
9
~~

Body Thinking

IN1925 PRIMATE EXPERT Wolfgang Kohler published the results of
more than a dozen years of research on the intelligence of chimpanzees.
Perhaps the most famous of his experiments involved placing chimpan-

zees in a room empty except for sticks of different lengths, some crates, and a
banana hanging from the ceiling out of reach. The chimps figured out how
to obtain the banana by knocking it down with sticks or by stacking enough
crates to reach it directly. There is a story, possibly apocryphal, that one
chimpanzee was smarter than Kohler anticipated, solving the banana prob-
lem while he was still in the room, within seconds of his hanging up the fruit.
Most impressively, the chimp did it without the aid of any of the available
tools. But how? To figure this out, you have to move. Actually, you have to
move like an ape. Or, if you can't quite imagine moving like an aPf, try re-
membering how you moved as a child. Remember the feel of hopscotch,
leapfrog, cartwheels, piggyback rides, playing ball, turning somersaults,
climbing trees, twirling till you fall down dizzy, hopping on pogo sticks,
swinging and leaping out of swing sets, and spinning Hula Hoops - physi-
cal games that people, as children at least, share with their evolutionary
cousins. How you move - indeed, if you move - will determine whether
you can think like a chimp.

Aha! you say. The solution lies in those hints about piggyback rides and
climbing trees. In a sudden reversal of expected behavior, the chimp jumped
on Kohler's back as he passed under the banana, climbed up on his shoul-
ders, grabbed the banana, and leaped triumphantly down. We humans tend
to overintellectualize, forgetting that our bodies "know" how to do things
that we understand only after we have done them.
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Fig. 9-1. Chimpanzee using boxes
to reach a banana.

Thinking with the body depends on our sense of muscle movement, pos-
ture, balance, and touch. This general sense, discovered in the 1890S by the
neurobiologist C. S. Sherrington and called proprioception, is fundamental
to our experience of the body. As we walk or run or jump we are constantly
aware of how our body feels; and we know where we are in space. Most of the
time we have this awareness without realizing it. According to neurologist
Oliver Sacks, "that continuous but unconscious sensory flow from the mov-
able parts of our body" has been called our "sixth" or "secret" sense. We con-
tinually monitor our muscles, Sacks notes, and adjust their "position and
tone and motion ... but in a way which is hidden from us because it is auto-
matic and unconscious."

That is, it is usually hidden from us. We are very aware of our proprio-
ceptive senses when we are learning a new skill, such as riding a bike, hitting
a baseball, using a hammer or screwdriver, playing a new instrument, knit-
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Fig. 9-2. "Vivian just read how
different waysof moving can
produce different ways of
thinking." Cartoon by Jerry
van Arnerongen.

ting a sweater, or blowing glass. Each of these skills requires long periods of
conscious learning and practice. As you master the movements involved in
bike riding or piano playing, you do them increasingly without awareness.
When you no longer have to think about how to hit the ball, you can actually
start to enjoy playing tennis. When you no longer have to remember where
and how to move your fingers to playa piece, you can begin to-make real
music. Pianists speak of muscle memory for the notes and dynamics of a so-
nata; they store these memories in their fingers, just as actors stole memory
of pose and gesture in all the muscles of their body. When actors improvise a
character's behavior, the remembered gestures come easily and naturally, as
they do for the musician. If the musician is also a composer, he or she may
imagine musical phrases as the movements involved in playing an instru-
ment or singing - Mozart, for instance, often composed in public with
movements of his hands and mouth. This is body imagination at work, when
the feel of muscle movement or physical tension or touch is enacted in order
to think and create.

It is possible to conjure up feelings of body tension or touch or movement
in the mind, but most of us overlook these imaginative feelings because we
are trained so early to see them or translate them into descriptive words.
Sometimes it takes a person like Helen Keller, unencumbered by competing
visual or auditory information, to understand just how clearly the body
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speaks. On several occasions in the 1930S, Keller visited Martha Graham's
dance studio. Keller was used to "hearing" music by placing her hand on a
piano or some other instrument and feeling its vibrations. Similarly, she
"saw" Graham's troupe dance by feeling the vibrations of the floor through
her feet and the stirring of air on her face and hands. Still, Keller knew some
aspect was eluding her. Certainly she had no visual sense of ballet or of the
revolution Graham was creating in modern dance, but she had no physical
sense of it either. How could she? She had never run, jumped, or twirled
about as most sighted people do; such activities were considered too danger-
ous for a blind girl. This lack of internal body images became clear one day
when she said, "Martha, what is jumping? I don't understand." Graham re-
sponded at once by calling one of her dancers, Merce Cunningham, to the
barre and placing Keller's hands on his waist. As Graham tells the story,
"Merce jumped in the air in first position while Helen's hands stayed on his
body. Everyone in the studio was focused on this event, this movement. Her
hands rose and fell as Merce did. Her expression changed from curiosity
to one of joy. You could see the enthusiasm rise in her face as she threw
her arms up in the air and exclaimed, 'How like thought. How like the mind
it is:"

With these words Keller movingly validated what Graham and many
dancers had long known, that jumping is a kind of thinking. As Jean Cocteau
said of the great dancer Vaslav Nijinsky, "His body knew; his limbs had intel-
ligence." According to Cocteau, Nijinsky seldom articulated his dance inno-
vations in words; he simply placed his foot where it had never been placed
before or jumped higher and farther than anyone ever had. For her part,
Graham once wrote that the logic of dance - "such as it is - occurs on the
level of motor activity:' This was not to deny that dance may be born of ex-
plicitly articulated intellectual concerns. Graham larded her notebooks with
verbal analyses of the texts and symbols that stimulated her work. It did
mean that the stuff of dance - the body's use of space, force, and time -
had to make sense on a purely physical level.

Because of their long training in the way one movement leads to another
in human locomotion, Graham and her dancers fully understood how mov-
ing can be thinking. After all, choreographers necessarily compose through
their own and their dancers' bodies. "You have to make it up in your body:'
choreographer Eliot Feld has said. "You do not make it up in your mind:' But
for Keller, body thinking also had a wholly mental dimension. The gather-
ing of physical energy and its sudden release in the dance jump reminded her
of the manner in which ideas burst into consciousness. She herself experi-
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enced this kind of mental jump many times, most famously when the string
of letters w ate r, spelled into her hand by her teacher, mysteriously and
suddenly revealed itself as the name for the cold liquid spilling from the
pump. Moreover, she realized that many of the ideas that burst upon her
consciousness were not actual sensations but memories or imagined percep-
tions of body movement and feeling. During her years of silence and dark-
ness, before her first "vision" oflanguage at the age of seven, Kellerknew her-
self and her world primarily through sensations of the body, including
touch. "When I wanted anything I liked, ice cream, for instance," she later
wrote, " ... I had a delicious taste on my tongue (which, by the way, I never
have now), and in my hand I felt the turning of the freezer. I made the sign
[presumably a rotating motion as if she were turning the freezer handle],
and my mother knew I wanted ice cream. I 'thought' and desired in my
fingers."

In later years Keller referred to such vivid body sensations recalled from
early childhood as thoughts - "if,"she modestly asserted, "a wordless sensa-
tion may be called a thought." We certainly think that, individually or to-
gether, sensations of muscle movement, body feeling, and touch act as a
powerful tool for imaginative thinking. Indeed, many researchers have al-
ready made a case for kinesthetic thinking, that is, thinking in terms of the
body's motor images or remembered movements. In 1959 Eliot Dole Hutch-
inson argued that creativity in any endeavor requiring great physical skill
or dexterity would likely involve imagined body sensations. "By no means
all insights express themselves in verbal form," he wrote. "To the pianist
and sculptor, the instrumentalist, dancer, surgeon and manual artisan, they
[ideas] burst upon awareness in a kinesthetic form, feeling theip way into
varying types of muscular expression. Fingers 'itch' to play; music 'flows
from the hands'; ideas 'flow' from the pen. Movement expresses the 'idea' of
the dancer or orchestra conductor; the almost sensuous desire to model plas-
tic form becomes compulsive in sculpture."

More recently psychologist Howard Gardner, in his book Frames of Mind
(1983), has made the case for a similar concept of kinesthetic thinking. Gard-
ner argues cogently that the body harbors an "intelligence" all its own, and
he reiterates the analogy between skilled body use and thinking that other
psychologists, such as Frederic Bartlett, have drawn. Psychologist Vera John-
Steiner also views the body "as an instrument of thought" and explores it as
such in Notebooks of the Mind (1985). Even researchers who seek hard and
fast answers about the biological bases of motor memory, such as the neuro-
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scientist Marc Iennerod, hope to tease out the relationship among percep-
tion, imagery, and cognition.

We believe, however, that psychologists and neuropsychologists limit
their studies and therefore their understanding of body thinking with two
erroneous assumptions. First, they assume that body thinking has only to do
with movement, whether it is the movement itself or the imagined sensation
or image of movement. But as physiologist Walter Cannon pointed out fifty
years ago, proprioception also includes how we feel viscerally and emotion-
ally. Our posture and movements reflect our moods, and our moods are re-
lated, in turn, to how we feel in what Cannon called our "internal milieu,"
our gut and mind. People can "think" in nonmuscular physical sensations,
too. The second error, which follows from the first, is thus to assume that
body thinking can only be expressed as movement and is therefore best stud-
ied in dancers, athletes, and other performers. Movement sensations cer-
tainly make up a large part of body thinking, but not to the exclusion of
other proprioceptive and tactile sensations. Musicians are proprioceptive
thinkers, but so are mathematicians - and not just because they move, but
because they feel with their skin and in their gut.

Body thinking in all its manifestations is often a fundamental part of cre-
ative expressions we don't normally associate with movement or touch or

Fig. 9-3. Jackson Pollock painting,
circa 1950, photographed by Hans
Namuth.
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inner tensions. Take, for instance, the making of paintings, drawings, and
etchings. The motor aspect of creation is particularly obvious in Jackson
Pollock's work. Art museums often hang his "drip" paintings on the wall as if
they were simply canvases to be experienced visually. But Pollock's work can-
not be fully experienced just by looking - it is necessary to feel as well. To
make his paintings, he took the canvas down from the artist's easel and
placed it flat on the floor, changing the usual physical relationship between
the artist and his material. He then literally danced around the canvas, fling-
ing paint as he went (see Fig. 9-3). Each canvas is, therefore, a record of his
movements, an action painting. If you do not feel the physical sensations in-
volved in Pollock's artistic process, then you do not understand his art.

Pollock is hardly alone among visual artists in privileging the thinking
body. Neuroscientist and painter Jacques Mandelbrojt says that "an artist
creates signs by an interior muscular identification with the object he wants
to represent." Mandelbrojt lived in Aix-en-Provence, France, for several years
"and when I painted outdoors I identified myself ... either with the simple
and pure shapes of trees or with the entangled shapes of bushes. My memory

Fig. 9-4. Bushes, ink on paper, by Jacques Mandelbrojt, 1993.
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Fig. 9-5. Thistle by Gunta Stolzl-Stadler, drawn while she was ltten's student.

and muscles still retain these internal muscular identifications and my recent
generally abstract paintings or drawings often express this identification.
This drawing is a remote memory of my identification with bushes."

Abstract painters are not the only artists who think in this bodily way.
Johannes Itten, a master teacher at the German Bauhaus, felt what he drew as
both movement and touch and taught his students to incorporate these feel-
ings into their art. "I have a thistle before me;' he wrote in 1921. "My motorial
nerves experience a lacerated, spasmodic movement. My senses, touch and
sight, record the sharp pointedness of its form movement and my spirit sees
its essence. I experience a thistle."

Proprioceptive thinking is even more evident in sculpture. As Isamu
Noguchi said, "The man who really sees sculpture must move physically
to realize its form." Centuries ago the Renaissance sculptor and architect
Lorenzo Ghiberti remarked that the feel of that form "could not be discov-
ered by sight, but only by the touch of the hand passed over it" (see Fig. 9-6).
What a disservice to the public, then, that art museums so often place "Do
Not Touch" signs on sculptures or make it difficult to walk around them. Be-
cause sculpture is a wholly physical expression of a physical experience,
viewing it without proprioceptive interaction is like watching an orchestra
play silent music. Indeed, for many sculptors a love of the medium stems
from the body's interaction with manipulated materials. Claes Oldenburg
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was drawn to sculpture by the physical feel of its creation: "I started as a
painter but after a while I didn't like the flatness. I want to touch the object."
Charles Simonds decided to become a sculptor after working with some
Plasticine given him as a boy: "One night I took some of it and made a sculp-
ture of a lying-down wrestler, with all of the musculature. I remember the
sensation of working with the clay was overwhelming. The feeling of the clay,
the sense of connectedness, that my hands could do this was stunning."

Some sculptors try to turn this heightened physical awareness into sculp-
ture itself. Perhaps the most famous was Auguste Rodin, who recognized
that sculpture had to be made from the inside out. He made numerous
drawings of his subjects before modeling them in clay, in order, he said, "to
test to what extent my hands already feel what my eyes see." Understanding
plastic form was, for Rodin, almost entirely a function of the feeling body.
"Don't you see," he remarked in his Personal Reminiscences, "that, for my
work of modeling, I have not only to possess a complete knowledge of the hu-
man form, but also a deep feeling for every aspect of it? I have, as it were, to
incorporate the lines of the human body, and they must become part of my-
self .... Only then can I be certain that I understand." When Rodin created

I

Fig. 9-6. Henry Moore
with Sir Kenneth
Clark, feeling a statue
in the British
Museum, circa 1950.
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Fig. 9-7. Le Penseur by Auguste
Rodin (photograph by Victor
Pannelier).

The Thinker, perhaps one of the best-known public sculptures in the world,
he gave physical form to his own proprioceptive imagination. A nude man,
whom Rodin meant to represent all poets, all artists, all inventors, sits upon a
rock in tense and intense contemplation. "What makes my Thinker think,"
Rodin wrote, "is that he thinks not only with his brain, with his knitted brow,
his distended nostrils, and compressed lips, but with every muscle of his
arms, back and legs, with his clenched fist and gripping toes."

Henry Moore also worked from a "deep feeling" for the forms he sculpted,
though these were abstract and often nonrepresentational. He wanted to ex-
press the inner vitality, the sense that a "form is pressing from the inside try-
ing to burst ... trying to make itself come to a shape from inside itself." This
desire to project body in sculpture drew Moore to many organic objects, par-
ticularly bones. Bone, he said, is "the inner structure of all living form. It's
the bone that pushes out from inside; as you bend your leg the knee gets
tautness over it, and it's there that the movement and energy come from."
Thinking with his body, Moore often tried to feel the inner strength and
pressure of forms he found interesting. "Try positions oneself," he jotted in a
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notebook, as an "aid to physical understanding." This could as well have been
Henri Matisse speaking to his students about how best to use a human
model: "Close your eyes and hold the vision, and then do the work with your
own sensibility," Matisse told his students. "If it be a model, assume the pose
of the model yourself; where the strain comes is the key of the movement."
This was also the key to dance for Martha Graham, who told her students to
"feel the inner skeleton of the body as part of the whole movement." She
urged them to move "like a piece of sculpture with holes, such as in a Henry
Moore sculpture. That is, we should have the feeling of air going through the
holes in our bones." We suspect that Moore would have been pleased that his
expression of deep proprioceptive feeling had been so well understood.

Music, too, is born of proprioceptive thinking. And just as it is impossible
to appreciate a Jackson Pollock drip painting by simply looking at it, it is im-
possible to understand the performance of music fully without feeling the
physical activity it entails. Seiji Ozawa, director of the Boston Symphony Or-
chestra, has been described as conducting "with his whole body; he dances
the shape of the music." And Leonard Bernstein, as conductor of the New
York Philharmonic, had an intensely kinetic style that melded passion and
movement into sound. Performers also make music with bodily imagina-
tion. According to Yehudi Menuhin, the violinist must learn how to stand as
well as how to hold the violin, how to wield the bow, how to move the fingers
on the fingerboard - a physical progression that takes years to master.
Composer and pianist George Antheil emphasized that the pianist's skills are
also primarily muscular: "You practice slow trills until it almost kills you,
until your two forearms are like sore throbbing hams, twice, three times their
normal size, or so they seem." Antheil compared playing a concert to going
fifteen rounds with a boxer. One sweats as much and works as hard. As the
well-known concert pianist Ruth Laredo put it, "It isn't just your hands that
are busy and working hard. Playing the piano is a total physical involvement,
it involves your entire body ... and you have to use your body in a special
way for each different kind of music."

The musician's physical feel for a piece of music is ultimately enacted as a
complex sequence of highly skilled movements. And, like athletes and danc-
ers, musicians learn to maximize their performance by mentally rehearsing
the body's experience of the music. One of the most eccentric students of
such "mental practice" was undoubtedly Glenn Gould, who claimed to work
at the keyboard a mere hour a day, even in preparation for recording. Instead
of playing his instrument, he intensively "studied the score," developing "a
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very clear conception of how I wanted to approach the [music]." When que-
ried by a skeptical interviewer that such minimal practice must result in loss
of coordination, Gould replied, "On the contrary, when I do go back [to the
piano] I probably play better than at any other time, purely in a physical
sense, because the image, the mental image, which governs what one does is
normally at that point at its strongest and most precise .... What it all comes
down to is that one does not play the piano with one's fingers, one plays the
piano with one's mind." Of course, such mental practicing depends upon
having already created through prior physical practice a ready store of body
movement and body feeling images. Only thus can one imagine well the
body sensations of performance.

Surprisingly, muscular feeling, physical sensations, manipulative skill, and
their mental imaging play an important role in scientific thinking, too,
which may be related to the fact that many eminent scientists are also excel-
lent artists or musicians. Scientists "play" laboratory instruments and de-
velop a kinesthetic feel for their experimental work. As embryologist C. H.
Waddington wrote, "Outstanding execution in scientific experimentation
and painting have in common a dependence on ability - probably ulti-
mately muscular - to handle the physical stuff of the world." Indeed, Cyril
Stanley Smith purposefully studied graphic arts to develop his sense of the
structure of metals. And he meant the word "sense" literally, for "in the long
gone days when I was developing alloys," he wrote to a friend in 1972, "I cer-
tainly came to have a very strong feeling of natural understanding, a feeling
of how I would behave if! were a certain alloy, a sense of hardness and soft-
ness and conductivity and fusibility and deformability and brittleness - all
in a curiously internal and quite literally sensual way." This sounds very much
like the proprioceptive and kinesthetic imaging of Einstein and Feynman dis-
cussed in Chapter 1. For Smith, these feelings were not beside the point; his
scientific work actually depended upon "aesthetic feeling for a balanced struc-
ture and a muscular feeling of the interfaces pulling against one another."

Physicist and inventor Mitchell Wilson similarly explored the tactile
knowledge gained from handling materials and objects in his novel Live with
Lightning. The character Erik recreates Wilson's own experience learning to
use the lathe, drill press, and other machinery and discovers, in the novelist's
words, the "working nature of the various metals as though they were the
personalities of old friends. Copper was so soft and chewy that one had to be
tender with it. Brass was good and brittle and could be worked with relaxing
ease. Steels were unpredictable: some tough, and others soft with knots of
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hardness spread throughout like seasoning." Wilson makes clear that such
tactile knowledge of materials was as critical to the design and assembly of
equipment as the equipment itself was to the design of an experiment.

By the same token, a muscular and tactile feel for materials is essential to
the building of machines, buildings, and other structures. According to Eu-
gene S. Ferguson, author of Engineering and the Mind's Eye, the building of
machines and structures designed by engineers depends more than is com-
monly realized upon the manual knowledge of mechanics. "In erecting a
machine, such as a large steam turbine-driven electrical generator;' he writes,
"not only visual but also tactile and muscular knowledge are incorporated
into the machine by the mechanics and others who use tools and skills and
judgment to give life to the visions of engineers." The work of machinists,
carpenters, and other skilled labor, Ferguson concludes, "involves the laying
on of knowing hands." Such hands know how tight is tight, when one more
turn will strip a screw or crack a nut. They know how far they can bend dif-
ferent woods and metals before they crack. They know when glass is ready to
fuse or blow and when it will not cooperate. Such knowledge cannot be writ-
ten down or specified in blueprints, it can be learned only through direct
physical experience.

Muscular, tactile, and manipulative thinking skills play an important role
in understanding biological, chemical, and physical systems. They also figure
noticeably in mathematics. The mathematician Kalvis [ansons, for instance,
has a "feel" for knots. "Knots," he writes, "are examples of things that are ex-
tremely hard to describe and remember in words, and people who attempt to
do so usually forget them very quickly and are poor at spotting similarities
between complicated knots." Knowing hands, however, can 9elp. Indeed,
when Iansons, who is severely dyslexic, doesn't have a piece of rope in his
hands with which to think about his knots, he does not try to see or describe
them. Rather, he creates an internal bodily feeling for space, much like the
blind man who gauged his position on the street by feeling some wooden
railings: "As I touch them," the man remarked, "a shudder runs ahead, mark-
ing their pliant length, and jerks suddenly to a tension at the concrete post."
These images are not seen but felt. In the same way, Iansons "imagine[s] the
finger movements involved and the feel of the knot being tied without pic-
turing it in my mind or moving my hands at all." He is like Glenn Gould,
practicing the mathematical manipulations in his mind before committing
to the performance of symbol expression.

Stanislaw Ulam goes a step further as a mathematician, actually calculat-
ing "not by numbers and symbols, but by almost tactile feelings combined
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with reasoning, a very curious mental effort." In his work on the atomic
bomb at Los Alamos he apparently imagined the movements of atomic par-
ticles visually and proprioceptively. "I found out that the main ability to have
was a visual, and also an almost tactile, way to imagine the physical situa-
tions, rather than a merely logical picture of the problems Very soon I
discovered that if one gets a feeling for no more than a dozen radiation
and nuclear constants, one can imagine the subatomic world almost tangi-
bly, and manipulate the picture dimensionally and qualitatively, before cal-
culating more precise relationships." When we were in graduate school we
heard about another physicist, whose name we've unfortunately long forgot-
ten, who was said to have Ularn's capacity for "feeling" quantum equations
with his whole body. During seminars, if a speaker presented equations re-
sulting in atomic interactions that were too loose, the man would slump in
his chair. If the equations forced the atoms to pack too tightly, he would
scrunch up as if desperately in need of the men's room. Speakers could
"read" his opinion of their work long before he ever opened his mouth to
comment.

Mathematician Norbert Wiener employed an even more bizarre set of
bodily feelings. After spending months working fruitlessly on a difficult
problem that led him into controversy with his Harvard colleagues, Wiener
became gravely ill with pneumonia. Throughout the course of the feverish
disease his mind conflated bodily discomfort with mental anxiety. "It was
impossible for me to distinguish among my pain and difficulty in breathing,
the flapping of the window curtain, and certain as yet unresolved parts of the
potential problem on which I was working." For Wiener, the physical pain
represented the mathematical tension worrying his mind, and the mathe-
matical tension represented the pain; "I became aware of the possibility
that almost any experience may act as a temporary symbol for a mathemati-
cal situation which has not yet been organized and cleared up." Vladimir
Nabokov experienced similar conflations between mathematical cerebration
and illness: "As a little boy, I showed an abnormal aptitude for mathemat-
ics.... this gift played a horrible part in tussles with quinsy or scarlet fever,
when I felt enormous spheres and huge numbers swell relentlessly in my
aching brain."

While most people would probably find such feelings unwelcome,
Nabokov later drew on the memories for greater insight into how he experi-
enced the world. Wiener also reflected on his experience of illness and real-
ized that much of his mathematical thinking - even when he was not sick
- took the form of physical tension. The "discomfort or even the pain of an
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unresolved mathematical discord" actually motivated his search for a mathe-
matical solution. Indeed, he used bodily feelings as a kind of shorthand for
various mathematical difficulties and came to believe this kind of thinking
absolutely essential to his field. "If there is anyone quality which marks the
competent mathematician more than any other," he wrote, "I think it is the
power to 'operate' with temporary emotional symbols and to organize out of
them a semipermanent, recallable language. If one is not able to do this, one
is likely to find that his ideas evaporate from the sheer difficulty of preserv-
ing them in an as yet unformulated shape."

The experiences of Wiener, Nabokov, Gould, and others discussed in this
chapter lead us to conclude that to think is to feel and, conversely, to feel is to
think. How, after all, do we know when something represents a problem for
us? We become physically uncomfortable. And when we have resolved the
problem, we feel physical well-being - not just a sense of elation, but a lit-
eral spring in our step, a smile on our face, a laugh in our voice. It is not sur-
prising to find Nabokov writing of the "mellow physical satisfaction" of
composing novel chess problems, "a feeling of snugness (which goes back to
one's childhood, to play-planning in bed)." Nor are we surprised when the
mathematician and philosopher Bertrand Russell writes, "In all the creative
work that I have done, what has come first is a problem, a puzzle involving
discomfort." We have all experienced bodily pleasure or pain from purely
mental ideas and vice versa. And, as it turns out, there are strong anatomical
connections between mind, gut, and facial features. Sylvia Bensley, an anato-
mist, once pointed out that "our emotions are expressed largely by.our facial
muscles; everyone of them is [embryologically] a gut muscle derived from
the first or second visceral arch and innervated by a gut nerve. The anatorni-

I
cal association is direct; the psychical association between our emotions and
our viscera is closer perhaps than we realize or would like to admit." When
we feel good or bad, happy or sad, our minds really do communicate with
our gut, and our gut with our mind and muscles. Mind and body are one,
and we must learn how to facilitate and make use of the interconnections.

Perhaps the most surprising aspect of proprioceptive thinking is that it is
not limited to what we feel in our own bodies, but extends to our experience
of other people and even of other things. According to dance critic and his-
torian John Martin, the recognition and imitation of proprioceptive states in
others make possible the arts of dance and mime. "It is the dancer's whole
function," he has written, "to lead us into imitating his actions with our fac-
ulty for inner mimicry in order that we may experience his feelings. Facts he
could tell us, but feelings he cannot convey in any other way than by arous-
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Fig. 9-8. Oskar Schlemmer images inner mimicry in Man the Dancer I: Performer
and Spectator II, circa 1924.

ing them in us through sympathetic action." Oskar Schlemmer made the
same point in his drawing Man the Dancer. Dance communicates only when
the proprioceptive experience of the dancer resonates bodily within the
viewer,

Consider, too, that people around the world know what Charlie Chaplin's
Little Tramp means when he lifts his hat or looks shyly at his feet in the pres-
ence of a beautiful woman, because they recognize in themselves the feelings
that accompany the body language. Indeed, the Encyclopaedia Britannica
defines mime as the first and only truly universal language. No wonder, then,
that Stanislavsky argued that every actor should have the skills of the mime:
"An actor must possess so keen a sense of observation and such a well-devel-
oped memory in his muscles as to be able to reproduce not only pose and
gesture but also harmoniously moving thoughts and body." Our only objec-
tion to Stanislavsky's statement is that he limits it to actors. Surely this is a
skill that would improve everyone's ability to understand and communicate
with others.
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Our proprioceptive sense can extend to missing body parts and to inani-
mate objects as well. Neurologists have long known that amputees and peo-
ple who lose their sight or hearing experience what are called phantom limbs
or phantom senses. People who have lost a leg will continue to experience
pain, itching, and even movement in the absent limb for months and some-
times years afterward. Someone without a hand can still imagine using it to
reach for a cup of coffee. People who have gone deaf or blind will continue to
think that they hear or see things. Apparently the mind creates an internal
image of the body and its senses so that even when some part of these are
physically lost, the mind continues to operate as if all were still there. The
persistence of this proprioceptive image is so critical to the successful use of
any prosthesis that some doctors recognize that an artificial limb will be rela-
tively useless unless and until the phantom is incorporated into it. The am-
putee learns to invest the prosthesis with the "feelings" of his mental image,
just as we invest a dancer or mime with feelings that we imagine. A neurolo-
gist recently told us about teaching a patient to pick up a pencil with his new
artificial hand and to draw with it. When asked how he knew the pencil was
in his "hand," the man immediately replied, without thinking, "1 feel it."
There was a pause and then he added, with a puzzled look on his face, "But 1
can't really do that, can J?"

He can, but not in the way most of us think of "feeling." What he has cre-
ated is not a phantom limb - the feelings of a limb that is not there - but
its inverse, a limb phantom that provides feelings to a prosthesis. People can
project limb phantoms even when their arms and legs are intact, Matthew
Botvinick, a psychiatry resident at the University of Pittsburgh Medical
School, recently ran an experiment in which full-bodied individuals were
seated so that they could not see their own hand but could see/an artificial,
look-alike hand that was in no way attached to themselves. Using a paint-
brush, the investigator stroked the real and the fake hands at the same time.
Subjects reported responding to the prosthesis as if it were their own hand,
and when the fake hand was stroked but not the real hand, they reported feel-
ing "numb." Botvinick describes the effect as tactile ventriloquism. "You
have something going on over here, namely the visual input of the brush
touching a hand, and something going on over there, which is the tactile in-
put from your own hand being touched," he writes. "The brain sometimes
will simply override the discrepancy, and say, '1 see a touch, 1 feel a touch.
Something must be wrong with my calibration of space. I'll just gloss over
that and put them together.'"

Actually, we all create limb phantoms all the time - in order to use
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tools, equipment, and instruments of many kinds. The tennis racket, the
paintbrush, the cello and bow become extensions - indeed, prostheses-
of ourselves that we use to manipulate the world. Even the most unwieldy of
extensions can, in time, be invested with a body phantom. Take the twelve
white wooden poles, some as long as ten feet, that were strapped to the limbs
of dancer Amanda von Kreibig in Oskar Schlemmer's Pole Dance of 1927.

How von Kreibig felt was never recorded, but a reconstruction of the dance
by Debra McCall in the mid-icsos suggests that the dancer must eventually
project a sense of body into the farthest reach of every pole. "As the dancer
began rehearsals with the twelve white poles attached to his limbs and torso,"
she wrote, "he had difficulty breathing and fought the confinement. Grad-
ually he came to feel less encumbered by imagining the poles as naturally ex-
aggerating his movement. Next he sensed his body interacting with and

Fig. 9-9. Dancer Amanda von Kreibig performing Oskar Schlemmer's Pole
Dance, 1927.
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defining the surrounding space. Only then did the dance become three-
dimensional and sculpturally alive." The poles, in other words, became "ex-
tra bones and flesh," in the words of Alwin Nikolais, who has alsoexperi-
mented with props "to extend [the dancer's] physical size in space." With
practice, such props can be maneuvered just as the body itself is maneuvered,
and the feeling of separateness is overcome. The mental image of one's
body changes, incorporating the extensions both kinesthetically and pro-
prioceptively.

Incorporating extensions of the body is crucial for success in many other
arts as well. Yehudi Menuhin has written that "a great violin ... is alive" and
the violinist "is part of his violin." When he plays, he said, "the body becomes
a kind of aural intelligence, an instrument perfectly tuned and playing inde-
pendently of me, a 'pure' voice" that is indistinguishable from the violin it-
self. In The Hand, Frank R. Wilson records an interview with the German
puppeteer Anton Bachleitner, who projects body sensations into his tool, the
puppet. "The most difficult job technically is to be able to feel the foot con-
tact the floor as it happens. The only way to make the puppet look as though
it is actually walking," the puppeteer says, "is by feeling what is happening
through your hands." This requires a kind of shift in perception, so that the
puppeteer sees through the eyes of the puppet. As Bachleitner puts it, the
puppeteer "must learn to be in the puppet."

The same fusion of body and tool takes place in medicine and science.
The Pentagon has recently developed a Telepresence Surgery System (TeSS),
a virtual-reality machine that will enable surgeons to operate on people with
life-threatening injuries from miles away by electronically manipulating a
surgical robot. Surgeons testing TeSS on dummies, cadavers, and anesthe-
tized animals report that they quickly begin to "feel" as if they are'doing the
operation without an intermediary. "The pincers respond instantly to your
hand motions," said one, "and open or close when you manipulate the han-
dles. Most startlingly, you feel what they feel. When a pincer bumps some-
thing or pulls the surgical thread taut, you sense the resistance." Equally
startling reports have come from physicists working with specially adapted
atomic-force microscopes that magnify the pull experienced by a micro-'
scopic needle in the presence of a layer of atoms. Users claim that you can ac-
tually feel the texture of a single layer of atoms and sense the physical attrac-
tion of individual ions.

No matter the purpose or the size, people project bodily senses into every
kind of tool that requires skilled use. We even develop body phantoms for
the instruments we drive. It may come as a surprise to hear construction
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workers speak of communion with their big machines, expressions more
typically associated with musicians and artists, but the physical bonding they
experience is real. "You must empty your mind and think of nothing so that
the backhoe becomes an extension of your arm," said one machine operator
quoted in the Wall Street Journal. "You're part of the machine. It's part of
you," reported another construction worker. Many people embody their cars
in the same way. Think about how you know the size of your car well enough
to park it in a small space or pull it into your garage without hitting any-
thing. You can't actually see the car's outer dimensions, yet you know the size
and shape of your extended "body" - a fact that becomes apparent when
you hop into an unfamiliar car or take one for a spin in a country where peo-
ple drive on the "wrong" side of the road. Without doubt you find yourself
making countless conscious adjustments until your body phantom re-forms
in the image of your new car body.

Like all the other types of thinking discussed in this book, body thinking
combines objective and subjective ways of knowing. Only when the thing we
manipulate is no longer "other" but an extension of "I" does it obey our will
and desires. Only when we feel our way into the space around us, as Picasso
did in his drawing of Marie- Therese knitting (Fig. 5-1) and as Schlemmer did
in his 1924 drawing Figure and Space Delineation (Fig. 9-10), do we truly
sense and interact with it. Unfortunately, as dancer Doris Humphrey once
wrote, "Kinesthesia is a rudimentary response in most people, and there is a
great need for a fuller consciousness of this special sense, for it to be ordered
and made comprehensive." All people need explicit practice in moving their
bodies, manipulating instruments or tools, and gaining awareness of their
kinesthetic and proprioceptive responses. These desiderata provide an un-
usual justification for sports, dance, and theater programs, mandatory shop
classes, and mastery of a musical instrument, especially if part of the training
involves a focus on literally feeling one's way into the activities.

Body-thinking exercises can also be made an explicit part of disciplinary
and transdisciplinary studies. In some schools "creative movement" is pur-
posefully used to explore many academic subjects. To learn about the phys-
ics of sound waves, children may line up in "molecule formations" - the
solids are tightly packed, the gases much less so - and experience for them-
selves how quickly a wave of shoulder taps passes through various materials.
Or they may watch and imitate internally the enactments of others. In
Okemos, Michigan, members of the Happendance Modern Dance Company
model the physical chemistry of molecules. Moving swiftly all over the stage,
bouncing balloons quickly between them, the dancers embody the motions
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Fig. 9-10. Oskar Schlemmer visualizes proprioceptive extension in Figure and Space
Delineation, 1924.

of molecules in a hot gas. Then they "cool," condensing into a denser mass,
moving in slow motion, the balloons drifting lazily between them. To teach
the mathematics of distance, speed, and time, the dancers help children play
a movement game called curfew, which allows them to experience these ab-
stract concepts bodily. They learn, for instance, that if they travel a certain
distance at a certain speed in eight beats of the drum, to cover the same dis-
tance in four beats will require an increase in speed.

Reenactment is also fundamental to understanding a story or a history.
When children play out a choreography of movements representing fund~- .
mental elements of the narrative, they remember it better. Additionally, stu-
dents can be encouraged to pay attention to their bodily feelings when a
class problem doesn't make sense and use this discomfort as the basis for
asking questions. Sensitive teachers can teach them to identify and work with
these feelings by "reading" postures and facial expressions, just as we "read"
a mime. In all these ways, children learn to identify their knowledge of
the world with proprioceptive sensations. They develop a rich lode of sen-
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sation memories, which they can draw on to think "out loud" with their
bodies.

Body thinking in the classroom can, in fact, be as simple as the exercises
suggested by the renowned biologist 1. B. S. Haldane for a scientific utopia he
once envisioned. "In the shaping class," he wrote, "you have to try to imagine
the shape of a ... railway truck or your mother's face, and then make a pic-
ture of it or a model of it. They try to make you imagine yourself running
your hands over a shape as well as seeing it. And in the language class they
ask you to describe what it feels like to throw something, or walk on stilts,
or work on apparatus for gas volumetric analysis. That's called encourag-
ing kinesthetic imagination." Haldane even imagined "kinesthetic explorers"
who, like Hindu yogis, would learn with ever-greater clarity how to sense and
control every aspect of bodily feeling and function, a skill Haldane believed
would be useful for exploring unknown experiences and unsolved problems
in the sciences and the arts.

Any or all of these techniques can enrich one's store of body images im-
measurably. Indeed, with practice we may all expand our imagination with
the sensations of movement, tension, and touch that we experience, imitate,
model, and project. "Everything registers anatomically somewhere in my
brain and through the practice of recalling and reenacting, I am ten times as
alert as I was," one student of the proprioceptive and kinesthetic imagination
has observed. "I hear and I forget. I see and I remember. I do and I under-
stand," says the ancient Chinese proverb. Doing and remembering how it
feels to have done is inseparable from learning to think with the body. So
don't just sit there. Monkey around, and you just might find yourself solving
problems only your body knows how to answer.


