
1. N. Katherine Hayles, How We Became Posthuman: Virtual Bodies in Cybernetics, Litera-
ture, and Informatics (Chicago: University of Chicago Press, 1999).

Dualistic thinking is as difficult to avoid as the sticky clay that passes
for topsoil where I live in Topanga Canyon. When it gets even a little
wet, it attacks my feet so resolutely that I look as if I am wearing
snowshoes. I try to avoid it, of course, but inevitably something lures
me off the beaten path and there I am again, stomping around with
elephant shoes. In similar fashion I struggled to avoid the Cartesian
mind-body split in my recent book How We Became Posthuman when
I made a distinction between the body and embodiment.1 The body,
I suggested, is an abstract concept that is always culturally con-
structed. Regardless of how it is imagined, “the body” generalizes
from a group of samples and in this sense always misses someone’s
particular body, which necessarily departs in greater or lesser mea-
sure from the culturally constructed norm. At the other end of the
spectrum lie our experiences of embodiment. While these experi-
ences are also culturally constructed, they are not entirely so, for
they emerge from the complex interactions between conscious mind
and the physiological structures that are the result of millennia of
biological evolution. The body is the human form seen from the
outside, from a cultural perspective striving to make representations
that can stand in for bodies in general. Embodiment is experienced
from the inside, from the feelings, emotions, and sensations that
constitute the vibrant living textures of our lives—all the more vi-

297

Flesh and Metal: Reconfiguring the

Mindbody in Virtual Environments

N. Katherine Hayles
University of California, Los Angeles

Configurations, 2002, 10:297–320 © 2003 by The Johns Hopkins

University Press and the Society for Literature and Science.

mcb



brant because we are only occasionally conscious of their humming
vitality.2 I tried to stay on the holistic path by insisting that the body
and embodiment are always dynamically interacting with one an-
other. But having made the analytical distinction between the body
and embodiment, I could not escape the dualistic thinking that
clung to me regardless of my efforts to avoid it.

I want now to construct the situation in a different way. This es-
say pushes beyond the position articulated at the end of How We Be-
came Posthuman, where I argued that the erasure of embodiment
characteristic of the history of cybernetics should not again be en-
acted as we move into the technoscientific formations I call the
posthuman. Rather than beginning dualistically with body and em-
bodiment, I propose instead to focus on the idea of relation and
posit it as the dynamic flux from which both the body and embodi-
ment emerge. Seeing entities emerging from specific kinds of inter-
action allows them to come into view not as static objects precoded
and prevalued, but rather as the visible results of the dynamic on-
goingness of the flux—which in itself can be neither good nor bad
because it precedes these evaluations, serving as the source of every-
thing that populates my perceived world, including the body and
experiences of embodiment.3

Beginning with relation rather than preexisting entities changes
everything. It enables us to see that embodied experience comes not
only from the complex interplay between brain and viscera that An-
tonio R. Damasio compellingly describes in Descartes’ Error: Emotion,
Reason, and the Human Brain, but also from the constant engagement
of our embodied interactions with the environment.4 Abstract ideas
of the body likewise arise from the interplay between prevailing cul-
tural formations and the beliefs, observations, and experiences that
count as empirical evidence in a given society. In this view, embodi-
ment and the body are emergent phenomena arising from the dy-
namic flux that we try to understand analytically by parsing it into
such concepts as biology and culture, evolution and technology.
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2. For a sympathetic account of the importance of emotion to human cognition, see
Antonio R. Damasio, The Feeling of What Happens: Body and Emotion in the Making of
Consciousness (New York: Harcourt, 1999).

3. I have been arguing for such a view for several years. See, for example, N. Katherine
Hayles, “Constrained Constructivism: Locating Scientific Inquiry in the Theater of Rep-
resentation,” New Orleans Review 18 (1991): 76–85; reprinted in Realism and Representa-
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George Levine (Madison: University of Wisconsin Press, 1993), pp. 27–43.

4. Antonio R. Damasio, Descartes’ Error: Emotion, Reason, and the Human Brain (New
York: Putnam, 1994).



These categories always come after the fact, however, emerging from
a flux too complex, interactive, and holistic to be grasped as a thing
in itself. To signify this emergent quality of the body and embodi-
ment, I will adopt the term proposed by Mark Hansen to denote a
similar unity, the mindbody.5

While a study of anatomy textbooks written across the centuries
will confirm that ideas of the body change as the culture changes, it
is less obvious that our experiences of embodiment also change.6

Refusing to grant embodiment a status prior to relation opens the
possibility that changes in the environment (themselves emerging
from systemic and organized changes in the flux) are deeply inter-
related with changes in embodiment. Living in a technologically
engineered and information-rich environment brings with it associ-
ated shifts in habits, postures, enactments, perceptions—in short,
changes in the experiences that constitute the dynamic lifeworld we
inhabit as embodied creatures. One story about these changes—a
story I deeply want to resist—narrates them as what Donna Haraway
calls a masculinist fantasy of second birthing, a transcendent union
of the human and the technological that will enable us to download
our consciousness into computers and live as disembodied informa-
tion patterns, thereby escaping the frailties of the human body, es-
pecially mortality.7 But one need not indulge in this fantasy to grant
that embodied experiences are changing through interactions with
information-rich environments, a point that Andy Clark tellingly
makes when he argues that technologies have always coevolved with
the human brain.8

What kinds of changes are bringing about these shifts in embod-
ied experience? Space will not allow me to explore this question
fully, but I can sketch a few possibilities to indicate what I have in
mind. Consider first the force of habits to shape embodied responses—
especially proprioception, the internal sense that gives us the feeling
that we occupy our bodies rather than merely possess them.9 Com-
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5. Mark Hansen, “From Image to Affect: Making Sense of New Media Art,” presentation
at UCLA, May 2001.
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puter video game players testify to feeling that they are projecting
their proprioceptive sense into the simulated space of the game
world; in fact, they eloquently insist that being a good player ab-
solutely requires this kind of projection. Their body boundaries have
fluidly intermingled with the technological affordances so that they
feel the joystick as an unconscious extension of the hand. Simon
Penny, acknowledging the power of these interactive computer
games, discusses them as a bodily discipline that the military has
been quick to appropriate.10 Moreover, the interactions have the po-
tential not only to condition, but actually to shape the central and
peripheral nervous systems. Of species on earth, humans are among
those with the longest period of neotony, extending at least into
adolescence the capacity of the nervous system to change and
evolve after birth. The flexibility of the human neural system en-
ables new synaptic connections to form in response to embodied in-
teractions. This implies that a youngster growing up in a medieval
village in twelfth-century France would literally have different
neural connections than a twenty-first-century American adolescent
who has spent serious time with computer games.

In addition to these biological changes there are more intrusive
interventions that join the biological with the technological. Sandro
Mussa-Ivaldi and his research team at Northwestern University have
successfully removed portions of a sea lamprey’s brain, kept it alive
in a bath of nutrients, and then connected wires to bring electrical
signals from a mobile robot’s optical sensors into the lamprey’s
vestibular system, the part of the brain that deals with up-down ori-
entation in the water. The disembodied brain apparently interprets
the robot’s signals as denoting a certain orientation in the water and
sends signals back that make the robot move toward the light (the
most common response), or away; additional behaviors include
wheeling in a circle and spinning in a spiral configuration.11 This fu-
sion of biological organism and cybernetic device is so striking that
“cyborg” seems too innocuous a term to describe it. Experiments are
under way at UCLA and elsewhere to use similar technologies to link
the brain waves of paraplegics with remote actuators, thus enabling
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neurological disorder and consequently felt that she operated her body as if it were a
puppet.
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in press).
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them to manipulate objects in their environment in ways that
would otherwise be impossible; success depends on their ability to
put their brains in intense feedback loops with the technology,
thereby forming new neural patterns that can drive the actuators.
Other interventions include implants such as those Kevin Warwick,
professor of Cybernetics at the University of Reading in England,
had inserted into his arm: His first implant was a passive device,
communicating only with embedded sensors in the environment.12

He advanced from that to a second implant that also sends signals to
his nervous system, creating an integrated circuit linking his evolv-
ing neural patterns directly with environmentally embedded sensors
and computer chips.13

The number of people who have implants is likely to remain min-
uscule, at least for the immediate future. Greater numbers will be af-
fected by the continuing development and expansion of pervasive
computing. The idea is to embed innumerable sensors and small
computers in the environment capable of collecting, processing,
storing, and transmitting information. Recent-model cars already
have a module under the right front seat that collects more than two
hundred different kinds of information; when the car is taken in for
service, the mechanic downloads the information into his computer,
where a diagnostic software program analyzes it and identifies mal-
functioning parts. An article on telematics in the London Financial
Times details further developments, including an eye-tracking sys-
tem that analyzes a driver’s eye motions to anticipate moves such as
changing lanes; the system coordinates this information with im-
ages from a rear video camera and warns the driver if the move is un-
safe.14 Additional functionalities include analyzing eye motions to
determine if a driver is getting sleepy, which also triggers a warning.
Related to telematics within the car is the development of smart
highways, with embedded sensors and computers capable of track-
ing a car’s movement: the goal is to develop cars and highways with
interlocking computer systems that will enable cars to drive them-
selves. Similarly, sensors are being embedded in smart buildings, en-
abling a building to sense the presence of human beings and activate
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12. Kevin Warwick, “Cyborg 1.0,” Wired 8:02 (February 2000), available on-line at
www.wired.com/wired/archive/8.02/warwick.html.

13. Kevin Warwick describes this device and its function in I, Cyborg (London: Gar-
nder’s UK, 2003). The operation is also described on his website, www.kevinwarwick.org,
as “Project Cyborg 2.0.”

14. Mark Vernon, “Telematics Will Transform the Driving Experience,” Financial Times
June 6, 2001, FT-IT Review, pp. 7–12.



or shut down ventilation, lighting, heating, and cooling systems and
a variety of other functionalities. While many information transac-
tions will take place between embedded computers without the
people who move in those spaces knowing about them, enough of
the infrastructure will be visible to make experientially vivid the
myriad ways in which our embodied interactions with the environ-
ment generate, direct, and change the information flows surging
ceaselessly around us.

The development of smart environments makes even more per-
suasive the arguments of philosopher Andy Clark and anthropolo-
gist Edwin Hutchins that cognition should not be seen as taking
place in the brain alone. Rather, cognition in their view is a systemic
activity, distributed throughout the environments in which humans
move and work. Indeed, Clark argues that the distinctive character-
istic of humans has always been to enroll objects into their cognitive
systems, creating a distributed functionality he calls “extended
mind.”15 We are cyborgs, he wrote in a recent article, “not in the
merely superficial sense of combining flesh and wires, but in the
more profound sense of being human-technology symbiots: think-
ing and reasoning systems whose minds and selves are spread across
biological brain and non-biological circuitry”; observing that the
“extended mind” is a strategy almost as old as humans, he never-
theless points out that the joining of technology with biology has
created a “cognitive machinery” that is “now intrinsically geared to
transformation, technology-based expansion, and a snowballing and
self-perpetuating process of computational and representational
growth.”16 Although relatively small changes in human brains may
have been sufficient to make us into the “symbolic species,” as
Terrence Deacon calls humans,17 these incremental changes have
now catapulted us “on the far side of a precipitous cliff in cognitive-
architectural space.”18

Following a similar line of thought, Edwin Hutchins argues that
cognitive scientists made a fundamental mistake when they located
cognition in the brain and then tried to model that cognition in ar-
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15. Andy Clark, Being There: Putting Brain, Body, and World Together Again (Cambridge,
Mass.: MIT Press, 1998).
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tificial intelligences.19 They rather should have recognized that cog-
nition is a systemic activity distributed throughout the environment
and actuated by a variety of actors, only some of which are human.
In his view it is not merely a metaphor to call drawing a line on a
navigational chart “remembering” and erasing a line “forgetting,”
for if these objects are part of our extended mind, drawing and eras-
ing are indeed functionally equivalent to remembering and forget-
ting. The extended-mind model indicates how cultural perceptions
change in relation to the development of information-rich environ-
ments: Instead of the Cartesian subject who begins by cutting him-
self off from his environment and visualizing his thinking presence
as the one thing he cannot doubt, the human who inhabits the
information-rich environments of contemporary technological soci-
eties knows that the dynamic and fluctuating boundaries of her
embodied cognitions develop in relation to other cognizing agents
embedded throughout the environment, among which the most
powerful are intelligent machines.

In these views the impact of information technologies on the
mindbody is always understood as a two-way relation, a feedback
loop between biologically evolved capabilities and a richly engi-
neered technological environment. Such feedback loops may be
reaching new levels of intensity as our environments become
smarter and more information-rich, but the basic dynamic is as old
as humans. Returning to The Symbolic Species, I take Deacon’s point
that while the evolution of language changed human brain struc-
ture, human brain structure affected the evolution of language. To
emphasize the importance of this relationality, he proposes that we
“imagine language as an independent life form that colonizes and
parasitizes human brains, using them to reproduce.”20 The relation-
ship is symbiotic: “modern humans need the language parasite in
order to flourish and reproduce, just as much as it needs humans to
reproduce. Consequently, each has evolved with respect to the
other.”21 He draws an analogy with the evolution of computer inter-
faces: When interfaces were restricted to DOS commands, computers
were seen as the special province of scientists, engineers, and other
researchers. With the more intuitive interfaces pioneered at Xerox
PARC and implemented by Apple, computers spread much more
rapidly in the population, in part because they were better suited to
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brain processing.22 This is the other side of adaptations in the brain
to better accommodate computer dynamics. Relationality implies a
deep and dynamic connection between the evolutionary pathways
of computers and humans, each influencing and helping to config-
ure the other.

My argument further implies that these coevolutionary dynamics
are not only abstract propositions grasped by the conscious mind,
but also emergent dynamic processes actualized through interac-
tions with the environment. And here there is a problem. Especially
in times of rapid technological innovation, there are many gaps and
discontinuities between abstract concepts of the body, experiences
of embodiment, and the dynamic interactions with the flux of
which these are enculturated expressions. The environment changes
and the flux shifts in correlated systemic and organized ways, but it
takes time, thought, and experience for these changes to be regis-
tered in the mindbody.

Bridging these gaps and connecting these discontinuities is the
task taken on by the three Virtual Reality artworks discussed here:
“Traces,” by Simon Penny and his collaborators; “Einstein’s Brain,” by
Alan Dunning, Paul Woodrow, and their collaborators; and “nØtime,”
by Victoria Vesna and her collaborators. If art not only teaches us to
understand our experiences in new ways but actually changes expe-
rience itself, these artworks engage us in ways that make vividly real
the emergence of ideas of the body and experiences of embodiment
from our interactions with increasingly information-rich environ-
ments. They teach us what it means to be posthuman in the best
sense, in which the mindbody is experienced as an emergent phe-
nomenon created in dynamic interaction with the ungraspable flux
from which also emerge the cognitive agents we call intelligent ma-
chines. Central to all three artworks is the commitment to under-
standing the body and embodiment in relational terms, as processes
emerging from complex recursive interactions rather than as pre-
existing entities. Because relationality can be seen through many
lenses, I have chosen works that place the emphasis on different
modes of relation. “Traces” foregrounds the relation of mindbody to
the immediate surroundings by focusing on robust movement in a
three-dimensional environment; “Einstein’s Brain” foregrounds per-
ception as the relation between mindbody and world that brings the
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flux into existence for us as a lived reality; and “nØtime” emphasizes
relationality as cultural construction.

These configurations can also be understood in terms of the
typology that Don Ihde proposes in Technology and the Lifeworld:
From Garden to Eden.23 Parsing the general situation as Human-
technology-World Relations, he identifies three variants. The first,
which he calls “embodiment relations,” bundles the human and the
technological into one component and emphasizes the relationality
between this component and the world: (Human-technology)→
World. This corresponds to the situation in “Traces,” in which the
technology reproduces the human form in a simulation (thereby
bundling together the technology and the human) and emphasizes
the movement of the simulated techno-human through space. The
second variant, identified by Ihde as “hermeneutic relations,”
bundles together technology and the world and emphasizes the re-
lationality with the human: Human→(technology-World). This
parsing is performed in “nØtime,” which leaves the human body
unencumbered to experience an installation space permeated by
sensors, actuators, and display technologies, which bundle together
the world and technology. The third parsing, “alterity relations,” is
parsed as Human→technology-(-World), where the brackets around
World indicate that the bundling of technology and world is
achieved through the creation of a simulated world, which is then
put into relation with the human. Although the three emphases of
enactment, perception, and enculturation (corresponding to em-
bodiment, hermeneutic, and alterity relations in Ihde’s schema) by
no means exhaust the ways in which relationality brings the mind-
body and the world into the realm of human experience, they are
capacious enough in their differences to convey a sense of what is at
stake in shifting the focus from entity to relation.

Relation as Enactment

In The Embodied Mind: Cognitive Science and Human Experience,
Francisco Varela, Evan Thompson, and Elanor Rosch articulate a vi-
sion of relationality that has much in common with “Traces.” They
write: “living beings and their environments stand in relation to
each other through mutual specification or codetermination.”24 Coin-
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ing the term “enaction” to describe this dynamic interplay between
self and world, they envision mindbody and environment coming
into existence through a mutual process of “codependent arising.”25

It is precisely this kind of relationality that Simon Penny wanted
to implement in a Virtual Reality (VR) environment. As early as 1994
he articulated a desire to depart from the usual VR model that, in his
assessment, “blithely reifies a mind/body split that is essentially pa-
triarchal and a paradigm of viewing that is phallic, colonizing, and
panoptic.”26 In “Traces,” Penny along with collaborators Jeffrey
Smith, Phoebe Sengers, Andre Bernhardt, and Jamieson Shulte cre-
ated an interactive artwork designed to bring the body more fully
into the virtual space. Reacting against the VR rhetoric of disembodi-
ment, they critique this rhetoric as deriving from “an essentially un-
interrogated Cartesian value system, which privileges the abstract
and disembodied over the embodied and concrete.”27 They pro-
posed, by contrast, to build “an unencumbering sensing system
which modeled the entire body of the user” (p. 3). Working with a
three-dimensional CAVE environment that displays simulated visual
images along four surfaces (three walls and the floor) as well as in the
goggles of the user, they implemented a visual tracking system that
computes the volume of the user’s body by modeling its movement
in space and time through three-dimensional cubes called “voxels”
(volumetric units named by analogy to two-dimensional pixels).
From this computation they created “traces,” simulated images of
volumetric residues that trail behind the rendered model of the
user’s body, gradually fading through time as continued movement
creates new traces that also fade in turn. The body model and
residues are comprised of lilac-colored voxels 5 cm on a side, ren-
dered in a simulation space 60 × 60 × 45 voxels in three dimensions,
with computational time steps of 15 fps. Since the time-step interval
falls below the threshold of 24 fps at which successive frames appear
to human viewers as continuous motion, the computational process
manifests itself to the user and outside viewers as somewhat jerky in
its motion. This effect, although in one sense a constraint imposed
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by the amount of computation required for each updating, is em-
braced by Penny and his collaborators as part of a larger aesthetic
strategy to “avoid any pretense of organic form. There was a desire
to be up-front about the fact that this was a computational environ-
ment, not some cinematic or hallucinatory pastoral scene” (p. 13).
For the same reason, the collaborative team renounced what they re-
garded as the “eye candy” of virtual worlds ready for exploration, us-
ing texture-mapping only for the virtual room projected on the
CAVE walls, about twice the size of the CAVE’s dimensions of three
meters on a side. Instead of a graphically rendered virtual world, the
user “simply sees graphical entities spawned by various parts of their
[sic] body when in motion” (p. 10).

The avatar interface is designed, in Penny’s terminology, to be
“autopedagogical,” teaching the user how to interact with it through
its evolution through the three phases of Passive Trace, Active Trace,
and Behaving Trace. In the Passive Trace the simulated volume pas-
sively follows the user’s motions, creating the impression that the
user “‘dances’ a ‘sculpture’” (p. 4), though a transitory one that grad-
ually fades into transparency as it moves away from the viewer into
the simulated space on the front wall of the CAVE. With its time-
sensitive evolving transparency, the Passive Trace would seem to
have more in common with Henri Bergson’s vision of flowing time
than with the enduring static form that sculpture usually implies. As
the user continues to move in the space, the trace transforms from a
passively following cloud to active entities that can be “spun off” the
user’s body through rapid motion or acceleration, for example by
flicking one’s hand rapidly down one’s arm as if shaking off water
droplets. At first these entities follow the user, but gradually they be-
come more autonomous as their motions are guided by autonomous
agent software. As they make the transition into the Behaving Trace,
they exhibit behaviors characteristic of such artificial life programs
as Craig Reynolds’s “Boids,” simulated forms that exhibit flocking
behavior when programmed with a relatively simple set of rules such
as “always fly toward the center of where the other objects are.” The
simulated objects in the Behaving Trace may follow the user, for ex-
ample, or they may break off and head in other directions, moving
as a flock following its own artificial life dynamics.

Although the immediate meaning of “autopedagogical” for
Penny is the progression whereby “Traces” teaches the user how to
interact with it, the term evocatively points toward other realiza-
tions as well. By incorporating a temporal dimension into the work,
and especially by having the duration of the trace visibly fade away
as it ages, the artwork resists the fantasy that information technolo-
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gies will allow us to escape our bodies and move into transcendent
spaces where we can avoid the ravages of time. Another realization
emerges from the “traces” metaphor, which suggests new kinds of
possibilities for interactions between humans and intelligent ma-
chines. As Penny and his collaborators point out, the “Traces” simu-
lation, considered as an avatar, occupies a middle ground between
avatars that mirror the user’s motions and autonomous agents that
behave independently of their human interlocutors. As the “trace”
avatar transforms from mirroring the user’s actions to engaging in
autonomous behaviors, it enacts a borderland where the boundaries
of the self diffuse into the immediate environment and then differ-
entiate into independent agents. This performance, registered by the
user visually and also kinesthetically as she moves energetically
within the space to generate the entities of the Active and Behaving
Traces, makes vividly clear that the simulated entities she calls “her
body” and the “trace” are emergent phenomena arising from their
dynamic and creative interactions.

Moreover, the elegant simplicity of the simulation—the refusal to
add “eye candy” to the visual effects—helps to make real to the user
that the avatar is in effect indistinguishable from her interface with
the computer. The trace avatar, Penny and his collaborators write,
“must be thought of as the part of the system which is intimately
connected to the user. In this way, the line between system, avatar,
and interface also becomes blurred; the avatar becomes the interface,
the point at which the computational system and the user make
contact” (p. 22). The aesthetic strategy of refusing to conceal the
computational nature of the simulation resists the fantasy of tran-
scendent second-birthing by grounding the work in the constraints
of real-life computational and sensing devices. As the “Traces” arti-
cle explaining the construction of the work makes clear, this is no il-
lusory world of limitless possibilities, but a carefully engineered art-
work in which numerous trade-offs and “workarounds” are required
to make the project feasible. The ingenuity, creativity and skill of the
designers and programmers are repeatedly tested as they confront a
variety of problems, from devising a workable camera tracking sys-
tem to balancing the graininess of the voxelated image against in-
creased latency times as the computational load increases. Coming
to grip with these problems, they achieve the key insight that con-
straints can function as opportunities as well as problems. This ap-
proach led them to see that the problems involved in having the
avatar exactly track the user’s body could be used constructively if
they switched metaphors: rather than regarding the avatar as a mir-
roring puppet, they think of it as a trace emerging from the border-

308 Configurations



lands created by the energetic body in motion. What was a tracking
problem is thus transformed into the possibility of creative play be-
tween user and avatar.

The net result of these compromises, creative solutions, and trans-
formations is to make real for us the insight that the artwork is not
simply the instantiation of an abstract concept, but an artifact that
emerged from the dynamic relation between the vision of the de-
signers, the constraints imposed by the situation, and the powerful
but still limited capabilities of the intelligent machines that perform
the sensing, computational, and rendering tasks that make the pro-
ject a reality. In its form, construction, and functionality, “Traces”
testifies to this relationality at the same time that it also performs re-
lationality for the user. Far from the fantasy of disembodied infor-
mation and transcendent immortality, “Traces” bespeaks the playful
and creative possibilities of a body with fuzzy boundaries, experi-
ences of embodiment that transform and evolve through time, con-
nections to intelligent machines that enact the human-machine
boundary as mutual emergence, and the joy that comes when we re-
alize we are not isolated from the flux but rather enact our mind-
bodies through our deep and continuous communion with it.

Relation as Perception

In “The Brightness Confound,” Brian Massumi reminds us of
Wittgenstein’s puzzlement as he stares at his sunlit table and realizes
that he cannot say what color the table is, for his perception fuses
luminosity, radiance, and color into a unity that defies tidy catego-
rization. Following Marc Bornstein, Massumi calls this unity “the
brightness confound” and makes the simple but elegant point that
the perception is a “singular confound of what are described empir-
ically as separate dimensions of vision.”28 In this sense the confound
is absolute:

Absoluteness is an attribute to any and all elements of a relational whole. Ex-

cept, as absolute, they are not “elements.” They are parts or elements before

they fuse into the relational whole by entering indissociably into each other’s

company; and they are parts or elements afterwards, if they are dissociated or

extracted from their congregation by a follow-up operation dedicated to that

purpose. In the seeing, they are absolute.29
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Insisting on this absoluteness, Massumi nevertheless writes as if the
elements of the confound have a prior existence as separate entities.
Humberto Maturana expunges this vestige of realism when, in de-
veloping the theory of autopoiesis, he makes the point that someone
experiencing a hallucination would be unable to distinguish the hal-
lucination from reality.30 In Maturana’s view, what we perceive is re-
ality for us.

In the “Einstein’s Brain” project, Canadian artists Alan Dunning
and Paul Woodrow stage what we might think of as Maturana’s
claim (although they come to this view via their own independent
paths, and not necessarily through Maturana). They are keenly con-
scious of the ironic overtones of their chosen title, referencing
Roland Barthes’s essay by a similar title. Commenting on Einstein’s
brain as a fetishized object, they write: “His brain has passed into the
world of myth, cut up and minutely examined but revealing little.”31

The title points up the fact that the brain as fetishized physical ob-
ject, considered in isolation from the world, cannot possibly account
for the richness of human experience. In his meditation on the sub-
ject, Barthes related the duality of physical brain and prodigious
mind to a split between Einstein as the researcher and Einstein the
knower of the world’s innermost secrets.32 Rooted in the physical
brain, Einstein’s mind nevertheless seemed to have nearly occult
powers of insight, at least in the popular imagination. This oscilla-
tion between ordinary physical reality and occult power translates in
the “Einstein’s Brain” project into a desire to use advanced tech-
nology to reveal the constructedness of our everyday world.
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The “Einstein’s Brain” project has been in process for five years
and has taken a variety of forms in different installations, but a com-
mon idea unites all the instantiations.33 The artists (like Maturana)
are committed to the realization that the world of consensual reality
does not in any sense exist “out there” in the forms in which we per-
ceive it. Rather, the world we know is an active and dynamic con-
struction that emerges from our interactions with the flux:

We think of the body as separate from the world—our skin as the limit of our-

selves. This is the ego boundary—the point at which here is not there. Yet, the

body is pierced with myriad openings. Each opening admits the world—star-

dust gathers in our lungs, gases exchange, viruses move through our blood

vessels. We are continually linked to the world and other bodies by these

strings of matter. We project our bodies into the world—we speak, we breathe,

we write, we leave a trail of cells and absorb the trails of others. The body en-

folds the world and the world enfolds the body—the notion of the skin as the

boundary to the body falls apart. (p. 7)

The artists self-consciously position their work in opposition to
military and corporate uses of Virtual Reality, which continually aim
for greater and greater realism. They point out that when Virtual Re-
ality illusions are engineered with the goal of seamlessly reproducing
the “real” world, the effect (wittingly or not) is to reinforce existing
structures of authority and domination—structures that, in their de-
sire to preserve the status quo, find it in their interest to foreclose al-
ternative constructions of reality, and moreover to keep them from
coming to mind as possibilities. By contrast, Dunning and Woodrow
conceive of the simulation technologies as deliberately imperfect, so
as to make clear their construction as “reality engines connected not
to the generation of a reality but as a means of attending to a con-
sciousness that in turn fashions a reality” (p. 7).

To resist the domination in VR of a “realism rid of expression,
symbol or metaphor” that is “sustained by the authorities of homo-
geneity and seamlessness” (p. 1), Dunning and Woodrow create a
“cranial landscape” merging symbolic and semiotic markers with the
landscape of experience (p. 5). Their work often has a somewhat
idiosyncratic range of reference overlying the consistency of their vi-
sion, rather as if a magpie had collected shiny bits from here and
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there because they attracted her attention and had then woven
them into a nest of breathtaking coherence and careful design. Dun-
ning and Woodrow create a semiotically marked landscape that exists
for the user as a negotiable surface, and also as a changing landmass
tied in with the user’s responses as they are registered through read-
ing her brain waves and other physiological indicators. Thus the in-
spiration for the cranial landscape comes partly from the Carte du
tendre, in Madeleine de Scudéry’s seventeenth-century novel, Clélie:
Histoire Romaine. The Carte du tendre is a romantic narrative map in-
scribing onto a landscape names indicating the predictable heating
up and cooling off of a love affair.34 Another source of inspiration is
the “dérive” of the Situationists, a random walk through the city
governed by the principle that every turn and meander should be
taken at random rather than with the intent to arrive somewhere.
Guy Debord’s 1957 map of Paris with arrows marking the course of
a dérive suggested to Dunning and Woodrow that even something
as apparently static and durable as city architecture might be reimag-
ined as emerging in complex interplay with human enactments—so
their plan for the “Forest of Vowels,” a site inspired also, according
to the artists, by Rimbaud’s poetry, calls for the association of exter-
nal events in the real world with the landscape of the virtual world.
These associations include feeding in the moon’s changing gravita-
tional forces so they alter the form of the virtual world’s landmasses,
tying fluctuations in the stock market to the growth patterns of trees
and plants, and connecting the daily attendance figures at Graceland
to the changing cultural paradigms of the virtual world (p. 6).

Another idiosyncratic influence is “The Stone Tapes,” a story pro-
duced by Nigel Kneale on BBC Television on December 25, 1972.
The story takes the form of a mystery centered on an apparently
haunted building, which has somehow recorded in its inorganic
stone traumatic events that happened there; the building has the ca-
pacity to play these recordings back by transferring them directly to
the brains of people who come inside the building, so that it appears
to the people as if they are spectators of the original events. The
story appeals to Dunning and Woodrow on multiple levels. The
building displays qualities that make it appear as if it can operate as
a subject, thus blurring the boundary between an exterior static
architecture and the dynamic interior world of human emotion.
Moreover, the humans haunted by the building must confront the
apparent reality of an illusion generated from inside their own
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brains, blurring the boundary between their perceptions of the real
world and the illusions activated for them by the stone building.

The incongruities between a Virtual Reality experienced by those
who are “haunted” and the consensual reality experienced by
onlookers are dramatically staged in Dunning and Woodrow’s in-
stallation “The Madhouse,” in which participants wearing VR gog-
gles engage in behaviors that can only appear strange and bizarre
from the viewpoint of those who do not see or hear the simulations.
In a similar mode is their plan for an artwork that would force par-
ticipants to question consensual reality by creating deliberately un-
stable and deficient renderings of the virtual world. In this projected
work vision is blurred, detail is shifting and inconstant, slower or
faster frame rates suggest a rendering engine behind the scenes, left-
or right-hand sides of stereoscopic vision blink out, depth percep-
tion is lost, objects appear only when one is in motion, the edges of
the worlds visibly reinvent themselves. They write of their motiva-
tion for these strategies:

As western artists, we developed from a world where we learned to objectify

our bodies, to separate our minds from our bodies and viscera, where we

learned to distinguish matter from mind and where the construction and

placement of objects was the focus and culmination of our intentions and de-

sires. Developments in cultural and social theory and in technology have sug-

gested that we and other artists shift their attention away from a graspable,

predominantly corporeal world to one which is increasingly slippery, elusive

and immaterial. Mind and matter, combining in the cognitive body, are inter-

dependent. The world we inhabit is in flux, comprised of increasingly com-

plex connections and interactions. In this world there are no fixed objects, no

unchanging contexts. There are only coexistent, nested multiplicities. (p. 8).

In the “unbroken field of transformations” that for them constitute
the emergent dynamic we call reality, Virtual Reality art can play a
vital role in shaking the belief that our bodies and the world exist in-
dependent of relation. They intend their art to enact engagements
that make vividly real the fact that everything in our world, includ-
ing (or rather especially) the human mindbody, emerges from our re-
lation with the ongoing flux.

These ideas and strategies come together in the installation ex-
hibited at the TechnOboro Gallery in Montreal in September 2001
and demonstrated in prototype at the Digital Arts Conference at
Brown University in April 2001, which is where I saw it. The center-
piece of the installation is the ALIBI, the “anatomically lifelike inter-
active biological interface”: an anatomically correct life-size model
of the human body stuffed with a wide variety of sensors, including
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theramin proximity sensors, touch sensors, aroma sniffers, pressure
sensors, sound sensors, and carbon dioxide sensors. Participants
wear goggles that can be arranged to show only the simulated world
or (by removing the blinders from the lens area) to convert the scene
to a “mixed reality” in which both the simulation and the real room
are visible. They are thus able to see simultaneously the Virtual Re-
ality projection and the artifactual body, which lies on a light table
in the center of a room. Made from a cast of a male model, the body
is painted with thermochromic paint that appears as a lovely dark
blue when cool but turns white when warmed by someone’s touch,
fading again to blue as the area cools to the ambient temperature.
Participants can interact with the body by touching it on the thigh,
abdomen, legs, etc., by whispering in its ear, or even by breathing
into its mouth. These interactions, when sensed by the system, acti-
vate and change the simulated worlds being imaged in the goggles.
The blue body thus acts as a navigational interface, opening portals
to a variety of simulated worlds as different body areas are touched,
massaged, and otherwise manipulated. One user wears a helmet ca-
pable of sensing her electroencephalic activity, including alpha,
beta, theta, and delta brain waves. These data are fed into the simu-
lation, along with other biological data collected from the user such
as blood pressure, pulse rate, and galvanic skin response. The data
trigger the performance of simulated images, with sunbursts, poly-
gons, and flashes of light appearing in response to the user’s reac-
tions. Moreover, the amplitude and frequency of the participant’s
brain waves are converted to MIDI files and used to create a sound-
scape for the simulation, which serves as an acoustic transform of
her ongoing physiological responses.

Two other components add to the complexity of this work. First,
on the back wall are projected images of revolutionary historical
events, including authentic footage of statues being pulled down
during the Russian Revolution and speeches by Mao. This corre-
sponds to the “Stone Tapes” motif, establishing a visual connection
between past and present, and “haunting” participants with events
that have changed the course of history and that continue to be re-
membered as dramatic instantiations of the revolutionary impulses.
Second, there is a “viewing room,” in which other visitors can see
the artifactual body being manipulated by users who engage in ac-
tions and behaviors that remain inexplicable to those who cannot
see the virtual worlds. The effect, once again, is to call into question
consensual reality by fragmenting the space so that different ver-
sions of “reality,” virtual and actual, compete and conflict in their
representational stimuli.
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The most striking part of the installation, from my point of view,
are the feedback loops between the user’s responses, her interactions
with the artifactual body, and the production of the simulated
world. Imagine the scene: You are in some initial brain state that
generates images and sounds in the simulated world you see. While
watching these displays, you begin to touch the body in its sensitive
areas, opening portals to other simulated worlds, which trigger new
responses in you, which feed back into the simulation to change it,
which makes you want to touch the body in new ways, which fur-
ther changes the simulated images and sounds, which in turn gen-
erate yet more responses from you. The loop is endless, and end-
lessly fascinating, forming, as the authors say, a “single intelligent
symbiotic system.”35 Commenting on a different artwork, Dunning
and Woodrow explain the relation of the body to the VR world in
ways that apply with special force to this installation: 

These worlds are not external to the body, but, are properly thought of as be-

ing inside the body. This accounts for the apparent invisibility of the body in

a virtual space. The body disappears because it is turned in on itself. The ego-

boundary is no longer the point at which the body begins and ends in relation

to an external environment, but is, rather, . . . the very limit of the world. (p. 5) 

Using a different metaphor in “The Stone Tape, the Dérive, the Mad-
house,” they comment: “It is as if we are inside ourselves, like a
three-dimensional eye which constructs itself as it moves through
internal haptic space.”36 Relationality here is not beside the point; it
is the point of a mindbody that realizes itself through its playful and
intense interactions with evolving virtual worlds, which in the view
of these artists include our perceptions of both real simulated
worlds. In this sense all human experience is a “mixed reality,”
emerging from another kind of brightness confound in which tech-
nology, the world, and human embodiment all play a role.

Relation as Enculturation

A notable characteristic of “nØtime” is its collaborative nature, as
is the case with “Traces” and “Einstein’s Brain” as well. The human
collaborators, listed by name and sometimes by affiliation, indicate
the range of expertise necessary to construct the installations, in-
cluding such skilled contributors as computer scientist and cultural
critic Phoebe Sengers for the “Traces” project, software designer and
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CSCW engineer Hideaki Kuzuoka for the “Einstein’s Brain” project,
and software designer Gerald Jong for the nØtime project. For con-
venience I have referred to works using the names of the artists who
had the initial idea as creator, but these artists more than anyone
else realize how deeply their collaborators have shaped the projects
and how essential their contributions have been. Less prominently
featured and usually identified by model name and technical capac-
ity are the silicon collaborators, the intelligent machines and soft-
ware packages without which these works would have been impossi-
ble to create. It is not merely whimsical to refer to the machines as
collaborators, for their capabilities and limitations are as important
to the project’s shape as are the capabilities and limitations of the
human designers. These silicon collaborators include computers,
software programs, sensing systems, music synthesizers, tracking sys-
tems, motion detectors, and a host of other processors, interfaces,
and actuators. The complexity of the collaborations between many
different humans and intelligent machines indicates that in a deep
sense all of these projects are distributed cognitive systems. More-
over, cognition takes place not just in the minds of the artists and
the logic gates of the machines, but also in the participants who in-
teract with the artworks. As “Einstein’s Brain” in particular makes
clear, the user’s interactions in the installations are not merely pas-
sive viewing of preexisting works but active components in the
work’s construction. Among these three artworks, nØtime insists
most visibly and interactively on the distributed cognitive collabo-
rations that construct it, and especially on the role played by the
global community of intelligent machines we call the Internet. It
also locates the arena of relationality with which it is concerned in
the broadest geographic terms. Whereas “Traces” focused on the im-
mediate proximity of the body, and “Einstein’s Brain” on the room-
sized spaces where the artifacts were placed and the simulations pro-
jected, the reach of “nØtime’s” enactments is global, although it
simultaneously insists as well on the importance of local interac-
tions and proximity.

Victoria Vesna originally conceived of nØtime as a response to the
common postmodern condition of having no time, living amid the
multiple conflicting commitments and stresses that people negotiat-
ing complex urban environments find to be an inevitability of con-
temporary life. Her playfully paradoxical idea was to create avatars
that could take over portions of our lives and live them for us while
we were busy doing other things. As the project evolved, the idea of
collaborative interactions that together create a “person” or “life”
took a somewhat different turn, focusing on a nested series of rela-
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tions between the local and the remote, the individual and the col-
lective, the proximate and the distributed, the immediate and the
long-term. As with “Traces” and “Einstein’s Brain,” the effect is to
create a space of intense interaction and feedback in which the sub-
ject experiences herself as emerging from relational dynamics rather
than existing as a pregiven and static self.

The artwork consists of a distributed cognitive system that in-
cludes a physical installation located in a gallery space and a remote
component played out over the Internet. The physical installation
consists of a gridwork of five supporting legs and four trusses that,
draped with cream-colored spandex fabric, forms a beautifully
translucent three-dimensional spiral thirteen feet high, which the
visitor enters with the dawning delight of a snail discovering a shell
of palatial dimensions. When the visitor positions herself at the cen-
ter of the installation, the translucent sheeting functions as a border-
land between inside and outside, for it creates a sense of enclosure at
the same time that it allows shapes and sounds to be discernible
through the fabric.37 On the wall is a projection flashing the names of
participants who have previously created “bodies” in nØtime; when
the visitor sees a name she recognizes or likes, she steps forward and
the “body” corresponding to that name is displayed on another wall.

Like Penny, Dunning, and Woodrow, Vesna is critical of the ten-
dency in military and corporate VR to move toward greater realism.
Rather than participate in this tendency by creating an anthropo-
morphic avatar, Vesna prefers to break with realistic representation
and visualize the information/energetic “body” as a tetrahedron
consisting initially of the six lines and four apices required to outline
the tetrahedral shape. The tetrahedron, as messages flashing on the
walls explain, is privileged because of all polygons it has the greatest
resistance to an applied load. When the load exceeds the critical tol-
erance, a tretrahedron will not dimple or bend like other polyhedral
structures; rather, it turns inside out, thus making it “unique in be-
ing its own dual.” These characteristics were why Buckminster Fuller
chose the tetrahedron as the basic unit of construction for geodesic
domes. They also relate to the tetrahedral shape of carbon stereo-
chemistry, which makes the tetrahedron the essential shape for all
carbon-based life on earth. The six edges of the tetrahedron Vesna
calls “intervals,” and she associates them with the components 
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essential to human life as identified by the Indian chakra system—
adding color coding so that the family interval appears red, the fi-
nances interval orange, the creativity interval yellow, the love inter-
val green, the communication interval blue, and the spirituality
interval purple.

The apices are also named, but here the naming scheme focuses
on the cultural constructions that Richard Dawkins called “memes”:
ideas, bits of song, and other concepts that propagate rapidly
through the culture, acting as ideational viruses that use humans as
their conceptual replication system, much as Dawkins envisioned
the “selfish gene” as doing through the physical body.38 When a user
creates a body as tetrahedron, she chooses the length of the inter-
vals, which reflects the relative importance she gives to the six com-
ponents and determines the shape of that particular tetrahedron. In
addition, this initial choice affects the overall shape as other tetra-
hedrons are added onto the virtual “body.” To complete the body,
the user names the four apices with words or short phrases repre-
senting the memes she wants to circulate through the virtual space
of her “body.” Once the body is complete, it is correlated with a
three-dimensional soundscape that the on-site visitor can navigate
by changing position within the installation. Gerald Jong’s custom
software, entitled “fluidiom,” coordinates the visitor’s position as
registered by motion sensors with this soundscape, creating an
acoustic experience unique to the interactions between a specific vir-
tual body and a user’s unique movements within the space.

Once the basic body is constructed, it can grow only through col-
laborators who are willing to spend time in the physical space. The
longer an on-site visitor stays gazing at someone’s tetrahedron, the
more intervals are added to the figure. The body’s owner can then
add more memes, allow friends to add them, or distribute cards that
enable visitors to add them at an on-site Internet connection. In
keeping with the installation’s theme, however, growth cannot con-
tinue indefinitely. Enacting the finitude that makes time, space, and
life span limited commodities for all humans, a body deconstructs
when it reaches a size of 150 intervals. The event is announced in ad-
vance at the website, and people are invited to witness the virtual col-
lapse. At that point the overgrown body is archived in a file accessible
only to the owner, who has the option to start the growth process
again with the same basic tetrahedron, or to craft another one.

Through its distributed architecture, collaborative procedures,
and sculpturally striking on-site installation, “nØtime” enacts the
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human body as an emergent phenomenon coming into existence
through multiple agencies, including the owner’s desires, the cul-
tural formations within which identities can be enacted and per-
formed, and the social interactions that circulate through the global
networks of the World Wide Web. The phenomenon of “no time” is
thus transformed from an indicator of a declining quality of life into
a site for creative play and collaborative interaction. But only, of
course, if we make the time to visit the installation, participate in the
website, and extend the bodies of our fellow humans by physically
committing ourselves to relational interactions that last longer than
the thirty seconds usually accorded a gallery installation. Relational-
ity requires care, attention, and dynamic interaction, all of which
take the time that “nØtime” paradoxically insists we have after all.

Relation as the Posthuman

In How We Became Posthuman, I argued that a range of develop-
ments in such fields as cognitive science, artificial life, evolutionary
psychology, and robotics were bringing about a shift in what it
means to be human. The new formation differs so significantly from
the liberal humanist subject it could appropriately be called posthu-
man. Among the qualities of the liberal humanist subject displaced
by technoscientific articulations of the posthuman are autonomy,
free will, rationality, individual agency, and the identification of
consciousness as the seat of identity. The posthuman, whether un-
derstood as a biological organism or a cyborg seamlessly joined with
intelligent machines, is seen as a construction that participates in
distributed cognition dispersed throughout the body and the envi-
ronment. Agency still exists, but for the posthuman it becomes a dis-
tributed function. Consciousness for the posthuman ceases to be
seen as the seat of identity and becomes instead an epiphenomenon,
a late evolutionary add-on whose principal function is to narrate
just-so stories that often have little to do with what is actually hap-
pening. In the crises precipitated by the deconstruction of the liberal
humanist subject, one kind of response is represented by attempts to
reinstate the lost qualities through the mastery of increasingly pow-
erful computational and informational technologies. If conscious-
ness is reduced to an epiphenomenon, perhaps its sovereign role can
be reinstated by losing the body and resituating the mind within a
computer. If agency is distributed, perhaps it can be regained by cre-
ating more-powerful prostheses, more-extensive implants, more
smart weapons. These responses share a reluctance to accept human
finitude; they remain intent on imposing the will of the individual
onto the world seen as an object to dominate. In these construc-
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tions, the subject remains inviolate even while losing the body, and
the boundaries of the subject continue to be clearly delineated from
an objective world. In an important sense, these responses carry on
the worst aspects of the liberal humanist subject even as they turn
toward the posthuman.

Another kind of response is enacted by the Virtual Reality art-
works discussed above. Here the posthuman is embraced as the oc-
casion to rethink the mind/body split and the premise that mind
and body, like the rest of the world, preexist our experiences of
them. As we have seen, the relational stance enacted by these works
puts the emphasis instead on dynamic interactive processes from
which both mindbody and world emerge together. The significance
of these works in this posthuman moment is profound, for they op-
erate with a performative intensity that makes us realize the impor-
tance of emergent relationality in mind and body, transforming
these two “elements” into the mindbody that in turn is embedded
in our relations with the techno-world. Speaking to more than con-
scious mind, these artworks provide our mindbodies with rich expe-
riential fields that invest the relational stance with meanings that
work on multiple levels, including the neocortex but reaching below
and beyond it as well. They vividly demonstrate the promise of the
posthuman, which despite all its problems and dangers may open us
to the realization that without relation, existence (if it is conceivable
at all) would be a mean and miserable thing. We do not exist in or-
der to relate; rather, we relate in order that we may exist as fully re-
alized human beings.
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