around PMV reflects the view that
motherhood is a "natural® condition and a state of bodily being, rather than a
deliberate social activity." She suggests that only in a context in which pregnant
women are reduced to "biological tissue and process"—or technomom in my fram-
ing—does a headline such as "Brain-Dead Mother Has Her Baby™ make sense.
Discursive r{presmtatmns of PMV in which brain-dead women are rtpcrted to
“have” babies delete "the third-party intervention, the hand that reaches into a
surgically opened uterus and removes the fetus, the technology that permits the
crossing of a hitherto uncrossable border” (1991:32).

The fetocentricffetophilic practice of PMV thus blurs distinctions between the
physiological event of pregnancy and women’s experiences of it. As Hartouni
points out, this lends credibility to the idea that being brain-dead and having a
baby are not necessarily mutually exclusive states. Yet such a practice is possible
only under conditions in which both fetuses and pregnant women are transformed
into cyborgs, one vitallyfvirtually dead and the other alive but not yet born.

Technologies of “Death”

While PMV is (claimed to be) a technology of fetal life but in fact sustains maternal
death, abortion is claimed (by some) to be a technology of fetal death but is in fact
a technology of maternal life. It all depends on how we define “life,” one of the
most contested identities in the late twentieth century. Abortion—whether using
saline solution, suction and catheter, or surgical tools—transforms a living, embodied
(and sometimes impaired) fetus into a mass of tissue, cells, and possibly organs
(depending on the technology used and the stage of development). For the most
part, aborted fetal material is destroyed in a manner consistent with other organic
biomedical waste, particularly if it is "defective” in some way.” Anti-abortion
activists’ claims and public displays notwithstanding, aborted human fetal tissue
rarely ends up in Mason jars on the front lines of the U.5. abortion wars." Yet under
particular ethical, economic, and political conditions, abortuses (dead fetal cyborgs)
are used in fetal tissue research, a fairly broad category of biomedical practices
including fetal physiological research, development of fetal cell lines, tissue trans-
plantation, and other basic scientific research, such as the Human Genome Project.”

Significantly, unlike fetuses which are transformed by diagnostic and other tech-
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nologies, fetal cyborgs in tissue research are transformed into tools for research
and therapy.” These fetal cyborgs, disembodied and "dead” but nonetheless organic,
are used as therapies for diseases such as Parkinson's and Alzheimer's, in which
fetal cells are directly transplanted into patients' brains (Kopin, 1993) and in
fetus-to-fetus transplantation for genetic and other defects (Zanjani, 1993). They
are also used as research tools in the establishment of fetal cell lines to study dif-
ferentiation and growth, in the replication of viruses for developing and testing
vaccines, and in screening pharmaceutical agents to determine whether or not
they create "monsters” (see, e.g. Redmond 1991).

Fetal tissue is an ideal research material because fetuses have a limited immune
system, grow rapidly, and are extremely biologically plastic—all of which enable
fetal tissue to be integrated physiologically into another organism with little or no
adverse response from the host. Fetal tissue is also unlikely to be contaminated or
pathological, and it can be preserved and then reanimated, as in cryopreservation
where it is frozen and subsequently revived. For these reasons, fetal tis-
sue is like Play-Doh™ for many scientists, easily manipu-
lated and shaped into all sorts of baroque cyborganic
configurations.

Most fetal tissue originates in abortion practices, which are highly contested in the
LS. at this historical moment. Because of this fetal tissue is seen as tainted, both
politically and ethically. Scientists thus work very hard at attempts to distinguish
their research from the political domain. Their strategies have included, for exam-
ple, investigating the use of alternatives to “fetal cyborgs™ in tissue research such
as using tissue from spontaneous abortions and ectopic pregnancies (both “natur-
al® events), using yolk sac or placental tissue, and developing fetal cell lines using
biotechnologies. Many scientists also advocate xenogenic transplantation, or the
use of animal fetal cyborgs, to avoid the political and ethical problems of human
research.” In short, although dead fetal cyborgs are standard material in fetal tis-
sue research and transplantation, their production has been constrained and their
use is hotly contested because of their direct relationship to abortion practices.

Technologies of “Pain”

Fetuses (both *human® and “non-human®) are transformed also through basic bio-
medical research geared toward understanding fetal physiology. One example is
research focused on fetal wound healing mechanisms, originally related to how
fetuses heal without scars following prenatal surgery (Adzick & Longaker, 1992).
Adult wound healing is generally understood as a series of specific events, includ-
ing wounding, inflammation, cell proliferation, and formation of fibrous tissue.
Fetal wound healing occurs without inflammation or the formation of such tissue
and is thus more akin to regeneration than to the scarring process in adults.
Indeed, the younger a fetus is at the time of surgery, for example, the more likely it
is to regenerate and to be born without post-surgical scars. As one fetal surgeon
remarked, "the only way we could find the incisions on some of these babies was
because the stitches were still in place.”

As with much fetal research, political and ethical constraints on practice have led
scientists to investigate two major alternatives to experimenting on human fetuses
outside of fetal surgery, both of which vividly illustrate constructions of fetal
cyborgs: animal models and in vitro models. In addition to human fetuses, fetal
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wound healing research has been carried out on chick embryos, opossums, guinea
pigs, mice, rats, rabbits, sheep, and non-human primates (Adzick, 1992; Krummel &
Longaker, 1991). Despite a short gestation, the rabbit is the most widely used ani-
mal model, while non-human primates are considered the most rigorous in terms
of applicability to human fetuses.™ In all animal models, wounds and lesions are
simulated and examined by researchers using assay systems, wire mesh cylinders
implanted under animals’ skin, and other *wounding® technologies, thus physiolog-
ically transforming fetal bodies and likely causing a great deal of pain and eventual
death for fetuses and the pregnant females in which they exist.

Avoiding some of these issues, in vitra models are used to study the effects of local
biochemical factors on fetal wound healing. In this type of research, wounded tis-
sue is surgically removed and isolated from the rest of the organism and main-
tained in laboratory conditions using cultural media. Scientists investigate the role
of circulating cells which migrate to the wound site and are incorporated into the
wound healing process. One example of the in vitro technique is the sheep explant
model, in which pieces of fetal sheep skin are placed on gauze in culture dishes and
combined with different substances. Different combinations of fetal sheep skin and
growth factors are then analyzed for effects. Both models permit manipulation of
fetal wound healing “in a controlled fashion,” allowing scientists to "elucidate some
of the individual components that participate in the phenomenal process of scar-
less fetal skin repair® (Burd, Longaker et al. 1992:262).

Not only are fetal cyborgs created via these practices but, unlike the other fetal
cyborgs discussed, these are scorless, evoking the phantasma of contemporary sci-
ence fiction.” This unique quality means, for example, that the production of fetal
cyborgs at this particular site is of potential interest to actors outside of biomedical
domains, such as the cosmetics industry. Here, as in areas discussed above, we see
the interpenetration of science and medicine with both cultural and economic
interests, lending a capital twist to notions of the “traffic” in fetal cyborgs. It also
means that fetal wound healing provides scientific justification for prenatal treat-
ment; if surgeons can repair a fetus prior to its birth, recovery is claimed to be
faster and cascading disabling conditions and diseases may also be prevented.

Technologies of “Healing”™

Last, an array of biomedical technologies have been used to transform fetuses into
clinical patients, beginning with the administration of penicillin to pregnant
women with syphilis in the 1930s. Pharmacological intervention has remained a
staple in the fetal treatment arsenal since that time for problems ranging from bio-
chemical defects to premature labor (Schulman & Evans, 1991). Other fetal thera-
pies include nutritional supplements for fetal growth and development (Harding &
Charlton, 1991); fetal blood sampling (FBS), also called percutaneous umbilical
blood sampling (PUBS), for treatment of Rh incompatibility, chronic maternal/fetal
hemorrhage, infections, and other problems (Moise, 1993); selective termination of
a "defective” fetus, particularly when there is more than one fetus per pregnancy;
the use of corticosteroids in preventing respiratory distress syndrome in premature
infants and in facilitating fetal growth and development; the use of catheters and
other needles to drain fluids from malformed organs, such as blocked urinary tracts
(Harrison Et Filly, 1991); and many other forms of fetal treatment.”™

Potential future treatments currently under investigation include gene therapy in
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utero, in which genes are inserted into a living fetus in order to correct genetic
deficiencies (Karson and Anderson 1991); fetus-to-fetus transplantation, in which
fetal cells from a dead fetus are transplanted into a living fetus in utero
(Crombleholme, Zanjani et al. 1991); and experimental fetal surgery for a variety of
structural defects (discussed below). These future treatments also invoke ideas from
contemporary science fiction. Genetic therapies are especially touted as the wave
of the future given current scientific and economic investments in mapping the
Human Genome. One of the selling points of the project has been the claimed
downstream biomedical and clinical applications in treating diseases

Like many of the other technologies discussed, fetal treatments require intervention
not only into fetal bodies but also into maternal bodies. Accessing the fetus neces-
sarily means somehow getting through or around a pregnant woman's body. Unlike
ultrasound diagnosis, where access is gained visually, access in fetal treatment is
physical, material, and corporeal. With pharmacological therapies or nutritional sup-
plements, this may involve something as “low-tech” as a pill or intravenous access,
Yet many fetal therapies require major sustained intrusion into a pregnant woman's
body, ranging from catheterization to suction to surgical penetration via cesarean
section. Further, in most fetal treatment cases, with the exception of Rh incompati-
bility and a handful of other disorders, there is nothing physiologically wrong with
the pregnant woman. This has significant implications, | argue, for how pregnant
women and their fetuses are perceived culturally and clinically.

Below | focus my analytical lens more directly on fetal surgery as a site at which
both fetal and maternal cyborgs are produced via the “healing” practice of experi-
mental fetal surgery. By discussing this particular practice in greater depth, | hope
to more fully illustrate the argument | have been making about technofetuses and
fetal cyborgs. | use the fetal surgery case as a springboard for a broader discussion
of some theoretical issues which | have raised here, including the need to situate
cyborgs within the sites and conditions of their production in order to adequately
analyze them.

Experimental Fetal Surgery: Fetal Cyborg, “Human” Patient

Surgical fetal cyborgs are situated within a broader domain of heterogeneous med-
ical cyborgs. As Gray (1995) points out in a discussion of artificial implants and
organs, "a quick tour of the human body, from the head to the toes, will offer some
idea of how many ways medicine can turn humans into cyborgs.” Medical cyborgs
are not created solely by implants and organs, however, they may also be produced
through surgery and other biomedical interventions claimed necessary for healthy
bodies. | add the uterus and its contents, the *final frontier® in medicine according
to some of my informants, as a relatively new site of medical cyborgization.

As part of an array of medical practices which produce cyborgs, fetal surgery is also
embedded within the economic and political context of the LS. health care sys-
tem. Who gets access to this practice shapes what kinds of cyborgs are produced
and with what consequences. Because of the dynamics and politics of health care,
maoreover, investing in fetal surgery as a therapeutic option may divert resources
from other clinical practices, such as routine prenatal care which is already unavail-
able andfor inaccessible to many women under the current system. Questions also
remain about whether fetal surgery will compete with other high-tech practices
such as PMV, IVF, and the like.
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Fetal surgery, a relatively new biomedical procedure still considered experimental, is
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Perhaps the most important “technology” in fetal surgery, however, is the pregnant
woman, o technomom, wh s referred to by surgeons as “the best heart-lung
machine available.” AS mentioned, surgeons must penetrate a pregnant woman's
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body in order to access their fetal patient. This involves surgically slicing through
multiple layers of skin, tissue, fat, and muscle to reach and expose the uterus,
which is then held open during surgery with large metal clips. Maternal and fetal
anesthetic is applied via intravenous access into the woman's vascular system. A
variety of pharmacological agents to prevent pre-term labor, called tocolytics, are
also used. Throughout surgery, the pregnant woman is as carefully monitored as
the fetus via an arsenal of imaging and recording technologies. Thus, fetal surgery,
like post-mortem maternal ventilation and other practices, transforms pregnant
women into maternal cyborgs for the maintenance of technofetuses.

These practices continue in the post-surgical period, when premature labor contin-
ues as a major threat and fetuses are defined as being at particularly high risk.
Because pregnant women and fetuses are so intimately linked, maternal clinical
management is considered a priority in fetal surgery. The overriding goal is to
ensure the survival of the fetal patient which has been so "painstakingly” repaired.
Thus, pregnant women are subjected to considerable technological intervention
throughout the remainder of their pregnancies. For example, immediately following
surgery they may be whisked off to a Fetal Intensive Care Unit (FICU), where
high-tech medical care is provided to the fetus through its mother’s body. In the
post-operative period and up until birth, premature labor remains the most critical
problem surgeons face. The pregnant women must administer tocolytics to them-
selves every day through IV lines which have been semi-permanently inserted into
their bodies. Technological intervention continues at birth, when cesarean section
is invariably used to deliver the fetus.™ In short, multiple technological practices
both during and after surgery produce maternal cyborgs, technomoms whose
health status is claimed to profoundly affect fetal outcome.

The degree to which fetuses and pregnant women are transformed into cyborgs in
fetal surgery is striking. Fetuses become cyborgs through the application of various
technologies, including the transformation of pregnant women into technomoms.
Yet what is also distinctive about fetal surgery is the way in which fetuses are con-
figured as human subjects in what is currently defined as an experimental treat-
ment (Casper, 1994). Fetuses are continually referred to by surgeons and others in
both humanist and gendered terms, as “he,” "the kid,” and so on. Yet the most sig-
nificant way in which fetal humanity is accomplished is by configuring fetuses as
distinct patients amenable to treatment. Patient, in this framing, becomes a subject
position contingent upon certain ontological assumptions about what it means to
be human.

Ironically, then, technologizing fetuses, turning them into
cyborgs, may serve to make them seem more “naturally”
human. Recognizing that both a fetus and a pregnant woman must first be
transformed into cyborgs before the fetus can be defined as an individual patient
counters biomedical notions of fetuses as natural entities, nestled in the womb
awaiting clinical treatment. Fetal status is relational, both socially and culturally
constructed, rather than inherently given by nature. This is the case whether the
person forming the relationship is a pregnant woman (Rothman, 1989; Sherwin,
1992] or a fetal surgeon. Conversely and simultaneously, pregnant women are
dehumanized by being constructed as cyborgs within fetal surgery; they are con-
strued as technical components of a fetal surgery unit and become *maternal
intensive care units” rather than patients or actors. Thus, while both pregnant
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women and fetuses are transformed into potent cyborg figures through surgical
practices, the consequences for each may be quite different because they become

very different types of cyborgs.
Resituating Cyborgs: Bome Analytical Possibilities and Limitations

| have discussed an array of heterogeneous fetal practices, ranging from visualiza-
tion technologies such as ultrasound to experimental fetal surgery. Throughout, |
have drawn attention to the various ways in which both fetal and maternal bodies
are transformed into cyborgs. On display in the carnival | have described are organic,
embodied fetuses reconfigured as photographic images, as digital data, 88
“uteronauts” inside brain-dead technocapsules, as pliable
research materials and biomedical therapies, as wounded and scarless research
objects, as biomedical patients, and as "human® subjects in experimental treatments.
Simultaneously, pregnant women appear in the carnival of cyborgs as technomoms,
as bodies made transparent by imaging technologies, as bodies made tentatively
symbolically non-pregnant by diagnostic technologies, as living dead tech-
nocapsules for fetal uteronauts, as mother lodes for fetal parts to be
used in science and medicine, and as technologies of healing on behalf of fetal
patients. How are we to make some sense out of this grotesque, carnivalesque dis-
play of fetal cyborgs and technomoms?

In attempting to do so, | again turn to the stories with which | began. While fetal
cyborgs figure prominently in both Stor Trek and Geek Love, there is a fundamental
difference in how they are represented. The Borg are not interested in finding out
whether organic life forms actually desire to become cyborgs; their battle cry is
after all, “resistance is futile.” This particular cultural vision of cyborgism is one in
which cyborgs, “personified” by the Borg, are threatening, scary, and downright
mean. Yet totalization is not complete, despite the Borg credo; resistances do occur
and Captain Picard is eventually rescued by his loyal crew. But the Borg remain a
long-term threat to the Federation and its (mostly organic) members. In Geek Love,
on the other hand, Lil Binewski appropriates several technologies for her own
familial and economic purposes. Indeed, given her family's unique set of physiog-
nomic characteristics in an otherwise "normal” society, continuing to configure her
fetuses as carnivalesque may itself be an act of resistance.

On the reproductive frontier, fictional or otherwise, where do pregnant women and
their fetuses fall along the continuum between resistance to cyborgism and recou-
pling by cyborgism? In other words, when do we choose to be cyborgs, when do
cyborgs choose us, and when is it inappropriate to speak of choice in what is fast
becoming the age of cyborgs? Let us return (figuratively speaking) to the uterine
spaces of pregnant women's bodies, to fetal cyborgs. Cyborg perspectives are highly
useful in pinpointing the multiple ways in which fetuses are (reJconfigured techno-
logically in the late twentieth century. As Haraway (1985) has argued, cyborg are
important precisely because they resist being encoded as natural. Positioning fetus-
es as | have in this essay allows for a critique of the social and technical relations
which produce fetal and matemal cyborgs. This analytic strategy thus enables us to
recognize that fetal cyborgs are, or were at one time, embodied although not nec-
essarily natural entities. Fetal cyborgs are produced by women's bodies and, in
many cases, are transformed within women’s bodies. Thus, the cyborg image shows
us that part of the process of making fetal cyborgs is turning pregnant women into
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technomoms, into originators and maintainers of technofetuses.

And what about these technomoms, the pregnant women in whose bodies fetal
cyborgs are engendered? The new subjectivities produced via cyborg transforma-
tions are often seen as potential sites for political action (Haraway 1985). In the
cyborg carnival, however, women's agency (unlike their bodies) is often not on dis-
play. Yet in many of the technological practices discussed above, pregnant women
must exhibit some agency in using certain technologies for specific reasons. For
example, many women “choose” to use prenatal diagnostic technologies to prevent
babies with genetic diseases. Women also "choose” abortion technologies for a
variety of reasons and often in the face of considerable resistance. And a growing
number of women are “thoosing” to submit their own bodies to biomedical inter-
vention for the benefit of their fetuses, as in experimental fetal surgery or to get
fetuses in the first place through infertility services.

On the other hand, brain-dead pregnant women are incapable of making any
choices; for these living cadavers, resistance is not merely futile but impossible. And
women from whom fetal tissue is removed and subsequently used for research and
therapy have no say in how such materials will be used. This diversity of practices
tells us that for pregnant women, choice is contextual, both enabled and con-
strained by the options and technologies available. Thus, while for some women
the subject position of technomom may indeed be a site for political action, for
others it may be a position of severe pain and oppression.

Stabile (1992:200) has argued that "the promise of monsters and of the cyborg
should not blind us to the cyborgs being forced upon us.”™ Although this cautionary
statement is compelling, it is nonetheless impaortant to insist on the cyborg figure.
Cyborg perspectives provide an analytical lens into the making of cyborgs on the
reproductive frontier and elsewhere. While cyborg positions are not necessarily
sites for political action for some “subjects” (obvious cases are fetuses and dead
pregnant women), it is almost certainly a political act for social and cultural ana-
lysts to identify somethingfsomeone as cyborg and thus to raise some possibilities
and dangers of that positioning. For example, by focusing on a multitude of fetal
cyborgs and technomoms, | have paved the way for asking: Lnder what
conditions are pregnant women able to resist becoming
cyborgs and, conversely, when are pregnant women able
to derive pleasure and economic benefit in being trans-
formed into cyborgs, like Lil Binewski? The cyborg figure as an analytical
tool allows us to ask these and other critical questions by situating the actual prac-
tices and their products at the center of attention.

Yet it would be a mistake to apply this tool indiscriminately by beginning with an
assumption that we are all cyborgs To do this lessens the analytical value of the
concept, as well as poses limitations on our understanding of resistance. As illus-
trated in the carnival of fetal cyborgs and technomoms displayed above, there are a
range of positions representing different dimensions of humanftechnological inter-
face. | suggest the proliferation of cyborgs might best be conceptualized as a con-
tinuum, with “choice” at one end and "no choice” at the other. As a way of avoiding
the potential dichotomy this sets up, | acknowledge at the outset that most
cyborgs will fall somewhere between these two options. Analytically, our task is to
place cyborgs along this continuum and attempt to resituate them within their
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conditions of origin. This enables us to see the actual cyborg-making practices, as
well as any resistances to these,

When it comes to cyborgs, and to understanding our own position(s) within a soci-
ety of cyborgs, it is important to remember that despite the Borg's attempt at
hegemonic political discourse, resistance is not futile and does occur in diverse
ways at multiple sites. Like the Binewski's Carnival Fabulon, there is a place for the
monstrous, the illegitimate, and the grotesque. Yet somebody needs to make sense
of the carnival of cyborgs, technomoms, and other contemporary hybrids located
on the reproductive frontier and other landscapes Perhaps it is up to cyborg ana-
lysts, conditioned to seek out heterogeneous intersections of the organic and the
technological, to go where no one has gone before. Which way to the carnival?

1. "The jars were Al's failures. "And mine; Lil would always add. She would spray the big jars and polish
them. She would talk softy, all the while, to the things floating in the jars or to whoever was with her. She
remembered the drug recipe Al had prescribed for her pregnancy with each one, and reminisced about the
births. There were four who had been born dead: Clifford, Maple, Janus, and the First. "We always say Arty
is our firstborn but actually Janus was the first; Lil would say as she peered into the fluid that filled wp the
jar, examining the small huddbed figure that floated upright inside® (Dunn 1989:53).

2. The distinction between “cyborg society” and a “society of cyborgs® belongs to Joe Dumit. See Gray
[1995) for a detailed discussion of these terms.

3. Some fetuses may well be conceptualized as semi-cyborgs, to borrow Gray's [1995) framing.
Semi-cybongs are characterized by intermitient or temporary human-machinge symbiosis. “Uniike a pure
cyborg where the artificial body part(s] are permanenthy attached, semi-cyborgs are perfect examples of
the spreading cyborg society which imvalves the simultaneous and progressive linking and unlinking with
various machines such as automobiles, computers, and telephones” (1995:8). Fetuses are excellent candi-
dates for semi-cyborg status, as they are in transition from one stage of development to another. Because
of this fluid, emergent, and transitory state, fetuses are particularly malleable, and the shape of their
development is easily influenced by technalogical intervention. A not-yet-finalized entity is perhaps the
best kind to transform.

4, Throughout this paper | use the term "embodied fetuses™ to refer to fetuses located within pregnant
women's bodies. | am nof using it to describe fetal bodies themselves.

5. A quick note on the origins of this term. In fetal surgery, where most of my field work has been done,
medical actors invariably refer to the pregnant women as "Mom,” In their usage it becomes a technical
term, but one which also represents the relationship between pregnant women and their fetuses as “nat-
ural” Yet as feminists have long argued, mother/mom is a social rather than a natural category, shaped by
familial, economec, political, and cultural relations. Drawing on these perspectives, | have coined the term
“technomom” 1o counteract the tendency in clinical and scientific practices to naturalize relabonships
between pregnant women and their feluses. Plus, the first part of the term specifically peints to the high -
by technologized ways in which pregnant women are constructed throwgh these vanous practioes

€. The empirical work presented in this essay comes from my dissertation (in progress), entitled The
Moking of the Unborn Potient: Gender, Work, and Science in Experimentol Fetal Surgery, 1960- 1993,
Methods include ethnographic fieldwork in a fetal treatment unit at a major urban medical center, inter-
wviews with key actors, observations of fetal surgery, participation in weekly staff meetings, and attendance
at clinical presentations and conferences.

7.1 should say a few words about technologies | will mot discuss in this paper. In vitro fertilization (IVF), for
example, aids in the production of embryos and fetuses. Although | could include IVF here as a source of
fetal cyborgs, | am limiting my discussion to the post-conception period. Meonatal technology s also
intrguing in that it enables “babies” to live who are the same age as some fetuses, thus blurring bound-
aries between whal constitutes *fetus” and “baby” Indeed, rather than being a “natural® category,
fetal/neanatal viability is in part constructed throwgh technological practices. Elecironic fetal monitoring
|EFM), another practice which transforms fetuses into clinical data, has been analyzed by Dakley [1984]
and others, | would also like to have included a discussion of "future” fetuses promised by current tech-
nologies, but do not have room to do so. For example, technofetuses appear in contemparany discourses
about sexuality and reproduction in outer space (Casper £t Moore, 1993). Because space flight poses seri-
ous risk to astronauts’ bodies via radiation and a rero-gravity envirgnment, pregnancy is seen as a poten-
tially problematic experience in space. Fetal development may be adversely affected and fetuses may
adapt physiclogically 1o a technospace emvironment; thus a baby born in space may not be able [o surive
on Earth. This would not only transform astronauts’ experiences of pregnancy, but may also radically alver
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child-rearing practices, giving new meaning to "Dr. Spock's” advice. Future accounts of fetal cyborgs and
technomoms may well include discussions of space babies.

B. Ferminist analyses of ultrasound and other visualization technologies are indebted to Petchesky's (1987)
groundbreaking and insightful discussion of fetal images and their cultural deployment.

9. An early obstetrical proponent of ultrasound remarked, “There is not so much difference after all
between a fetus and a submarine at sea” [quoted in Oakley 1984). Other visual technologies include
fetoscopy and magnetic resonance imaging (MRI1), The latter is increasingly being used in pregnancy,
although ultrasound remains the most widely used technoldogy.

10. A common refrain among the anti-abortion ranks is that if pregnant women's abdomens were made of
glass, there would be no abortions, attesting to the perceived power of the visual in contemporary culture
(Stafford, 1991).

11, Hogle (this volume) makes a similar argument concerning the transformation of donor-cyborgs into
data bases and data displays

12. Imagine how useful Lil and Al Binewski would find prenatal screening technologies. In an ironic “fic-
tion s stranger than truth® twist, they would likely screen for appropriate monsters, precisely the kind of
enfities that rost people in the “real” world attempt to screen out,

13, A number of feminist theorists have commented on the space metaphor to describe pregnancy in
which the uterus represents the space capsule and the fetus is the astronaut. In PMY, a pregnant woman's
body may seem even more like a space capsule because it is dead and therefore bess “human.®

14, Yet this may vary depending on the woman in gquestion, In 1993 a pregnant African-American woman
was shot, allegedly while attempting to burglarize somebody's home. She died, but some attempts were
made to save her first-trimester fetus. In the media coverage surrounding this event, her race, sconomic
class, and the fetus’ possible future were invariably mentioned, leading readers to wonder whether this
particularly baby was “worth® saving. Such demaographic *facts® rarely appear in media coverage of white,
middle-class brain-dead women serving as incubators for their fetuses.

15. Defective fetal tissue is of little use in scientific research, particularly for development of fetal cell
limes,

16. Yet in the contempaorary L5, fetuses do end up in the strangest places, as ilustrated by the headline
“5.F. Police Confiscate & Fetuses from Haight Street Garage Sale® (Rojas, 1994). According to the article,
palice took custody of five human fetuses at various developmental stages but were surprised to learn
that they had no legal grounds upon which to arrest the salesman, who had hoped to get $100 for the
fetuses. Apparently police took the fetuses despite the absence of a legal basis because they were afraid
children might see the fetuses and become upset. This prowides a striking contrast to the fetal exhibit at
Chicago's Museum of Science and Industry, which is seen by many children daily. It raises the question of
when it 15 acceptable to publicly display fetuses, under what circumstances and by/to whom?

17. For a more elaborate discussion of the material on fetal tissue research presented here, see Casper
(1994), As | was writing this essay, controversy erupted over a British scientist's claim that he had success
fully transplanted ovanies from aborted mouse fetuses into adult female mice, The ovaries eventually pro-
duced eggs in the adult mice, Based on this experimental work, the scientist suggested that it may be
possible to transplant ovaries from fetuses to adults in humans as a solution to [female) infertility,
Comments from leading ethicists, many of whom usually support fetal tissue transplantation research,
ranged from “the idea is 50 grotesque as to be unbelicvable” to “these are major mutations _. in public
morality” (Kolata, 1994). Clearly, mining fetuses for the matenals to make more fetuses crosses some
boundary of morally acceptable reproductive practices. This controversy also calls to mind the public
response [0 doctoss’ reports that they could make post-menopausal women pregnant via NF practices
Here the boundary that was violated had to do with taken-for-granted understandings of what a mother
ig, and how old she should, and should not, be.

18. See Hogle (this volume) for a discussion of the production of cyborgs outside the confines of individ-
ual human bodies, particularly in relation to organ donation,

19. Of course, these scientists, as well as many ethicists, do not consider animal research and the use of
animal body parts to be morally objectionable.

20. See Haraway (1989) and Brans ft Kueh! (1988) for more explicit discussions of how non-human pri-
mates are used in scientific and biomedical research.

21. Indeed, when | mentioned the science fiction-like aspects of scarless fetuses to one of my informants,
he lawghingly remarked, “We like Stor Trek here!”

22. See Harrison, Golbus, and Filly (1991) for a comprehensive discussion of the diagnosis and treatment
of fetal diseases.

23. Congenital diaphragmatic hernia [COH) is a condition in which there is a hole in the diaphragm, caus-
ing fetal organs to migrate upward into the chest and impairing lung development. Many fetuses with
CDH die at birth; those who live and undergo pediatric surgery after birth generally have respiratory and
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other problems for the rest of their lives. Fetal surgery for CDH is designed to repair the diaphragm in
utero and reposition the organs in the fetal abdominal cavity, thereby making room for subsequent lung
development

24, Sacrococcygeal teratoma refers to a tumor located on both the sacrum, or the part of the vertebrae
directly connected to the pelvis, and the coccyx, or the end of the spinal column,

25, Chylothorax 15 a condition in which there 5 an accumulation of milky fiusd in the pleura, or the serous
membrane enveloping the lungs, and lining the walls of the pleural cavity. It usually causes severe respira-
tory problems.

26. Hydronephrosis refers to an excess build-up of fluid in the kidneys caused by an obstruction to the
flow of urine; untreated, it generally results in renal failure and death.

27. Cystic adenomatoid malformations refer to tumors in the connective tissue surrounding the urinary
bladder or galibladder. Like hydronephrosis, this condition can cause severe kidney damage and/or renal
failure. According to one informant, treatment of this condition has been more successful than for any
other fetal disease.

28. One fetal surgeon remarked that “we either take them out dead or put them back in alive,” suggesting
that there is no middle ground in determining the success of an operation. Another stated proudty, “We
haven't lost a mom yet”

29. In most CDH cases there is not enough room in the fetal abdominal cavity to simply replace the organs
that have migrated into the chest area. The current procedure is to replace the hernia to enable lung
growth, while leaving the abdominal organs outside the fetus’ body sewn inside a Gortex sac. Because of
the unique regenerative properties of fetuses, the remaining time in the womb after surgery engenders
the formation of additional space in the abdomen. After birth, these organs are surgically replaced inside
the fetus’ body.

30. Vaginal delivery has never been used following open fetal surgery, thus ensuring that pregnant women
undergo at least two cesarean sections, sometimes within weeks of each other. The consequences for
women's health may be quite grave, 35 a c-section is major surgery. Usually designed to take fetuses out
at birth, in fetal surgery the first c-section is used to access the fetus, potentially causing significant prob-
lems related to pre-term labor.
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TALES FROM THE CRYPFTIC

duces electrical signals large enough to be considered “activity”. His brain 1s dead,
therefore, he i1s dead.

Is this man more of a cyborg than before, or less? Progressively he is sustained by
more mechanical and chemical devices and technologies, while the organic parts of
him are destroyed, removed or substituted. But if he is no longer alive, if he is only
a cadaver and no longer "human®, can he be considered to be a cyborg at all? How
much of the human needs to remain in order to call an entity *human?® and the
integrated whole “cyborg?”

Now suppose this body is not disconnected after death is declared, rather its physi-
ological functions are artificially supported and some of its characteristics changed
and enhanced through more biomedical technologies. By employing specially
developed techniques, components of the cyborg can be preserved and improved
for use in other bodies (or for pharmaceuticals or for medical research). This cyborg
will exist only for a limited time, and for a specific purpose: to process and store
materials for other uses. A new set of actors will be involved in controlling and
determining its fate. External managers will define the parameters, determine the
admixture of organic and technological components, and set the pace. Is this
body-chemical-mechanical machine now a different kind of cyborg—a production
cyborg? Are there differing types of cyborgs, depending on their uses, proportion of
human to technology, social contexts or other variables?

Situations like this force us to reexamine a core anthropological guestion: how
do we define and produce “humanness”, and what exactly
is “technological™? Centering cyborgs as study objects allows us to explore
cultural meanings and social relations around evolving life-technology forms. But
cyborgs are not static; in capturing the cyborg, we have to look at how it is consti-
tuted in its various environments. Cyborg identities, | suggest, are produced simul-
taneously in many locales by many different agents for many different purposes
(see Marcus 1992 for a discussion of identity construction which can be applied to
cyborgs). Various types of machine-human composites have their own histories,
contexts and purposes which must be understood in order to find utility in the

concept of Cyborg.

Cyborgs as study subjects often appear as bodiless identities existing in virtual
spaces, or as bodies which walk around with their technologies embedded. It is
mainly in fiction where we find cyborgs which were previously living humans con-
tinuing to exist after their ‘numan’ existance was over. The cyborg described above,
on the other hand, is animate but not legally ‘alive’, organic but chemically pre-
served, a mechanical and chemical object that breathes. It is a human cadaver kept
functioning (“living?") with technologies in order to process and supply human bio-
logical materials.

In order to grant cyborg membership to the living cadaver, then, a new social space
must be created in which it is allowed to exist. Without cultural mechanisms to
make this rather extraordinary border creature appear to be consistant with what
we think are our cultural norms, it could not survive. These mechanisms, particular-
ly the notion of "brain death”, are attempts to classify and order the cyborg so we
can apprehend what this entity is, what it is used for, and how it *fits” within the
human social schema. (We have not yet been willing to overtly place it in the
machine continuum.)
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At the same time, these mechanisms allow usto use the cyborg as a production
technology itself. The materials contained within the cadaver—organs, corneas,
connective tissue, bone, skin, heart valves, cels—are used for a variety of therapeu-
tic,research and commercial purposes. As sucn, they have considerable value.
Enormous investments of money and effort g0 into creating and maintaining these
entities toward this end. Therefore, there are vested interests in how cyborgic
boundarie are defined and used; where theyare place, fo what purpose for
whom and around which bodies’

However, constructed distinctions do not necessarily function as intended in our
practices around certain cyborg entities. With this particular type of cyborg, and
within s social miliu, ts uncertain status ard conflcting cues create persistant
ambiguities and challenge our cultural assumations. As 2 result, the donor cyborg is
differentially constructed by those who interact with it in various social and tech-
nical contexts. This s better understood by first sketching its social istory.

Living Cadavers, Donor-Cyborgs, or Gifts of Life?

D

This s my body which is broken for you.
~Luke 19:22

In the German language,
the words Leit’ and
“Laib sound identical.
The substitution of a
single culturally-recog-
nized code changes the
meaning from ‘body’
(including a dead one)
to loaf!, asin bread.
Similarly, by using social
technologics, a cadaver
can be reinterpreted as a
source of sustenance.

The idea of using human
bodies after death is
certainly not new or
shocking, For centries
bodies and their parts
have been used for

knowledge production (anatomy labs),for symbolic purposes (as in the display of

Lenin's remains), and for commercial purposes (in pharmaceuticals, sales of relics,

and a plethora of other products). In each case, body materials come to be seen as

existing in another state; another category from the whole person. But this state is
explained differently by the various actors involved. With the donor-cyborg, these
include medical research scientists pushing the boundaries of knowledge, practic-
ing physicians who must balance needs and resources, health economists seeking

alternatives to long-term care, family members of the dead who need to find a

purpose in the loss, and health professionals who must attend to this patient who

now requires a different sort of care. The interests and interactions of these actors
tell the story of the birth of this very particular cyborg
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With the development of heart-lung bypass devices in the 1960's, patients whose
bodies could not breathe or circulate blood on their own could be kept physically
functioning as long as they were connected to so-called “life-assisting” equipment.
This introduced a significant controversy, as many of these patients would never
“recover”, but could not “survive® without their machine counterparts.

Meanwhile, another cyborgic technology, organ and tissue transplantation, was
being improved in parallel fashion. The need for viable tissue provided practical sig-
nificance for the ability to keep human organic material oxygenated, functioning
and available. The partially-live body in combination with “technology that helps
life to work” (Strathern 1992, p. 60) thus had distinct advantages: it provided a
materials supply source, a processing unit and storage container all in the same
place. Seen as the power of biomedical technoscience to conquer the failures of
nature, the transfer of materials from these otherwise no longer useable bodies
was represented as the 'miracle of life’ for others whose deaths could be post-
poned. The physical and symbolic conversion of body materials was thus construed
not only as a social virtue, but as an efficient use of valuable resources. As bioethi-
cist Joseph Fletcher (1985) put it, it is a "shameful waste of human tissue” to let
bodies go to a coffin without tapping the resources within. With the social sanc-
tioning of the concept of using bodies as sources of "spare parts” (Fox and Swazey
1992), the donor soon became a routine cyborg, unremarkable
because of its work and role in society.

This is possible in a late-capitalist age in which commodification has reached into
hithertofore unimaginable realms of life (Jameson 1984). However, it meant that
ideas about the boundaries of the body as well as boundaries between human and
nonhuman had to change. In order to accomplish this, new social interventions
were required. The first and most important was a new definition of "death”. The
cessation of certain brain functions using specific diagnostic protocols is now
accepted as the legal and medical category “death” in many countries. Brain death
allows the suspension of time, which in turn allows cultural and bodily processes to
be fragmented and reconfigured. Significantly, it allows the process to be staged by
biomedical 'managers’ and experts. This boundary marker was constructed to make
the distinction between life and death, human and technology, natural and artificial
distinct. Instead, this medical-legal construction left us with
an even more ambiguous entity; the “living cadaver”.

In attempting to reduce ambiguity, it is necessary to deconstruct the subject (the
person), and reconstruct an object [the production unit). The first step is the recast-
ing of the death experience. The patient is dead, but has not died. This must be
explained in a way understandable and acceptable to both family members and
professionals. One method of coping with this and allowing the body to be further
used is to reorder or suspend the sequencing of events, as in the use of “decou-
pling™: first a grave prognosis is given, then the announcement of death (brain
death), then later the request for organs and tissues from the "remains™ These
phases are independent of the timing of the actual events themselves.

Throughout the process, cultural meanings must be stripped from the person
(Hogle 1992). Identity must be erased. Once brain death is declared, the term
“patient” is dropped, along with the name, and the potential donor is referred to as
the cause of death, the age, or simply as “the donor” (for example: *the 24-year-old
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drive-by shooting at XX Hospital). Reference to the body changes from ‘patient’
(used until permission to donate is secured) to ‘donor’ (used sometimes before per-
mission is secured and up until time of procedure). As the procurement procedure
nears, there may be no reference to the body or person at all, rather to the specific
materials that are to be removed (the heart at XX Hospital). Descriptions of the cir-
cumstances surrounding the death or personal information about the person, sig-
nificant in potential donor selection, is completely deleted (Hogle 1993).

While these processes can be called social technologies, the core technologies used
to transform the cadaver into a donor cyborg are chemical and mechanical.
Through these, the physical body is reprogrammed and retooled for new uses. The
nature of the body right down to the cells must be changed to the extent that the
conditions are incompatible with “life” for the body in which they exist, yet will
artifically extend life for another body. In essence, chemical and mechanical tech-
nologies become an integral part of the human body, as well as the bridge to the
new body.

The Management of Cyborgs and Good Manufacturing Practice

Turning a ‘person’ into a ‘donor-cyborg' requires not only wiring and plumbing
connections, but specific technigues to manage the integrated whole.
Standardized protocols have been developed toward this end, with the goal "to
produce prime, quality organs”, as one informant put it. When it appears that a
patient will become brain-dead, a change in medical routines occurs. Care of the
patient as a whole being becomes care of biological materials contained within
and the technological components that convert them into useable products. There
are two parts to the process; the maintenance of the body as incubator and stor-
age container for the human materials, and the preservation and conversion of
the specific materials themselves.

It is important to note that this process can begin long before the patient is
declared legally ‘dead’ Ranging in time from a few hours to perhaps two or more
days, the duration can be quite plastic, depending on a number of logistical, social
and technical variables. These include location of end-users of the materials, resolu-
tion of legal matters and the process of procuring permission from relatives. This has
major implications in terms of materials and labor costs, staffing patterns (often a
2:1 staff to patient ratio is used) and certainly stress to the family of the donor.

Converting the body to a production site

Once the brain ceases to function, the central operating system which monitors
and regulates internal physical function and participates in external social func-
tioning is lost. The body is no longer a self-regulating system.
But the organic material in the rest of the body retains its ability to function; to
"live”. Physiological functions can be maintained for some time after the brain
“dies”, but this requires external control from human and technical "others” A spe-
cialized group of professionals, called procurement coordinators, is trained in tech-
nigues to maintain these functions, in addition to related functions, such as
securing permission to use the organs and tissues. These technologists then not
only control the process, but also participate as a part of the cyborg itself through
their interactions with the various human body and the machine components.

By this point, therapeutic interventions to prevent further brain damage have been
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halted. Diagnostic tests and clinical measurements, however, are continued, often
at an increased pace, and aim to determine specific organ function and status
rather than its function within the system as a whole. To monitor the function and
quality of the tissues and organs, the cadaver undergoes a plethora of diagnostic
tests, including CAT scans, ECHOcardiograms, and even cardiac catheterizations, in
addition to the full panel of chemistry tests, often made every two hours. The
cadaver and its array of equipment may even be moved to another hospital where
more high-tech equipment is available to view its interiors.

To achieve optimal preservation and condition of the materials as well as mainte-
nance of the body-container calls for the employment of a vanty of mechanical,
chemical and social technologies. In many cases it is far more than would be used
if the patient had been expected to survive. In fact, it is sometimes difficult to
‘locate’ the body through the forest of ventilating equipment, thermosensor warm-
ers, electronic biosensors and automatic intravenous fluid pumps.

Massive amounts of fluids, blood and pharmaceutical agents are circulated through
the body-machine system to keep physiological systems in balance. Cyborg mechan-
ics must replace brain functions: the body can no longer regulate its temperature,
fluid balance and blood pressure, heart rate and chemical balance. Chemical tech-
nologies, such as colloids and crystalloids, dopamine, manitol, lasix, electrolyte prod-
ucts, fibrin and other materials must be constantly administered and monitored
closely [Kaufman 1986; Soifer and Gelb 1983). Depending on how far the concept of
a cyborg as an inter-species entity can be carried, it must be remembered that
human bodies are inhabited by other life forms; bacteria, viruses and fungi. Powerful
and toxic antibiotics not commonly used in living patients are used to hold these
colonizers in check. But the body, after all, is only casing at this point.

Raw materials into finished goods

While patient resuscitation protocols switch to body maintenance routines, tech-
niques designed to preserve the tissue are also employed. The change in the use of
the term “preservation® during the evolution of organ/tissue substitution technolo-
gy is an indicator of a shift in medical practices around donor bodies. Previously,
the term referred to the storage of materials after explantation and during trans-
port to the end user. Now, however, preservation begins much earlier; within the
body itself.

Recognizing the considerable market potential of the human materials industry,
pharmaceutical and medical supply companies have developed new products and
entire new industries designed specifically for use in donor cadavers. These include
free-oxygen scavengers, “hibernation hormones®, new perfusion and preservation
fluids, and other chemicals to preserve targeted tissue cells while still in the donor
body. The goals of these new products are to preserve tissue integrity before being
removed, and to make the materials more "immunologically silent™ to prevent
problems later when they are re-placed inside another body. In essence, the human
materials are being structurally, chemically and functionally transformed to make
them more universal. In this way, they become not only substitutable mechanical
parts, but more like off-the-shelf reagents, available for use in a variety of
end-users.

But while these technologies mechanize the parts and make them more inter-
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changeable, there are additional techniques for ensuring optimal performance.
Tissue preservation protocols are increasingly geared toward specific tissue types;
there are certain combinations used to target liver cells, for example, and others
which selectively maintain kidney function. As the production of human organs
and tissues has become routinized, parallel processes have developed to create
“product-specific® handling, marketing and even accounting systems

What is interesting about this process is that procedures used to preserve certain
kinds of tissue often interfere with the function and preservation of other tissues.
For example, chemicals to maintain fluid balance may affect vascular tone, which
may be more damaging to heart tissue than say, kidney. This can lead to conflicts
between parties who are to receive the end products for use in their patients, and
territorial disputes on the precise way the donor-cyborg is to be *managed”.

Through the processes of body conversion, the human recedes as more and more of
the organic is technologized. In this altered state, is there really any difference
between an artificial organ and a biological one which has been technologically
altered? The kidney has been ontologically changed to become a kidney through
technique. It is now in a sense more of a kidney than a "real” kidney. It will be
implanted into its new container in a primed, prepped and hyped state, fully
data-encoded with both old and new codes.

In this way, transplanted human body parts become the
seeds that replicate new cyborgs. When the cyborg reach-
es its almost-total-technology state, its parts are dispersed
and distributed to numerable other bodies. With the large vari-
ety and numbers of parts that can be used for replacement therapy (Kimbrell 1992),
a single cyborg can easily breed dozens of new ones. In many respects this recalls
the sexual linking of which Sandy Stone (1993) speaks. The gestated human mater-
ial literally transcends space and time, but the exchange is not just that of data
points. A human body is impregnated with new material which changes the char-
acter and arguably the identity of the bearer, the newly-created cyborg.

The Cryptic: Ambiguity and the Cyborg

You do not die oll at once. Some tissues live on for minules, even hours, giving
still their little cellular shricks, molecular echoes of the agony of the whole
corpus. Here and there o spray of nerves dances on. True, the heart stops, the
blood no longer courses; the electricity of the brain sputters, then shuts down.

Death is now pronounceable. But there are outposts where clusters of cells yet
shine, besieged, little lights blinking in the odvancing dorkness. Doomed
soldiers, they battie on.

=Richard 5elzer, in Mortal Lessons

The redistributable donor cyborg is the culmination of a variety of techniques used
to strip the human and the cultural away from the biological. The standardized
protocols, the mechanical and chemical technologies have all been employed to
this end. It would seem that the cyborg is quite literally a docile body which at the
end stage, retains little of its humanness.

But in directly observing practices around this entity, it is evident that cultural
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meanings around the body adhere stubbornly. Interactions of humans with
donor-cyborgs suggest that there is extensive ambiguity which persists. The
donor-cyborg is clearly an organic-mechanic-data composite. Still, in comparison
with either "living” cyborgs or cyborgs that are mostly hardware infused with
human programming, the status is uncertain. The "living cadaver” creates ambigui-
ties that disturb normal social relations around bodies and deaths of bodies.

Death in the cyborg era

The problem stems in part from the fact that humans have both biological and cul-
tural bodies. The biological death event thus requires an attendant social death. In
the case of brain-dead persons, this becomes problematic.

Usually, the line between life and death is clear. There is no breath or heartbeat, no
response to touch, the flesh becomes cool and hard. These signals cue participants
in various societies as to what to do; to prepare the body in certain ways, to gather
together a "public® of relatives and friends to overtly mark the occasion, to redis-
tribute belongings to other members of the social group. Throughout these activi-
ties the identity of the person as occupying certain roles is articulated through
rituals particular to various cultures. Rituals of disaggregation serve to detach for-
mer social and cultural meanings from the physical body. Rituals of reinstallation
then create a new social identity within a different social space.’

As deaths increasingly occur in the highly technological environment of the hospi-
tal, however, this passage point is more difficult to recognize. Body parts can die at
different rates, as various technological nursemaids are enrolled to take over body
functions (Muller and Koenig 1988). In the case of severely brain-injured patients,
the biological body only partially dies; hair and nails continue to grow and metabo-
lism continues until it converts to catolysis. So cues must be created: laboratory
data, an electroencephalogram printout or technological devices must signal a
threshold situation incompatible with continued functioning. A decision must be
made to “turn off the machines”, or orders given to stop medical care and suste-
nance. Alternatively, the decision can be to maintain the organic body and merely
declare the death.

The biological person at death now no longer has a place except within a techno-
logical milieu. Traditional ways of dealing with the death experience and the dead
body don't work any more. The timing and flow of activities which serve to convey
a person from one domain to another are disrupted by the unique status of the
brain-dead cyborg. This is true not only for family and friends who knew the person
rather than the object, but for the staff who begin the conversion process of the
patient into a donor. These caregivers first experienced the body as a live patient,
Then they must participate in the symbolic recategorizing of the body as a
brain-dead cadaver, and the physical conversion of the cadaver into a source of
useable materials. Fully accustomed to working with patients in symbiotic relation-
ships with equipment, the use of technology with cadavers stimulates different
responses. Evidence for this lies in the way these workers interact with the various
body and machine components of the cyborg, and in the verbal and textual repre-
sentations.
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Cyboryg social relations

In the new, changed relations around the body, visual inspection, normally heavily
relied upon in intensive care unit protocols, is eschewed in favor of data representa-
tions. In fact the entire body is usually covered with electronic warmers and/or tow-
els, so that all that can be seen is the equipment itself with lines connected to a
form on the bed. The face and genitalia are also carefully kept covered, even during
various manipulations and procedures, and body parts are very gingerly, but quickly
handled. By covering the markers of human-ness, the body
becomes a more anonymous part of the equipment; literal-
ly faceless and genderless.

The treatment of patients as nonpersons is no surprise to those who have long
observed aspects of patient care in clinical settings. Neither is the anthropomor-
phizing of equipment to those who have studied human-machine interactions. But
the juxtaposition of the human and nonhuman parts under these special condi-
tions clearly makes it more comfortable for participants to work with the mechani-
cal parts than the organic parts of the cyborg.

This differential reaction can be observed when one component gets out of ‘spec’
(that is, outside desired parameters for operation, either through malfunction or
imbalance of other components), Signalled by a shrill alarm, the person managing
the system looks first to the mechanical devices to understand what's just hap-
pened, rather than to the body, even though the body is generally the site of the
change (for example, the heart rhythm may change or the intubation tube may
dislodge). It is also common for the body manager to talk to the equipment; °|
know, hon, | know. Just hang in there for a little longer.” | have never heard anyone
talk to the body in this way. In fact, rarely will they look at or touch the body, other
than very quickly for specific purposes, such as creating or adjusting entry/exit por-
tals for equipment connections.

Yet if anything goes wrong, it is the body, not the equipment or the operators,
which gets blamed. Take the example of a donor which was lost due to circulatory
arrest:

What happened was his potassium was normal but | said he needed bicarb.
The nurse gave him 2 amps-boom, boom, right behind coch ather. Then he
coded and we didn’t know why. We found out his potassium was 2.2 so what
hoppened was he pushed all his potassium intraceliular, so he had a deficit.
I'm not sure we could have ever changed things.

The coordinator describing this case was quite certain of her interpretation of
events; there was no possibility that the first laboratory test was inaccurate, or that
she had ordered bicarbonate inappropriately, or that some other system was failing.
Another case was described by a procurement coordinator:

He did really well ot correcting his ocid/base problem ... We hod a PT problem
and some labs were bad, but thaot didn’'t matter=it was OK. He was looking
good. | said let me look ot my labs. | mean, this guy was like o rock. Then |
turned around, looked at the screen and there it was: (she draws a pattern
with her finger in the air indicating the patient was coding).*

Here again, the “labs” [visual representations of “facts® about the status of the
body) were "bad”, but were rejected in terms of their importance to the overall
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function of the cyborg system. In the discussion which followed, several explana-
tions of the "systems failure” were offered by other coordinators:

Maybe he had an adrenic surge, or o global M.1.
Or maybe he ruptured his septum?
He could have been a little irritable. Could have taken some [idocaine,

When the donor is being blamed, it is always referred to as ‘he’ or ‘she': "she peed
out her brain® (i.e. cells in the brain allowed fluid to escape, creating edema and the
need to quickly control fluid output), or "he crashed right before we had an O.R.
time scheduled.™

This sort of discomfort and awkwardness around the donor-cyborg is exhibited in
other ways. Physicians are often unsure of themselves and feel uncomfortable han-
dling donors, as do the nurses who normally work with living patients. Indeed, most
of the time the attending physician for the patient disappears from the scene by
the time brain death is declared, often relinquishing control of the case to physi-
cians, technicians and nurses who specialize in the procurement and transfer of
human materials. But even these professionals, who work with donors on a regular
basis, display unease.

Mursing staff who have just previously been working to keep the patient alive must
now perform other types of duties, more akin to materials processing or equipment
monitoring in a manufacturing setting. Sometimes nurses will refuse to perform
duties normally expected for patients, such as washing the body. The film, ich
Pflege Toten Patienten (| Take Care of Dead Patients) (Stengl 1988), explores care-
givers' feelings about this work, including doubts that the patient is dead, or irTe-
versibly dead. While they verbally acknowledge and accept the concept of brain
death, it is obvious that the constructed categories aren't so clearcut after all. This
Is compounded if the body has spinal reflexes. When this occurs, the arms may
raise, eyes may open, or other parts move spontaneously, making the person
appear alive. The definitions of animation, movement and capacity for life are
blurred in these moments.

It is easy to see, then, why language usage in reference to donor-cyborgs also
reflect an unsure status. Procurement coordinators often describe potential donors
as "dead”, "double dead” and “triple dead” T his corresponds to circula-
tory arrest, brain death and dead-so-long-it-can’t-even-be-
used-for-its-tissues (i.e., 24 hours).

The term “resuscitation® is used both for therapies to restore cellular functions and
to “revive” donaors should their heart stop beating. This is done just as it would be
for a live patient ("coding”): physicians and nurses rush to the scene, perform heart
massage andfor shock and use drugs to restart the heart. The necessity to code the
patient is a negative event because of potential damage to organic material, and
requires a great deal of extra effort. Here again, the organic body rather than tech-
nical components are blamed. It is almost always perceived as a malfunction in the
organic system, such as the heart or the electrolyte balance, rather than mechani-
cal failure.

References to the materials themselves are also ambiguous. While everything pos-
sible has been done to remove cultural meanings from them, and turn them into
off-the-shelf reagents, "human’ labels still persist. When trying to match organs
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from a donor to a recipient, for example, a heart will be called "generous” rather
than large, and a liver "hardy” rather than functioning or in good condition. The
heart always carries more symbolic content: when the time comes in the operating
room to clamp the major aorta and stop the heart (“cross-clamp time®), there is a
countdown to the moment, then virtually all activity comes to a standstill until the
organ is removed.’

While the donor-cyborg is meant to be handled as a single, integrated unit, then, it
appears that interactions with the mechanical-chemical components of the cyborg
are less problematic than the human. Is it that the mechanical parts are considered
to be more reliable, predictable and controllable? Or is it that the organic con-
stituents retain too much of the human? And if it is too close to our conception of
human, does the unease come from the violation of what we think we believe as
“the Whole®? or simply that the death event has been suspended in limbo? | sug-
gest it is in part due to the fact that the human has been decentered and redistrib-
uted within the cyborg machine. The human has been reduced through
commodification and objectification, but a residual essence remains. Otherwise, the
boundaries of death and life, technology and human would not be an issue.

Toward a Theory of Cyboryg identities

The donor-cyborg can occupy various social spaces: it is text, container and pro-
ducer of data, and a reification of the social values of altruism and the belief in a
common social good. Donor-cyborgs are reproduceable, as their components are
re-installed in other social bodies. They are robust enough to exist in cyberspace,
transcending space and time. Yet these are unstable entities. They possess former
attributes of human, body, machine, chemical, but the composite exists only under
artificial conditions and within certain contexts Attempts to control this instability
are seen in the devising of new rituals such as clinical management protocols and
agreed-upon definitions which script the roles of the cyborg and cyborg managers.
Still, stability is elusive as we consider the equilibrium of human-organic-chemical-
mechanical parts.

The challenge to cyborg studies is to learn how to capture the formation of cyborg
identities, keeping in mind the equilibrium dynamics. This will push the
question of how much human-ness needs to remain in
urggr for the entity to be a cyborg and not merely a com-
modity.

Are brain-dead bodies only cyborgs when they are “jacked in?" Can bodies phase in
and out of cyborgism depending on momentary positions in social, physical and
textual space and time? Or is there an ontological change once the process is
begun, which becomes a permanent part of who and what we are? If we have
crossed the border already, is there movement within the cyborg realm in which we
are "more” or "less” cyborgic, depending on how many fragments of the human are
present? If there are varying “degrees” of cyborgism, is it reversible (whether or not
we want it to be)? Can we not say there are differing conditions which create vary-
ing types of cyborgs and are they transient in character? The questions are not triv-
ial. There are profound implications for how we treat bodies and persons for
various purposes, depending on how we answer.

In Western cultural thought, at least, we cling to the idea that the body is more
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than organic matter and that this matter contains something that is somehow “us”.
A number of studies on personhood and the organ/tissue transplant recipient attest
to this. There is a persistant notion that the "person” lives on in someone else.
However, as Rabinow points out, in late modernism it is less the body than its frag-
ments which have value to science, industry and the individual. In and of itself the
fragmentation of the body and identity is not the problem. Where this becomes
troubling, says Rabinow, is "when efforts are made to fit it into other value spheres
where different narratives of responsibility and personhood are found” (Rabinow
1992).

Cyborgs are human bodies fragmented and re-configured in another sense. Il we
are to study h-nrﬁs, the technoscience that makes them
possible and the phenomenon around them, we must
examine our romanticism {or the “Whole”, our desire {for
the transcendant, and our notions of the human.

| write these thoughts from the heart of Germany, where there is much to say
about romanticism, technoscience and the use of human bodies. Stories about
Golems can handily be set in Prague (Piercy 1991), Hollywood-real cyborgs easily
imagined in Los Angeles projected forward in time (BlodeRunner 1982) and
hard-edged, upgraded-version humans ‘fit in' in the Manhattan-Boston sprawl
(Gibson 1984).

But what of post-war, post-rational Germany, where the transgression of human
body integrity and the idea of experimentation with ‘the natural’ now elicits vio-
lent opposition? This neo-romanticism regarding the condition of *nature”, along
with the opposition to certain types of scientific rationality, has impacted the use
of human materials for a variety of purposes, as well as the way they are collected.
Remembering past projects meant to extend the capabilities of select humans acts
as a prophylactic to projects with familiar-looking profiles.

Still, this thread co-exists with the conservative movement away from social wel-
fare models and towards development of technologies that will salvage an ailing
economy. Within the past year, prohibitively restrictive regulations applied to bio-
logical technologies have been relaxed to allow more research to be done within
German borders. Monolith corporations like Siemens and Hoechst have already
invested heavily in cyborgic research and development, and bionics researchers are
actively researching new materials and human cell lines.

The quilt and horror of memory mingle with the desire to re-member; to supple-
ment bodies in a rapidly aging society, and to reconstruct an economic miracle out
of revered German technology. But "promises of monsters' means something quite
different in the context of a culture which some claim has Faust as its central cul-
tural mythos. Without explicating further the particular case of Germany, the point
for cyborg studies is that if we are indeed to grant membership to this image
[Downey, Dumit and Williams 1992) we must consider not only the concept that
*humans and human subjectivity are as much a function of machines, their rela-
tions and their information transfers as they are machine producers and operators”,
but also the contexts in which these symbiotic relationships exist. Haraway's ques-
tion of who gets to have what kind of body is very much a product of the histori-
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cal, political and social context in which these entities are birthed.

While it may be true that many of us are living in cyborg societies, we have to
remember that those are also plural societies. 5o what happens when cyborgs are
created from members of cultures for which the seat of the soul is the eyes? When
their corneas are treated and removed does the body retain its humanity? In coun-
tries like Japan, the creation of donor-cyborgs and use of their materials is com-
pletely condoned, with one exception. Until very recently remaving the heart was
considered to be murder, since heart standstill rather than brain function loss was
accepted as the sign of death (Lock and Honde 1988). How does this difference in
bounding life and death affect the use and understanding of this cyborg? Does this
also mean there are 'right’ and ‘wrong' uses of these cyborgs across cultural or
national lines?

Future cyborg studies will hopefully attend to cultural beliefs and practices, and the
ways in which they are transformed and transforming. Studying cyborgs and their
social relations means not only learning where and how bodies exist in relation to
machines, but also what types of bodies they are, and where they are situated. As
Stone (1994) has pointed out, bodies and communities constitute each other.

1. The descriptions and guotations regarding organ and tissue procurement come from ethnographic
fieldwork among procurement coordinators, primarily in the LS., but also in Germany. While | refer to
these organic-technologic composites as donor-cybongs, | recognize that the use of the term ‘donor’ s 3
political strategy by those who create and manage them. It calls to mind altruism and the "gift of life” for
ather bodses whose lves can be extended [or their deativs forestalled). | would also like to thank Ingo
Braun fior discussions which contributed to this paper.

2. Individuals and societies often invest enormous amounts of money and technology in order to place
social members on different sides of cyborgic boundaries. In contrast, there are, of course, many wha
would pay to be able to keep the indeterminate status, as for example couples who freeze embryos for
possible later implantation, or individuals who have their bodies cryopreserved in hopes that they will
later be reanimated.

3. Decouphng 15 a term used for the deliberate separation of the notification of death from the request for
donation of the materials, Drgan procurement organizations have found this staging of the death and
donation process very successful in "getting 1o ves™; L& réceiving permission to donate.

4. For a fuller description of death rituals, taboos and the impaortance of the phasing of the death period,
see, for example, Hertz, Bloch and Perry.

5. PTis a laboratory test which indicates bleedinglclotting time. 'Coding’ means a patient’s heart has
stopped beating,

6. 'Crash’ can refer either to rapid oxygen drop andfor electrolyte imbalance with heart arrhythmia or
mare commaonky to circulatory arrest. The word crash is often used for equipment, like an airplane or auto-
mobile, which may have actually been the technology counterpart which brought the person into the
bran-dead cybarg condition.

7. This is more than the surgical team members standing back while the heart is electrically shocked into
passivity; rather, a number of ritualized markings of the event occur before the rest of the team resumes
its activities.
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Current comic book cyborgs reveal
I addition to movies comic

of lost humanity and, finaly, to
Golden Age to Marvel Age
Comic book cyborgs have a myriad of

ouzzer Google



FROM CAPTAIN AMERICA TO WOLVERINE

know today can be traced to the 1930's, when Harry Donenfeld, a pulp magazine
publisher, bought New Fun Comics from its originator, Major Wheeler-Nicholson.'
Donenfeld’s company would eventually become DC (Detective Comics) and would
go on to publish Superman in 1938. To avoid an attempt at a history of the comic
book, which would not only shortchange the medium but which is beyond the
scope of this essay, it is sufficient to say that Marvel, the company that would
come to dominate the comic book market, was also born during this time, the
*Golden Age” of comics (1939-1950).

This *Golden Age” started at Detective Comics with the most well-known hero ever,
Superman. Interestingly enough, this first hero was not even from Earth but was
an alien and an illegal one at that. Detective Comics (DC) continued to dominate
the early market with their release of Batman in 1939. This time DC went to the
other end of the spectrum from Superman. Batman had no super powers and was
the son of wealthy parents who were slain in 2 mugging. The first hero that could
be classified as cyborgian' appeared two years later.

In 1941, with the world at war, Marvel (then called Timely) created the super-sol-
dier Captain America.' Coptain America's secret identity was Steve Rogers, a 98-
pound weakling who was rejected for Army service until he was injected with a
*super-soldier serum.™ This hero's first villain was none other than Adolf Hitler
himself. Another anti-Nazi, cyborg-like hero was the Human Torch.® The original
Torch was an android that was created in a lab and then rebelled against his cre-
ators. The Torch, like most of his comic book contemporaries, immediately went to
work battling the Nazis.

After World War Il ended and the Cold War began, the emphasis of the heroes
shifted from Germany and Japan to Russia and China. The very title of Captain
America’s comic book became *Capt. America ... Commie Smasher™ While Capt.
America was fighting Soviet efforts, Marvel created a Chinese communist villain
known as the Yellow Claw who dabbled in magic and had created a potion to
extend his life.* A multitude of other heroes and villains were created during this
time but these examples illustrate the fairly simplistic origins and conflicts that
early characters were involved in. Stories would soon become much more revealing.

Science plays a dominant role in creating both heroes and villains during this time
(1961-1970) known as the "Marvel Age.™ The Fantastic Four were a group of
heroes who were created by accidental exposure to radiation, a central theme in
many of the comics of the time. The Hulk, Spider-Man and DareDevil were all
heroes created by different forms of radiation. This was a definite reflection of the
public’s fears concerning radiation in the aftermath of World War II. This era also
saw the creation of some characters that are discussed below such as the X-Men,
Dr. Doom and Iron Man. The conflicts that these heroes and villains were involved
in also took on a cosmic nature. Instead of defending the United States from com-
munism, characters were now trying to save the entire planet.

During the twenty intervening years from 1970 until 1990, comic books were
awash with a multitude of super-powered characters. The Morvel personas ranged
from the Swamp-Thing (a swamp creature created by toxic waste), to Ghost Rider
(half biker/half demon) to the Punisher (a Vietnam vet fed up with crime.)” These
individuals not only fought larger external battles but also began to deal with a
bagful of personal problems. A shining example of this "realistic® superhero charac-
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ter development came in issue #128 of /ron Man, in which a powerful super-hero
is forced to come to grips with alcoholism.” This maturing of heroes and their
problems brings the comic timeline up to the present age, which could almost be
known as the "cyborg age,” considering their ubiguitous nature.

This section is intended to put to rest any lingering illusions that the comic book
industry is still just a kid's game. Wizard, a comic industry magazine, reported that
U.5. comic book sales for 1993 were over $750,000,000." This same magazine
received 285,000 pieces of mail from its readers during the same year."” Wizord also
noted that, as of 1994, in addition to the ongoing animated shows of the X-Men
and Exo-5quad, plans were in the works for a Youngblood series as well as a new
Spider-Man animation." X-Men were also the best-sellers in the toy market in
1993." A new journal named Inks is being published by the Ohio State University
Press, which is devoted to research on cartoons, comic strips, and comic books
Wizord lists, from 12/1/93 until 1/15/94, hundreds of shows and conventions in 32
states from Vermont to California, the sheer numbers of which indicate a thriving
subculture.™

Marvel is the company that has the largest market and dollar share of the comic
market and the Marvel Universe is a place replete with cyborgs."” There will also be
several characters examined who are in Image Comics, a newer, smaller company
but one in which almost every hero or villain is in some way a cyborg. Detective
Comics, which is the second largest comic company, simply does not seem to have
the same variety of cyborgs that are present in the others.

No doubt there are many other comics with cyborgs but the cyborgs that are cov-
ered in this paper, by most accounts, are among the most popular comic characters
of the mid-1990s and therefore they make ideal subjects for analysis.

Current-Day Cyborgs

Controller

Contemporary cyborg comic characters can be grouped into three broad categories;
simple controllers, bio-tech integrators and genetic cyborgs. The rationale for these
divisions can be found in the work of Chris Gray, in which the levels of integration
are similarly described as;

1] With informational interfoces including computer networks,
humon-computer communications, voccinations ond the technicol
manipulation of genetic information. 2] With simple mechanical-human
relationships as with medical prosthesis, vehicle or weapon man-machine
systems, ond more generol human-tool integrotion. 3] With direct
machine-human connections such as the military’s stote-of-the-art attempis
to hard-wire pifots to computers in DARPA's “pilot's associate® and the Los
Alomos Lob’s “pitman”® exoskeleton. Plans to “download® human
consciousness into a computer are part of this nexus os well™

One thing that makes grouping characters into categories difficult is that many of
the heroes and villains fit into multiple divisions, so for the purposes of this analy-
sis the cyborgs are grouped by their primary system.

The first broad category of cyborg is the simple controller group. This label is used
to denote cyborgs of two smaller subsets; Implants and Suits. These cyborgs are
characterized either by the simplicity of their system or its removability.
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A perfect example of
known as Wolverine. He is a member of the mutant team, X-Men, but his primary
cyborg system is surgically attached metal. Wolverine was a Canadian mercenary
who underwent a series of experimental operations in order for Canada to begin
creating its own team of super-heroes. His implants consist of adamantiur (the fic-
tional hardest metal in the Marvel universe) grafted onto his skeletal structure with
is hands.” Considering
is mutant abiltes o super-fast(aimost nstataneous) halig and uper-sharp
senses coupled with a beserker rage, Wolverine is a prime example of the newer,
darker cyborgs that populate current comics. One of Wolverine’s most infamous
enemies i also a wonderful llustration of the simple controllerfimplant type.

Omega Redis a creation of the old Soviet Union and when he was developed he so
terrified his creators that they placed him n suspended animation. ™ While Omega
Redis a powerful villain he is also a cursed one. His cyborg structure is rafted with
an artificial metal known as "carbonadium’ n order to prevent his “death spore”
affiiction from killing him. This affiction ‘orces Omega Red to drain the lfe force
from others in order to ive. While he is not quite remorseful about this, it is a weak-
ness that he would fike to correct. While hs infection reflects a complicated biologi-

Coptain America

calpobiem, Omega RedS cyborg weaponsare sl iy simple, He posseses cabes
that are similar to
nervous system and soare ronlmlled by thoughts, a common cyborgian svs(em. The
final character in this category also governs his abiltis by thought.

In the Image comic, StormiWatch, the United Nations sends teams of super-powered
agents to various trouble spots to act as peacekeepers. The man coordinating these
many teams in various global locations s codenamed Weatherman One* The
ity to “consider hug data and to make quick,

calm decisions” helped along by "cybernetic implants which link his cerebral cortex
n.umy to the SkyWatch computer net” The Weatherman is a classic

‘controller who utilizes cyber-technology in con-
cert wn.h the data-processing and decision-| makinz ability
of the human brain. The next category are the controller/suit
cyborgs, who represent the outermost layer of cyborg cul-
fire. These are cyborgs whoss abilities are for the most
part removable. They may possess some inherent powers but those powers
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are profoundly augmented by their technological additions.

The first and probably most well-known of this type is /ron Man who debuted in
63 from Marvel Comics™ In Les Daniels history of Marvel, he mentions that Iron
fradipie cyborg simply because of the exo-suit that he wears but he also has
additional medical problems.* Daniels recounts how Iron Man's armor is not just
for battle but was also "created to keep his damaged heart beating® and that a
microchip was implanted to correct a later problem insuring that "even without his
high-tech costume, Tony Stark is a mixture of man and machine, what science fic-
tion writers call a cyborg.™ Iron Man controls his suit via his thoughts and some
form of a cybernetic ink. The armor has jets i the feet which allow it to fy,“repul-
sor beams” that shoot from the palms of the hands and servo-mechanisms which
increase the wearer's strength by several orders of magnitude. The present day suit
is als0 modular and can be fitted with several different S packages depend-
ing on what the tar
popularity i the fact that now there is even a spinoff comic based on a character
that had to filin as Iron Man while Tony Stark (the regular Iron Mar) was indis-
posed. This character, ol named Hor Mchine, is a younger more e model

of of the most

Sentinels

belongs to this category, namely Doctor Doorm.
Victor von Doom i described a5 crazed scientific genius who hid hisscarred face
behind a mask” and who used his. posmnn as the “ruthless ruler of a small country ...
toclonk s s o within

e is also @ mystic, the ruer of a nation, and 3 psychotic bent on ruing
Iht wovld ‘he final mmmkr[s«n in this category is also one of the newest.

Battol hero from Image Comi The suit that he
ferred to as a “cyb his own psionic power a
“hundred-fold.** Additionally the sui i aiso to be equipped with the “new, experi-
mental tri-kevlar body armour s well as an integrated communication system.”
This is one of the new directions that suits are taking in comics. Where once the
suits of Iron Man and Dr. Doom simply multiplied their human strength or abilities
or allowed them access to a man-machine weapon system, ths new suit goes a
step beyond. In Bottalion there is a character whose mental faclity is ampliied by
s suit and his greatest enemy, Deathtrap, s a villsin whose mental power can
focus and improve the performance of machines” These suits then would seem to
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be the equivalent of mental Waldos

Other notable controller/suit characters include Doctor Octopus, Cyber and Ahab.
The next category to be discussed is the bio-tech integrator.

Bio-Tech integrator

Compared to the controller cyborgs mentioned above, the bio-tech integrators are
much more complex. Their systems can not be removed and often they are not
fully explained either. They are, however, very popular cyborgs. One of the most
popular is codenamed Cable.

Cable is a character whose very existence is difficult to describe. To make a convo-
luted story short, Cable is the son of two members of the X-Men. As a baby, Cable
is infected with a “techno-organic virus®, and is sent into the future in hopes that a
cure could be found for his disease.” The disease is arrested and Cable is left with
“techno-organic but not sentient” portions of his molecular structure that can be
altered at will® This means that Cable can re-configure parts
of his body to either a machine or an organic state. Asa rule,
some visible portion of his body is always portrayed as a machine and when asked
about why he would do this, when he could look entirely human, his response is “to
get where you want to go ... it never hurts to remember where you've been.™ It is
obvious that the relationship between Cable and his cybernetic system is a more
intimate and symbiotic one than exists for the class of controller cyborgs. This is
also true for another cyborg member of the bio-tech integrator class named
Weapon X

The term Weapon X is a confusing element in at least three different comic book
series. In its most general term, Weapon X is the Canadian government's top secret
program for building superheroes, unfortunately for Canada it seems that once
imbued with super powers, most of their creations do not feel like working for the
government anymore.” Weapon X was also Wolverine’s original designation. The
current Weapon Xis a character named Garrison Kane.™ The present Weapon XS
capabilities include increased strength and the ability to actually shoot parts of his
body at opponents as projectile weapons (i.e. a fist or an arm).® Again the cyber-
netic connection is made at a very basic systemic level. A controller such as
Wolverine can not alter his cyborg system at will but an integrator like Weapon X
certainly can.

Genetic Cyborgs

This is the third category of comic book cyborgs and one of the most interesting.
Characters in this class may or may not have artificial implants but their pri-
mary power rests in a purposeful alteration of their genet-
ic code. The issues of purposefulness and intent are critical and defining ideas
for this group. It is intent that distinguishes the genetic cyborg from the comic
characters that have been created by accident. These accidental individuals include
such notable figures as Superman, Spider-Man, Flash and the Hulk

The first constructed genetic cyborg was one of the comic world's most recognized
heroes, Coptain America. The Captain was a product of World War Il and his debut,
fighting against Hitler, in March of 1941, preceded Pearl Harbor.® In the first issue of
Captain America, the doctor who injected skinny Steve Rodgers (Copt. America’s
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alter ego) with the “super-soldier serum®, declares that the serum *is rapidly building
his body and his brain tissues, until his stature and intelligence increase to an amaz-
ing degree.™ During the course of one adventure, Captain America was thrown into
the icy waters of the North Pole, thanks to the cold and the serum he was preserved
until the mid-1960s when he was discovered and revived by the super-hero team,
the Avengers. Just recently, this original genetic cyborg received the bad news that
the serum was beginning to adversely affect his health and that if he continued to
perform his super-hero activities, he would eventually become paralyzed.” While
Captain America remains a popular character, his views on violence in comics have
become antiquated and mark him as a throw-back to a different era.

Whereas Captain Americo is arguably the first genetic cyborg, the character known
as Supreme is one of the newest. Supreme and Captain America are an interesting
pair for comparison since these two radically different characters were conceived
fifty-three years apart, but in their respective comic universes they were created at
essentially the same time. Steve Rodgers (a.k.a. Capt. America) volunteered for his
experiment out of his sense of patriotism but Supreme remembers a government
that "was playing with civilian lives as usual and | was offered a position with them
that | was unable to refuse.” During this experiment Supreme was given pills and
he recalls his handlers "shot me full of experimental drugs, exercised me, exposed
me to all sorts of radiation” until they hit upon the right mix which began to
increase his strength, mass and weight.” When the scientists connected him to
computers which "were able to accelerate what had already been started”, he
became a "genius ten-fold® and eventually realized that he had been “divinely
selected for omnipotence .. to be a supreme being." Not only is Supreme por-
trayed as much more powerful than Captain America but his attitude is diametri-
cally opposed to the Captoin's understated style. Supreme has also evidenced the
ability to, within a time span of nanoseconds, scan an opponent's weapon and then
alter his own biological structure to provide a natural defense against that specific
weapon, much like a super-powerful, consciously directed immune system.”

Marvel comics has always had a knack for designing characters that were bitter-
sweet and they managed to do it again when they created a mercenary codenamed
Deadpool. Deadpool was facing terminal cancer and had already been "on chemo
twice and radiation three times” before he submitted to Wegpon X' (the govern-
ment program) “bio-enhancing” experiments.” The results included increased
strength and an immune system that is constantly healing him while it is, ironically,
horribly scarring his body and disfiguring his face.” Deadpool also fits right in with
Weapon X' other projects. As soon as he is cured, he becomes a mercenary and
goes freelance.

These three categories represent the most popular and populated classes of cyborgs
in comics today. However, they do not encompass all of the characters that could
possibly be classified as cyborgian, nor is the listing of heroes and villains in these
groups anything more than a representation of entire groups of cyborgs. The cur-
rent comic book world of Marvel, Image, OC and others is literally packed with
individuals that could be classed as cyborgs.

A Cyborg's Greatest Fears or Our Fears of Them

Any current hero or villain in comics today faces a multitude of problems that the
characters of yesteryear never even dreamed of. Today's super-powered individuals
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worry about rent, careers, stable relationships, dysfunctional childhoods and even
the HIV virus. Shodowhowk, a character from Image comics, is HIV positive and his
creator states that AIDS will cause his death.” Among the issues comic book
cyborgs confront are violence, consciousness downloading, lost humanity, corpora-
tions as evil avatars and the view that obviously robotic creatures are almaost
entirely evil. Violence is probably the easiest problem to discuss and is certainly the
most graphic.

In his classic science fiction novel, Starship Troopers, Robert Heinlein's main charac-
ter declares that the clearly cyborgian "Mobile Infantry® has made future war and
violence "as personal as a punch in the nose.™ Comic book cyborgs are taking that
violence and making it as personal as ripping your spine out. In the November 1993
issue of Bloodstrike, over a space of six pages, Supreme singlehandedly crushes a
ribcage, smashes someone’s arms off, crushes a hand, gouges eyes out, hits a char-
acter in the stomach with such force that his opponent’s intestines fly out his back
and to finish up breaks a spine.” While this is an extreme example of violence, com-
mitted by a cyborg against other cyborgs, it is certainly not an isolated instance.

Violence, as a cyborg issue, is a double-edged sword. One edge cuts into society's
fears and desires concerning the present level of crime. These cyborg heroes are
taking on the drug lords and the terrorists who are keeping us up at night worrying
for our safety. Not only are they meeting them head on, but with regenerative tis-
sue and psionically-created weapons, they are violently and graphically destroying
these criminals. Instead of waiting or negotiating in a hostage situation, the char-
acter Supreme simply waded in and chopped them to death with his bare hands.”
This is eyborg justice. No Miranda rights, no crowded court dockets, no
criminals going free on a technicality. If you attract the attention of a cyborg hero,
you can probably expect to be killed or maimed.

The opposing edge of the blade lays open our own fears concerning the cyborgs
themselves. Are these images of our post-modern Frankenstein monsters? If these
cyborgs are so powerful, then how do we, as normal (7) homo sapiens, stand a
chance if they ever turn on us? In comic books creatures have been created that
are beyond the control of anyone. The fictional Weapon X program is a prime
example. The very ambiguity with which many of the cyborg
heroes and villains are portrayed, good guys become bad
guys and vice versa, is indicative of our unease with these
creations. The violence depicted on the pages of these comic books may be
perceived as warnings as to what might happen if we pursue this line of technolo-
gy. Wolverine, once said, "l can't be one hundred percent sure he's lying, but | have
to be one hundred percent sure because if | kill him, then he's one hundred percent
dead.”™ In the March 1994 issue of Captain Americo, there was a scene involving
Captoin America in civilian clothes intervening in a child's theft of comic books
from a local store. Coptain America looks at the comics and then asks the store
owner if he reads them:

Store owner: “0Of course | do! | love super-heroes .. they're at the cutting
edge of the counter-culture! | wish | knew some personally! I'd have the
Punisher break this punk’s hands or I'd have Wolverine carve the word “thief
on his forcheod!”

Capt. America: “Those heroes are your fovorites?
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Store owner: “Yep, the more violent they are the better | like them! The better
they sell too!™

This is an issue that clearly separates this very cyborgian comic era, from previous
epochs.
Lost Humanity

In his article on cyborg soldiers, Chris Gray notes that while current military
thought is "moving towards a more subtle man-machine integration”, the vision is
still one of *machine-like endurance with a redefined human intellect subordinated
to the overall weapons system.”™ While this reflects current military thinking, it is
not reflective of the man-machine control issues in comic books.

The hero or villain of today's cyborg comic book is likely to be in control of his
weapon system to a greater degree than ever before. A prime example of this
would be the character Supreme. Here is a genetic cyborg who exer-
cises control over his system at a cellular level.” In their article
on knowledge-based pilot aids, Cross, Bahnij and Norman, approach the issue of
control from the aspect of human capabilities. Specifically they state that "Humans
have finite capabilities. They are limited by the amount of information they can
process and the amount of time required to process that information.™ Here they
seem to be arguing for a preponderance of machine control in a man-machine sys-
tem because of a lack of human attention span. Cyborgs in comic books seem to be
unfettered by this problem and the reason is fairly clear, these characters are par-
ticipating in Old West shootouts with post-modern weapons. They are not
attempting to place a five-hundred-pound bomb on a particular building in a large
city while avoiding collateral civilian damage, they are up close and personal,

There also is some disparity between this article and the comic book world in terms
of which human capabilities are the lowest limiting factors in a man-machine sys-
tem. Bahniji, Cross and Norman make it clear that they feel the limit is on "CA ..
cognitive attention.” They go on to break down "CA" into "CAs= the cognitive
attention required for task accomplishment at the skill-based level, CAr= the cog-
nitive attention required for task accomplishment at the rule-based level and CAk=
the cognitive attention required for task-accomplishment at the knowledge-based
level.™ Comic book cyborgs are not constrained here because their cyborg system
allows them to make a quantum jump forward in skill, their rules are extremely
simplified (stop your target before they stop you) and all the knowledge they need
is the location of their opponent. As opposed to pilots of fighter aircraft who
require a great deal of their attention to be focused on the operation of their sys-
tem, cyborgs whose systems are managed intuitively require little of their attention
to be diverted from the actual combat. The issue of humanity with comic book
cyborgs then is not if the machine will take over the human side of the equation
but what will the human half choose to do with his new abilities.

The concept of looking and acting like a man and Moravec's more advanced idea
of downloading consciousness have both been dealt with in the world of the
comic book cyborg. The issue of how much machinery a person must integrate
before he becomes a machine however, has not drawn nearly as much attention
as the consciousness issue has. Perhaps the best example of this is a character
named the Vision.
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A Marvel comic describes the Vision as "a unique form of android known as a syn-
thezoid, who is both composed of mechanical parts and an unknown material that
mimics the properties and functions of human tissue and bone but is far stronger
and durable.™ The Vision has a long and interesting cybernetic history. He was cre-
ated by another robot, a villain known as Ultron, who originally used him to attack
the heroic Avengers® The Vision's consciousness was based on "encephalograms
from the brain of Wonder Man who was then believed to be dead ... in later years
the Vision and Wonder Man came to regard themselves as "brothers’ of a sort.™ If
all this was not enough, the history of this android becomes even more complicat-
ed. Over time the Vision managed to develop human emotions and he even mar-
ried a fellow super-heroine known as the Scarlet Witch, which in the comic world
“evoked the unreasoning hatred of bigots who would not accept the Vision’s claim
to be human.™ Once, due to damage sustained in a battle, he was connected to a
giant computer and through this connection came to believe that the way to save
humanity was for him "to take absolute control of the planet through linking him-
self to all the world's computers.™ Finally, the Vision had this connection severed,
returned to normal (a hero), was abducted by the government who now feared
him, was disassembled, his programming erased (killed?), was rescued by his friends,
was reassembled but lost his capacity for emotions, was divorced and is now a
reservist for the Avengers.* From his marriage on there were arguments over
whether or not the Vision was alive, what relation he had to Wonder Man since
they shared brain patterns and whether or not he could be trusted. This would be
an interesting point to bring up to Moravec. If consciousness could be downloaded
and "backup copies” could truly be made, what would happen if a couple of you
were in existence at the same time? The question of the Vision's loyalty and the
fact that he was created by the evil robot, Ultron, brings up the issue of the nature
of robots and androids in the comic world."

The great evils in the comic world are the multi-national
corporations. In their article on the growth of new cyborgian political enti-
ties, Gray and Mentor assert that "the age of the hegemony of the nation state is
ending.™ They go on to speak of nation states being “drained of sovereignty by
multinational corporations on one side and nongovernmental organizations and
international subcultures sustained by world-wide mass telecommunications on
the other.™ This is exactly the situation that has come to pass in comics, especially
in the world of Image comics. In one particular comic, aptly name Cyberforce, the
great evil is a corporation, again with the appropriate name of CyberData. This sce-
nario has CyberData implanting its SH.O.C (Special Hazardous Operations Cyborgs)
troops with a micro-circuit implant that forces the recipient's personality into more
and more aggressive and lethal pathways.® The idea behind the super-hero team is
that a doctor, employed by CyberData, uncovers its scheme and develops a method
for removing the chips. He is promptly killed but by then the team is formed and
they still possess the removal method.”

Two other teams that were formed by corporate interests were YoungBlood and
Heawvy Mettle. These two groups are both genetically engineered humans who are
employed by a corporation known as GATE. International and who are contracted
to the government.” Gray, in his article on war cyborgs, asserts that "the very pos-
sibility of cyborgs is predicated on militarized high technology” While this contin-
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ues to be true in comic books it is not the government that is in control of this
technology.” While most of these super-powered teams seem to work for the good
of society, there is always the possibility, indeed the implicit danger, that a member
or an entire team may go renegade.

The arms race is also clearly present in this new generation of comic books. The
twist is that this time the arms are people. In StormWotch the race is for
*seedlings”, children who may have been genetically altered by the close passing of
a strange comet.” This type of race is in line with the prediction by Gray and
Mentor that "the body politic of the future will be those cyborg industries which
meld great skill at information processing and personnel management into tremen-
dous profits and powers" as well as their observation that “cyborgs are also
the children of war and there is a real chance that the
dominant cyborg body politics of the future will be mili-
tary information societies much like the U.S."™ It seems
that the comic book vision of the future has that domi-
nant body politic resting within the corporate veil.

These issues of violence, downloading, and evil corporations are just a few of the
myriad of problems being discussed in cyborg-oriented comics.™

Concluding Thoughts

The poet’s eye, in a fine frenzy rolling,

Dath glance from heaven to earth, from
earth to heaven;

And, as imogination bodies forth

The forms of things unknown, the poet's

pen

Turns them to shapes, ond gives to airy
nothing

A local habitation and @ name.”

In Shakespeare's time it was the poet who gave wings to visions of the future, later
writers such as Verne and Wells took up the burden. More recently, Asimov, Pohl,
Clarke and Card have all provided us with their unique interpretations of what the
future will look like. Today, science fiction writers still provide a large part of future
scenarios but they are also being helped along to a growing extent by comic book
artists and writers.

Where those future visions include cyborgs, comic books have seized them tightly.
On those multi-colored pages of what were once considered kid's toys are some of
the most graphic and vivid images of what cyborgs might look like. Not only are
their potential shapes explored but their potential uses as well. The popularity of
comic book cyborgs also attests to the growing acceptance and interest in the pos-
sibility of such creations. If a search is on for a medium in which cyborgian futures
are being explored with great vision and energy, a researcher need look no further
than the local comic book store.

"For the purpose of this paper a key factor in determining whether or not a hero or willain is a cyborg will
be based on design. Changed humans who were created by acodent, e, Daredewi, Spder-Man, will not
be considered cyborgs, they are mose properly mutants,

"If cyborgs in comics seem ambiguous in nature, more overtly robotic creatures do not. A quick look at the
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maost obviously robotic characters such as Vision, Uitron, Sinseor, Nimrod and the Sentinels, reveals that ail
at one time were villians and that all but the Vision are still considered evil. The question seems 1o be why
do comics regand the creatures that humans should be able to control to the greatest extent, a5 the cre-
ations most likely to run amok? These villians are constantly creating more evil robots and Witron's plans
have grown to include his intention of obliterating not just humanity, but all plants and animals—all
arganic life on Earth. Since the focus here is on cyborgs, suffice it to say that the robotic position is at
least as interesting as that of cyborgs

"Some other problems include:

Anti-mutant Hysteria: Glance at any of the pages of comic books involving mutants, particularly in the
Mareel wnncerse, and exampbes will be found of sinister-sounding mutant registration programs, and
grass-ro0ts bigotry against mutants, also known as “homao superior.”

Gender/Race/Handicaps: A multitude. The leader of the Avengers, one of the oldest super-hero teams, is
a woman, the current Coptain Monve! is a black woman and there are also blind, paraplegic heroes as well
as HV-positive characters and characters fighting cancer.

Comic books also dive into cyberspace, virtual reality addicts, multiple uses of holographic technology and
artificial intelligence racing out of contral.
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