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Introduction: The Koans of Vision and Consciousness

Introduction:
The Koans of Vision and Consciousness

The Quality that can be defined is not the absolute Quality.
The names that can be given it are not Absolute names.
Quality is the origin of heaven and earth.
It is all pervading.
Unceasing, continuous
Itcannotbed f i nedé

- Zen and the Art of Motorcycle Maintenance
on the Tao Te Ching

If you will behold your own self and the outer world, and what is taking place therein,
you will find that you, with regard to your external being, are that external world.
- Jakd Boehmg15751624)

Who is it that sees?
Zen Koan
- Bassui

Prologue

At age thirtythree, on a still, clear day, from a ridge overlooking the misty blue valleys of
the Himalayas, Douglas E. Harding made the discovery of his life: he redi@ete had no

head.

As he describes it:

It was as if | had been born that instant, brand new, mindless, innocent of all
memories. There existed only the Now, that present moment and what was
clearly given in it. And what | found was khaki @iger legs terminating
downwards in a pair of brown shoes, khaki sleeves terminating sideways in a pair
of pink hands, and a khaki shirtfront terminating upwardsabsolutely nothing
whatsoever! Certainly not in a headdn(Having No Headp. 24)

And he continues:

It took me no time at all to notice that this nothing, this hole where a head
should have been, was no ordinary vacancy. On the contrary, it was very much
occupied. It was a vast emptiness vastly filled, a nothing thadfooom for
everythingi room for grass, trees, shadowy distant hills, and far above them
snowpeaks like a row of angular clouds riding the blue sky. | had lost a head and
gained a world.@n Having No Headp. 24)

Bassui, a revered Zen masterotd, had once given a koan for contemplation: Who is it that

see
you
a sy
Zen

n

anoc

h a
con

s ? A koan is simply a question, as,
were born?d6 or AWhat is the sound of one
| able such as #fAMu. 0 Mont hs or years of
wi ||, it is hoped, bring about the Aanswer,

(
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Har ding had experienced t he a n snwenlightehed. Bassui
Simultaneously, he saw the truth of the woddsthe German mystic, Jakob Boehrfie the

opening chapter quotedpr indeed, Douglas Hardingasthe external world. In that moment,

the limited personality viewed as Douglas Harding hadplip e d away . It was, he
dreaming. 6 He had realized his true Sel f, his 1 ¢

There is another world of practitioners, namely that of science and philosophy. In this world,
the profound insight of a Hding, a Bassui or a Jakob Boehme in all likelihood would be
received with a benign indifference. Richard Dawkths,theorist of evolutiorin his work, The
God Delusionsets the tone, seeing no need for a Designer of the universe, therefore no aeed for
God. He is heavily reinforced IphilosopheDaniel DennettBreaking the SpehindDa r wi n 6 s
Dangerous Idep Ray Kurzweil The Age of Spiritual Machinggxpresses the source of the
indifference nearly directly. He sees no difference betwmeselves and the robots we will
(shortly) build based upon our ever growing understanding of the neural architecture of the brain,
complete with any neur al AGod modul eso for reli
AThey [t he r eebtleey ar¢ conggcioud. Tieg Will believe they have spiritual
experiences. They will be convinced these experiences are meaningfulhere are two
lynchpins we can fix upon, then, that underlie this thinking in this particular community of
thought. Oe is the theory of evolution. The other, which for Dawkinarisimplicit support
rather than explicibne I owi | | abel as Athe findings of neu

Evolutionary theory, as Dawkins has labored mightily to promulgate, is seen as strigping th
Designer out of the universe. The great mechasnisimevolutioni mutations andnatural
selectioni provide a means to account for the development of every variety of form, of creature,
of dinosaurpf microbe or giant squid that we see in the univef@gere is no need to postulate a
Designeror any form of consciousnedsr this vast variety of forms and creatures. And as
Dawkins points out, it has been the supposed need of a Designer that has been the very strongest
form of proof that there must l@eGod of this universe. If there is no God, no Universal Creative
Mind, then we can only look upon the experience of a Harding with bemusement. The apparent
content of his experience as the experience of identity with a Universal Mind or Universal
Percetion can only be a curious, hopefully harmless delusion. A class in Evolution 101 might be
a useful corrective for those such as Harding when interpreting their supposedly mystical
experiences. Or we might sugg@génsMmhya Golda sV nibnn  tGlo e
Away Brain Science and the Biology of Belig¢fie authors maket very <c¢cl ear : i Wh at
beyond question is that the mind is essentially a machine designed to solve the riddles of
existence, and as long as our brains aredviret he way they ar e’ Th&god wil l
neurologist, Kevin NelsonThe Spiritual Doorway in the Brajndetails a theory where all
spiritual experiencé near death experiences, @fitthe-body experience, mystical experierice
is simply a functioro f factivity in the primitive brainsteri
system, the most ancient ared of our recently e\

So the companion in arms to evolutionary theory is neuroscience. In the term
i neur os cincidecaecpnglomerate of sciences clustering around the problem of the
functioning of the brain, particularly how the
includes artificial intelligence (Al), cognitive scien@dthe study of memory and perception.
The most concrete form of the problem and nature of consciousness is vision or the process of
visual perception. Simply and concretely, how we see.

The Problem of Vision

Let me be very concrete about the problem that psychology, neuroscience and even computer
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science have attempted to answer. Let us choose a simple event, perhaps a white coffee cup
sitting on the surface of a table top with the brown celifpdd and creanbeing stirred by a

spoon. This is the problem: how do we see this coffee cup as an object clearly external to our
body, in three dimensions, with its white color and brown coffeeaambonstirringin a gentle

motion over time? Equivalentlye can ask, how do we explain the origin of ¢éxéernal image

of the coffee cup?

Why is this a difficult problem? Because the picture scienre
has gained of the neural processes of the brain seemgetty
contradict the essential experiericéhe experience of an image o
the cup, clearly external to us, in space, with a brawd cream
liquid surface being stirred. We can draw a simple picture of =
dilemma. Consider Figutel. On the one side is the cup or for th
matter any external object. The circle represents the brain.
arrows represent rays of light reflected from the cup which trave " .
the eyes and retinas. From this point, the light rays are transfolFigure I.1Perception of a
into neural impulse$ chemical flows along the nervéswhich Coffee Cup
travel to various processing areas in the brain. But in the bi
from the point in time that the light strikes the retinas, science
discerns nothing but these chemical impulses traveling aroue see nothing that remotely
resembles the image of the cup in the brain. Nor do we see any projections loddiglvardso
the cup. We see, as Jeff Hawki@n(Inteligenc¢ descri bes it, only fda dar |

This is the great pagax of neuroscience. The best story our science can describe is a story of
the details of neurons firing, of interconnections of neural groups to other neural groups, chemical
reactions, electrical potentials, etc. There is a vast array of findings andekige on this neural
structure, on the links and relationships of various neural groups or complexes in the brain.
Nowhere in this extensive scientific story is there one clue as to how the imagecoptheing
stirred is produced by the brain.

I n the back olkelyraatler $®emiqueésti on: ABut how a
generate i mages all the ti me. I see them on my
t hi n¥Ye® the computer, via its software and electronics, can chhageplor values of the
thousands of pixels or little dots that make the projected screen image, creating scenes of
oceans, or tigers, or movie sta@r coffee cups. But the computer doessasthese images. It
does not see the coffee cup. Ishmerelyexecuted processor software thathange the color
values of thousands of separate pixeothing more. This does not imply seein@n the flip
side, give the computer a camera and let it take a picture of the imageoffiee cup displayed
on someother blind computeé screen. This recorded imagetaken by the cameranust be
transformed into digital valuésp at t er ns d freprdséngethydhe dtate§ Gxa vy , Afond or
i o f df e electronic componentgthin the computer. The actual colors of the brown coffee,
creamy cream and white coffee cup are gon@nly the representing bits or electronic
components (som@on,0 somefioffd) remain. W thushave the same situation as the chemical
fl ows of utihed fodari kvg hagetohne yf dnaorwk , Jheieéstnodonac hi ne. 0
hereeither how a computer could create aedthe image of the external coffee cup.

But the exponents of neuroscience are unfazed by thiso$ffairs. The problem godsday
under the concept of the probl em adthe wioddual i a. 0
(whether visual or auditoryhave its colorgredness, greensr blue$ or its sounds (clanging,
screechingrustling? In 1995, the philosopher, David Chalmgfamously declared this to be the
all-important question: How, afteyou have described your computer architecture and your
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software programs, or your neural network, or your quantum computer, or whatever architecture,

have you accounted for the quali the perceived world? Thi s was dubbed it
probl em. 0o I't has yet to be BlasbnirehtsThe Speitsighbi t e v ol |
Doorway in the Brainalso happily reducing all spiritual experience, to include Near Death

Experience (NDES), to neural processes in the brapends perhaps three lines on the problem,

dismissing it as something that eventually will be solved. The authdrdhoy God Wondt Go
Away; in their description of the neural architecture by which the brain seppogenerates our

perceptions of the worldlsoeffortlessly glide over the problem of the origin of the image of the

external world; they also assume this is one minor problemniliatjo away. Hence they are

quite certain of the truth of this state n What viie think of as reality is ondy rendition of

reality that is created by the bradi Al | experience, | et al one spir
reduced to a fleeting rush of electrochemical blips and flashes, racing along the neural pathways

oft he B rTeeimystical experience of a Harding, we are assured, may indeed be that of a
healthy mind Acoherently reacting to perceptior
real . o Unfortunately, t he opwenic sees ctaWlingpontofh ai ry s
t he wall s are also fiabsolutely real in neurob
flimsy assurance to those seeking the meaning of mystical experience.

Practitioners of sciencéjen,such as Dawkinggsolutely ignoring this minor koan of vision,
are convinced that the current state of vast knowledge in neuroscience justifies a very significant
conclusion. Since neuroscience identifies the entire process of perception as occurring within the
brain, the conclusion is that it is the brain that must generate consciousness, it is the brain that
generates the conscious visual perception, it is the brain that generates the visual image of the
coffee cup with its colorsts form andthe stirring spoon. Thuyssince the brain is considered the
sole and sufficient source of all these thirthgre is nothing else that science canaagyut the
experience of Douglas Harding but this: it was simply an experience generated, strangely
enough, by some chemical réans and neural impulseget to be defined, by and within
Dougl as Ha r The expgebesce ban laavemo significance beyond this. Combined with
evolutionary theory, with the Design&od removed from the universe, this conclusion is
reinforced.

This vision of the functioimg of the brain has a side effect. It supports the extremely
optimistic view that artificial intelligence (Al) and robotics will combine to create robotic
intelligences equal to and greater than the humans that dneate Kurzweil is one of the very
visible exponents of this, not to mention PBS specials interviewing MIT computer science
professors. This is all based on the implicit view that we only need to replicate the hatidevare,
circuits andthe processing argtecture of the brain in silicon and other artificial components to
create intelligent devices with cognitive capacities beyond our. oWms must be sofor the
(imminent) finalunderstandingnd mapping ofhe brai® s neur al sgematheensrs i ng | s
key.

These two pillars of modern thoughnheuroscience with its companion vision of robotic Al
and evolutionary theory deeply and symmetrically reinforce each other. Evolutionary theory
sees the brain as naturally evolved via the meaé natural selection without aid of a Designer.
In turn the universe itself can be viewed, as physicist Seth Lloyd arguegrémming the
Universg, as a vast (quantum) computing machine, seeded by random chance with a few simple
programs which get &b whol e devel opment going. This Auni
simple computing processes in conjunction with natural selection all the forms, planets, galaxies,
alligators and butterflies of the universe.
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Quiality 7 Lost

The origins of this view go deepOutside the window of my little farm househere | now
write, a coyote is trottingpassingby near the barn. | wonder what kind of journey he made to
end up this far north. | am reminded of the narrative ofremojourney, a journey on a
mot orcycl e, but not at al/l about a jouZemey on a
and the Art of Motorcycle Maintenancét is a bookstill deeply, profoundly relevant hereZen
and the Artwas really a ta of one small fight in the battle for the nature of mind. The main
character was not a coyote, but rather, Phagdwb i ch i s Greek for fAwol f . 0
name Pirsig gave to his own former personality, once a graduate student and teacher in
philosophy, before Phaedrus became a casualty in the war, for Phaedrus suffered a nervous
breakdown and eventually underwent electroshock therdeg.and the Anivas his story.

Phaedrus had discovered a profound philosophy, an ancient philosophy, existing before Plato,
before Socrates. Its fundamental vision vaglity or Excellence The Greek heroes embodied
it. Achilles, Hector, Ulysses were the embodiment of Quéligxcellence. The Tao, Phaedrus
saw, was only another name for Quality. The very universe was Quality; the flow of time was
intrinsically, Quality. Plato had abhorred this philosophy. The Sophists, the philosophers who
espoused it, were transformed t@ejorative term(sophistry) implying deceptive logic Plato
subordinated Quality, whi ch he call ed it he Goo
reason, hence making Quality forever less than logic, less than reason, inferior to the intellectual
mind. This was where the war was begun. Phaedrus, in a moment of stunning realization, saw the
awful , profound c ons e weedscobtlerontic vistdn aftmandese vi ct or y
sownat that moment. This vision is incapable, intrinsically patae, of incorporating Quality.
But the essence of Man is Quality. The essence of the vast material field of the universe of matter
and its ever evolving, transforming flow in time, of which Man, like a vortex in a stream, is an
integral part, is QualityAnd by this, the essence of all our experience, all of our perception, all of
our consciousness, is quality.

But in the reigning philosophical thougluf our times the framework thatcurrently
permeates all science, that permeates the Dawkia)ennetts, the Kurails, the universe has
been stripped of quality. And in the computer model of mind, saturated with this Platonic
framework there seems no way to get it badihe philosophers, as | noted, coming only slightly
to their senses abbthe computer model of man, now routinely term this fundameoutalitative
nature of our experiencef our vision and hearing fiqual i a, 6 and the compute
to deal with this as #fAthe probl e midrerfof Rlatbal i ado or
they ardlost, helpless to contribute a solution. So the monstrosity that Phaedrus saw so intensely
continues to stalk the world in far greater strength today. We see its image everywhene|dn

Schwar zenegger 6s Tes mi Bpti @l b edpidlsdRRADRh nké , O in t
discussed threat of machines far surpassing, in the near future, the intelligence of man. It comes
into the business world cloaked in | BM&ds Capakt

humans should buildomputersoftwareacting, for all practical purposes, as a group tbtic

machines!I t conf uses educationds approach tk teachin
now permeateshe discussion of spirituality what there could be left of it for spiritual

experiences will eventually be generatedrblgotic machineshat simply simulate, supposedly,

what we humans in fact aréind the consequences of this deformed philosophy, championed by

the winning side in a battle long ago, continue ngllalong their disastrous course for the human

race
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Bu t How do we see theoffeecup?

But there is that one nagging problem. Science has not one clue how we see the coffee cup
on the table. Science does not know how Douglas Harding saw thepsake of the Himalayas.
Science cannot explain conscious vision. In truth, sciergeedtdtself its own koan. Rather than
ask, AWho i s it t hat sees?0 it as ks, AfHow do we
But science has not been able to crack its koan. A Zen master would chastise thi$ schawxe
not meditated longnd deeply enough. Science remains unenlightened. This unenlightened state
is the Achilles heel of the practitioners of science and philosophy who feel they have a firm base
for removing God from the universe, or for looking bemusedly at a Douglas Hardin

The fact is, theresa sci enti fi c ans Whereis & eoluterc foretiec e 6 s kK o :
philosopherslt was laid out in a model of perception developed by the French philosopher, Henri
Bergson, in 1896. Subsequent developments in the thewmdy saience of perception, in
neuroscience and in physics have increasingly reinforced its plausibility. The pieces simply have
not been put together within a single frameworKk.
we see?0 But asismelrtsa Beaswsali y,s iktoan, AWho is it
we must answer this fAwhod question simultaneous
The one entails the other. The answer to this koan that | will give here will not be the aigberien
answer of a Harding, but it wi | |, texperiertces t heor e
and perhaps along the way impart the reader a glimpse of this experience.

| must prepare you for this: emwill not, with the exception of ahert discussion in the last
chapterpe exploring vaous Zen experiences, mystical states, experiences in other realms of the

universe. Thiswill be a focus on theverydaymysticism of experienceii Chann e | Nor mal 0o
you will T and the reasons whyi& so. Our everyday perception of the coffee cup is atical
as a Zen enligetme nt . It i s not for not hisNgr vdama. o he

Samsard the world of everyday objects, of coffee cups and spdassthe mystical. This is
simpy not understood, either by nanystics or by scienceWe will be seeing how mysticalur
Channel Normal really is, how far we are from robotic machineswaendill be gettingglimpses
of potentials we actually hold as beings, far beyond the limitedianitthg conceptions of the
machine model of mindve wi | | see why Channel Nor mal i'S not
doing so, we will be laying the basis fan ability that might be possessed that remarkable
instrument that is thérain to percéve other realmsas well. | could have left the spiritual
relationshipout of this book | could havemade it entirelyand narrowlya treatment of a new
model of the brain, of perception and memory. But the Dennetts, the Dawkinsy amahy
others havelraggedhe spiritual nature of marinto the fray using their scientific findingsn the
brain and their neural models of cognition and menasna bludgeagrthat thespiritual question
now screams to be addressekherefore | have chosen declarethe tie.

There has been many another book advocating a larger view ofi rilind Holographic
Universe The Field The Akashic Fieldthe recentThe Source Field Investigationand many
more. But what is invariably lacking is a usabledtetical point of entrée for the fundamental
guestions of consciousness, perception and memory being discussed by the academic world
today. In a word, | wish to give not only to the public, but to the academic Wkl theorists
of our everyday consausnessperceptiorand memoryi the conceptual armament they need to
move to a much less limited, far broader view of mind. We must clear the debris of
misconceptions in cognitive science, consciousness theory, evolution and physics. The battle
over thespiritual nature of man must first be won at the level of our understanding of the role of
the brain and of the nature of our perception of Channel Noimmlr eveyday, ecological

10
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world.
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Chapter |

The Mystical Perceptionof Coffee Cups

The physical world is an infinity of movement, of TirBgistence. But
simultaneously it is an infinity of Silence and Voidness. Each object is thus

transparent. Everything has it own special

i n t i methe®amb tirte thare is no place where there is emptiness, where
one object does not flow into another.
- D. K., Canadian housewife, the Three Pillars of Zen

Phaedrus felt that at the moment of pure Quality perception, or not even
percepion, at the moment of pure Quality, there is no subject and there is no
object.

- Zen and the Art of Motorcycle Maintenanc

The Koans of Life

It is my experience that one is prepared by Life. For what, one learns gradually, perhaps. All
may be preparation. | was never much in high school mathematics. It just never penetrated, and
my teachers had no clue how to get to me. | was in somewtiikel. Of course the world | was
in, in high school, was another world. My high school was a Franciscan seminary in Chicago. |
apparently was always a somewhat mystical type. Qdtholicimagination had been seized by
Saint Fancis when | was severegrs oldupon reading a book entitledhe Perfect Joy of St.
Francis A Franciscani this is what | wanted to be. And my very religious parents faithfully
shipped me down to Chicago from Minneapolis, with several other classmates of mine, via the
Burlington Northern passenger train every school year. There | was immersed in English
literature and creative writing, Latin, Greek, German, and French too. Not many people can say
(or want to) thatthey have seven years of Latin. | read the New Testame@reéek, and

Xenophonés tale of the journey oAnabasisa@Bdteeek mer ce

Katabasis. | dwelt in this environment through four years of high school and two years of
college. | then entered the Novitiate, in theory, for wihas$ supposed to be one year and a day,
but ten months lateor two monthsand a dayarly, | said goodbye to the Franciscan world.

There is a book on the miliThalkoyg Gaydimel e my | at
suspect there shoullsob e a b o o Khedong Brawh Eitkd A My <c¢cl ass was
the long brown line of Franciscan friars to experience the novitiate. What was now left of my
sixty-plus high school class twenty guys at age 20 or Sowere cloistered in an eruded
monastic setting in the smd#rm town of Teutopolis, lllinois. The brick walls surrounding the
enclosed space embraced enough room for a softball field, played sixtieen inctball, a small
vineyard, a walkway of bricks comprising an ovatlgrabout seventy five yards on the long axis
with trees in the center, and plenty of southern Illinois heat. Thethe midst of summerywe
donned the brown wool habit, the white cord with three knots, the long rosary of big brown
beads, and sandal3.here we endeavored to maintain a year long siléreeept for breaks on
Wednesday and Saturday afternoon when we played softball. We were rousédediin our
tiny cells at 12am, sloggetbwn the corridorso the little chapel and chanted Matinsda_auds
in Latin for half an hour, then meditated for half an hour, then slogged our way to bed again at
lam. We were roused out again at 6am, plodded to the chapel and chanted Prime and Terce,

13
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attended mass, ate breakfast in the refectory in silendesane work, studied, filed into the
chapel at noon and chanted Sext and None, ate lunch in silence, did some work, went to chapel
and chanted Vespers, ate dinner in silence, chanted Compline before making our way to our little
cells on the second floor drbed at 9pm, woke up at 12am. Rinse and repgiatl mention we

also walked the brick oval reciting the rosary on our big brown be&is®lays were different.

On Sunday we attendeédo masses. In our softball games, it was my great joy to pound the
softball over the brick wallwhich served as the border for left field, into the street. Right field
was good too. Special permission was needed to retrieve the ball.

In the Franciscan world, it was common for friars to get advanced degheeksnb doubt this
is what | wanted to do. In this regime of chanting, prayer, reading philosophy, silence and
softball, the desire came to me to do research
mat h e mat obtuseneés thisMybject always seed curious. Something was wrong. My
interest in psychology merged with my curiosity over the cause ofmatiiematical blindness.
So ten months later, when | made my way back to Minngiatas psychology that became one
of my majors. It was 1966. No longer with a draft deferment, | immediately found myself
undergoingarmy medical exams in the draft induction process. | managed to gaiextnagear
by entering the University of Minseta, one year in which to cram in the last two years worth of
credits needed for a degree.

The psychology of 1966 was the realm of B.F. Skinner. It was dominated byredssin
their Skinner boxes, rats pushing levers, rats receivingfioed | et s, rats sl aving u
il aws of r & ithe fooghlyc feum Ewst tiiat Skinner felt explained everything one
needed to know about the mind, what there was of it in Skinnerian psychology. It was a bad time
to be rat. It was a really bag time to study psychology. Only the last course | ever took,
stuffed into my last summer session, given by a professor fhemUniversity ofMichigan
visiting the barren Skinnerian landscape of Minnesota, offered hope. Its subjetttewgreat
French theoristJean Piagetand hiss heory of <c¢hil drends cognitive d
the first glimmer that psychology could actually develop, or even care to develop, a theory of
thought. It was actually dealing with what the brain might davak actually admitting there was
abrain. This hope would keep me in the game. But there was something else. In describing the
cognitive development of the infant, Piaget argued that initially the infant experiences no
difference between himself and therld. For the child there is only tleeibjective There are
yet no fiobjectsd distinct from the child as sub
the child. Chairs are part of the child. There is only, in the whole worldsudbjector selfi the
child. It is only over the course of cognitive development that this distinictsoibjectversus the
objectsof this worldi is made.

Il filed this away. 't hurled me back to the ph
fonrF¢ her OFergie, 0 my Franciscan philosophy prof
seminary the last year of school before novitiatEpistemology is supposed to be the study of

Ahow we know what we know. 0 H o winctfiore smself? subj ect
How can one be certain of this knowledge? Fer gi
It was a great course. | hadnét a clue what it
koani another one of those strangeayi ngs of the Zen masters |ike,

hand clappin@
There would be no Zen Enlightenmdmwever It was 1967. The Vietham War was raging.

It was Uncle Sam who wished to give me his own experience of enlightenment. | would not
return again to this subject for a few years. It would be very far from my mind.
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Subject and Object

But it would all return. In the summer of 1970, I lived with three other Marine lieutenants.
One was Ron, who was my officer basic school classneter a fellow officer inthe third
reconnaissandeattalionin Vietnam and my roommate at the recon iasguang Trj a city just
below the Demilitarized ZoneThe other two were Duke and Jay. We shared two apartments on
the top floor of a small yacht basin three feet from the inland waterway of North Carolina. A
mile in the distance, the ocean roared. We were edwdhf an hour from the Camp LeJeune
Marine base. All of us had been infantry officers in Vietnam. All had been back for a little less
than a year. All were slightly crazy.

The ritual, when we returned from base in the afternoon, was to tanth® nearby town,
usually on Dukeb6s motorcycle. The mission was t
possible. AArribad was our current favorite. !
craziest. He had served as an infantgtgdn commander for the standard thirteen months in
Vietnam, then raipped for an additional six months after the troops of his platoon, in
appreciationfor his leadership styleurned him on to marijuana. He now was a fan of LSD.
Duke could be trippingout you might never know.

Jay, who with a Navy Crosswas the most highly decorated of the fafirus and myself,
were a bit at arms length from any drug festivities. In my case, | had been in a profoundly
involuted state ever since my returhwas a question to Life. | did not know why | had survived.
I wondered profoundly to what purpose? | was reading Teilhard de Chardin with his notion of
the evolution of human consciousness, and the mystical HermaniHBsseian Siddartha The
Glass Bead GameA mutual girtacquaintance of us all had given me a copRichardBu c k e 6 s
Cosmic ConsciousnessPoems were coming out of me that made little sense at the time. The
Catholic Church and its doctrinal guidance, what there was ofat] bleen utterly abandoned
beforeVietham This latter cameia an interesting move.

In Marine Officer Basic, in Quantico, across the hall from me ldsigh Hua Chengny

poetofficer TaiwaneséMar i ne r oommat e, was Mi tkeUni@&siofnnor , a
lowa. One day, sitting in his room, towards the end of our six months of officer training,

O0é6Connor , the I rishman essential, asked, iAre vy
Vi etnam??o [ sai d, fi | dandt kAabwt hiwhi?dt WoulHdi t
The only reason | woul d be going is because | 6n

agreed. Neither of us went to confession. | was pretty much done with the Church by that
statement. They say tleare no atheists in foxholes, but this scarcely does justice to the
complexity of the souls of meninwaBut OO6 Co n n or aregcanspatrkiinthd sarde o n
day we both had sat on an LZ togettaking, waiting for ourrespectivehelicoptergo take our
six-manteams into the middle of Vietnamjungles,and the same day my oweam got in a
firefight, had a man killed ande were forced to makeur escape

There were enough of these experiences to put
North Carolina. So very late one night, after our standard celebrations, | wandered out on the
balcony of our second level dwelling, overlooking the seastlied of the waves in the distance,
and the moon above, and found myself suddenly prone on the wooden deck, sobbing. With this
began a mystical experience. | became aware of a Presence, 4 BeBgjng that had always
been, a Bei n,gandwlich Ichad afivhy® beem@hss Being had done everythiiig
good, bad, or everything under the Catholic definition ofidinh a t Al 0 Buatdereever don
was no sin.Somewhere, | remember a statement of Thomas Merton to the effect that when one
truly experiences contemplation, one realizes that there is no sin. There could be no Bis, for t
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Being was thesource of all action, and this Being was infinite. The ecstasy of the Love of this
Being was so great, | could hardigarit. The entire world wa bathed in a literal glow of Love.

| kissed the wooden lamp post, the wooden railings of the ptrehoutside walls They were
glistening with a mystical glow. All was this Being, and this Being was Love. And all was Just.
There was no injustice/Vhat ever happened, to oneself, to another, it was absolutely just.

Duke came out and asked me if | was OK. | told him | was on a trip., Adniknew better.
He looked quizzical, but he went back to bed. And in this profound state of ecstdisyslefp,
but only to dream. In the dream, | stood nearby and overlooking a long, long winding road,
sensing this Being next to me. On the road, walking, filing by, was a vast stream of people.
Suddenly, wei this Being and I began racing swiftly umnd down the length of the road,
touching, traversing, melding with the minds of every individual moving in this vast stream. At
this point | awoke.

Somewhere, in all thithat night | had seen that the relation between Subject and Object was
not what psychology presumed it to be. | said to myself that if this relationship was redefined, an
entirely new psychology of mind and cognition must result. Perhaps, | thought, vaguely, it would
be profitable to pur s ukoneRdssaofseljedtand obfect imtheahiidon of t
studying the mechanism of the eventual partitorh the childés wuntodi fferen
fisubjecd and a world of separaf®bjectso This, | vowed my Being, was what | would dedicate
myself to pursue whelhcould return to academics and graduate school.

It would have been a bit hard to function well in the Marine Corps very long in this state.
Fortunately, Life intervened. News came within a we&Ke were being given an early out.
Instead of Feruary of 1971, | would be released from duty in Septenit®f0, just one more
week. The day | got my release papers, | tried an exploration. DuKkertgaeen advising that |
should see the world on LSD. | had refused, fedivagif | had to reporto the Camp LeJeune
base the next day, any sense of time distortion would put me in an extremely paranoid state.
Perhaps | would be late to work! Perhaps time would run backw@odthat afternoon, in my
new state of freedom, with Duke present in owthydasin quarters, | gave it a try.

I qguickly entered a state of fear, I was | osi
his response was, AWhat are you worried about |
the transformegberceptual world of LSD, with its vibrant colors and soyndsere wine glasses
seened extra translucent, where sounds seemed never ending with dédygire every thought
quivered with layers of meanings that never endedhis world, a little fly was bzzing around
me. It was a very slowttle fly, with wings flapping more slowly than the standard fly, and |
waved slowly with my hand to move him away. | would remember this fly.

| was ready to return to Minnesota. All my belongings fit in 18y 0 red Mustang Mach |1,
save for my little blue sailboat on the boat trailer attached. The Mach | would get there very fast.
I would arrive just in time to begin the fall semester at the University of Minnesota.

The Koans ofBergson

It was fall of 1970.Poised just over amall hill of time, the computer model of mind was
ready to sweep i nCanitipeSy ic & mnTheSkineriabrats were doorged f
to unemployment. One of myfirst graduatecoursesthat first semestemwas on theusesof
mat hemati cal group theory in psychol ogy and the
development. The professor was Dr. William Bartg hewas quite fascinated with the notion of
the mathematical group and its usefulnesgve had to write a paper for the course, and | asked
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Dr . Bart if my topic could be, AThe epistemol og
wherete fAepi stemoamgydr omi ngBut Dr . Bart thought
would be betterifgu di d a comparison of BergsButwheand Pi ag:¢
in heck waBergsor?

Henri Bergson, it turned out, was a French philosopher who wrote at the turn of the century.
He was very famous circa World War | and his influence was very pervadimgvas so famous
that the French army in World War | appropriated onehigfkey concepts in the topic of
evolutBlammj tahofior vital force dri vintgeélennol ut i on
vital. Piaget was in fact a studgat least for a course or sw)Bergson.

It seemedHenri was alwaysa bit special. He had shown his initial promise at nineteen,
winning a prestigious national prize in mathematics. But he had turned instead to philosophy,
causing his chagrined mentor, Desboves, to r ema
youwillbeonl y a p hOnlya ghilgsdpher or riot, he seems to have had a remarkable
presence. The following description of Bergson was given by one of his classmates upon the
lateroccasion of his reception into the French Academy:

| recall quite tearly our first encounter. You were already famous then. You
were always famous. | recall the fragile looking youth in those days with your
sl ender, slightly swaying figureé You said |
clear, sedate voice, ful def erence to your companionb6s op
when you were proving him, in your quiet little way, and with that unconcerned
air of yours, that his opinion was absurd. We had never seen a schoolboy so
polite, and that made us regard you as somewhgreatit than ourselves
though not distant you were never that and you have never been, but rather,
somewhat detached and distinguished. Fromr ymersonality emanated a
singular, subtle charm; it was something quite subtle, even mystérious.

He wrote and published his doctoral thesis in 1889, entifliade and Free Will This was
followed in five years, in 1896, withlatter and Memory His most famous work, in 1907, was
Creative Evolutionwith its theory of the nature of evolution bsingin fact the evolution of
consciousness.

I found a book, an exposWidanGarr. of d Bee gisomind sCaphi
exposition. It was profoundly difficult to understand. | doubt with near certainty now that Carr
truly understood the theory himself. He would not have been alone. But one thing arrested my
attention immediately. It was this statemehat Carr quotedfrom Matter and Memory
fiQuestions of subject and object, in their distinction and their union, mustdted in terms of
time, not space  So there it was. Subject and object. But what did this ihé@satedin terms
of time?

Intuitively, I understood the warning on spac:¢
obj ect 0 terasof ¢pace. nThat eoffee cup on my desk is located externally, in space, at
a distinct spatial location from my body (the subject), and spatially distinct from the body. The
musical sound is located externally in space, coming perhaps from the fadam is distinct
from me This is wherdhe relation of subject and object merges with the problem of vision and
perception.
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A Return to the Great Koan of Vision

The coffee cup, the desthe spoonar e of cour se, Aobjects. o You
But how do you know they are really there? Y
sureyouexist. You feel the pain in your back perhaps if you have just gotten out of bed, perhaps
evenstepi ness, maybe your eyes are herasgsygpo ydbhearei
guite sure of. I't is entirely HAsubjexternai ve, 0 bu

to you. How are you certain they exist? How do you know threyaaything more than
components of these internal sensations that comprise your subjective existence?

A certain philosophical position known aealismwould actually say that both book and
cup are creations of the mind. All is idea. It is #t®ugh all is a dream. This position is not
much in favor today. The opposite positiomaalism Realism of course holds that the cup and
book are very real and exist in an objective, physical, external world. However, there are two
flavors of reabm i direct and indirect. Direct realism holds unequivocally that you are looking
at the actual cup and book in the objective external world. You have direct knowledge of their
exi stence. I ndirect rloekaabainatroupictare te@robéemc aut i ous . L

In Figure 1.1, theoffee cup isan external object, the circle it
the brainT the home of the subjedt and as noted earliethe

arrows represent the light rays reflecting from the object to
brain. This is perception f ntistos
continue through the retina, the ligdnergy is transduced ant —_

encoded within the neurons of the brain perceivingciliginto a

neurallybasedfirepresentatiol of the objecti a representation

consisting of chemical flows or electrons whirlitigat can look

nothing like the cup The processing of the physical ligétergy

ends in the visual sensory cortisthe approfate processing ared-igure 1.1 Perception of

of the brain. As the philosopher, Mark Crooks nothasyeis no Cup

return of vision to theoffee cug All perception then, even though

of anexternalobiject, is occurring within the neural systems of the brain. This is the undeniabl
finding of neuroscience.

The paradox is clear: we cannot actually see into physical space or directly obsewyg the
yet our experience is that of actually doing so. Yet the object appears located externally to the
brain, in depth, in volume, in space. It is a disturbing, counterintuitive paradox. We are virtually
wired to believe that perceptiondgect, that wetruly see thecoffee cup on the deskght where
it says it is. But Figure 1.1 stands in eloquent contradiction. In lieu of some incredible theory
that replaces current science, we become philosophic ostriches, vainly kicking sand with a three
toed footagainst the implications of Figure 1.1. The compromise, thémgiiectrealism The
cup, the book, thekleenex boxon my deskare very real, but they are ontgpresentations
representationthat look nothing like théox or thecoffee cup, but that can be found somehow,
and aresupported somehaqun patterns of neural firing in the neural systems of the brain.

Patterns of neural firing in the brain. This is the rub. Whether the input is to the eye, or to the
ear, or to the hand, ittilnately only becomes a pattern of neurons firing in cortical areas of the
brain. The cortical pattern is spatial and temporal. It is spatial because the areaugfithe
distributed simultaneously across an area of separate neurons in the viswal tastéemporal
also. Whether theup sits stationary or it moves, the patterns change overitiscessively
different neurons fire at different rates. If we are listening to a musical phrase, the firing of
neural patterns in the auditory aredlwd cortex changes over time. There is yet a spatial aspect,
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for the inner ear or cochlea is laid out in spaceadine, and each frequency qmmnent of the
sound causes a different (spatial) portion of inner ear or cochlea to vibrate. So for bdtarsbun
vision, we end with only spatial and temporal variation of patternsweAsawJeff Hawkins On

b

Intelligencg s ay, Aithere is no | ight in IHawlensgpesd t he
on to say:
This is not to say that people or objects
t here. But our <certainty of the worlddés exi

patterns and how we interpret them. There is no such thinglirast
perceptio® R e me mhthe brain is in a dark quiet box with no knowledge of
anything other than the tirflowing patterns of its input fibers.

This is indirect realismNote the denial of direct realism or direct perceptiBat how, from
these firing patternsdo we get the white cypvith its brown coffee and rising steamocated
externally,sitting on the desk top with spoon nearby, all spreading out before us? We may be
convinced that the cup is real. The neuronal firing pattern for the cup may be wehyed
consistent, occurring each time the cup is there. But how does the brain know? How do I, the
subject, know?Yes, | can reach out and touch it, but what if | could nat®l even if | touch it,
how is thistouchsense any different? It is just @ner braingener at ed #Ai mage, O
or kinesthetic imageAll is only firing patterns in the dark, quiet brain. Curiously, then, indirect
realism offers only &aith in realismi the actual objective existence of the external world. Itis a
haid s b i & middsdopicin practicality, invisiblehairi from saying this: all is only idea.

Current robotics and Al vision systems are being programmed to process information
received from their external environment. The robot is givesinaera which picks up the ligint
the surrounding world The information in the light, the pattern, is again transdoceshcoded

C

<

this time to on/off electric switches represent .|

the brain transdus the light to neural firing patterns, the robot takes the light patterns and
encodeghem to patterns of bits, 000110001, 10010011, etc., flipping the bit states fromi0 to 1

changing bit patterns in the fbtanrTke rapot icam t wor |

compute action from the information encoded in these bit patterns. The rolaat aarthough it

sees. It can make its way along corridors or even, with new improvenaelitde rougher
terrain. But it is little different than a congtally blind man receiving instructions: go left, go
forward two steps, go one step right. There is action, but there is no vision, no image of the
external world, only thechangingpatterns of bits. Though the movies depict Arnold, the
Terminator, witha display screen of the external world complete with little digital -cead
numbersin redflicking across the bottom, there is no theory as to how Arti@d erminator

could see thiseadoutscreen and its image. Arnold, the Terminator, is blind east.a But he acts
convincingly. He can defeat other robot$de can spit out one lineré TV set, guided by its

digital signals, paintsght patterns on its screen. The TV does not see the screen, it does not see
the image, we do, and it mur ability to seethe image, how we do sothat is the problem.

A r n o pictudedisplay is just a minTV set, a part of Arnold, and Arnoldo has no ability to

see the imagdigitally paintedon his screenAl and robotics have not one thing to contribute to

the solutionon how the brain creates an image of the external world, or where the image comes
from. Both are dependent on the outcome of the research of neuroscience, a science equally
perplexed, on the question.

The quintessence of this explanatbslplessness is quite concretely on display in Oegstgeest,
Netherlands. In Oegstgeest is located a several story museum, the Corpus, with walls and halls
modeled in fiberglass to resemble the inside of the human body, giving visitors the sensation of

beng shrunk to the tiny scale of the adventurer

19

d



Chapter | The Mystical Perception of Coffee Cups

visitors ascend past some dissolving cheese making its way down a hsithedyintestinal

system, they arrive eventually at the sumiinihe brain. Here they takeats around a cluster of

display panels built atop model neurons. The neurons project imagesaps our coffee cup on

the table or the halfaten cheeskeonto a larger screen at the top of the domed space, to give an

impression of how consciousnessrisgy Unsaid is the fact that no one has a clue how neurons
Aiprojecto anything in the way of an i mage, and
the skull ? And just fAwhoo is in the brrainds th
Now we would need to explain how that Awhod see:
to have another Corpus, with control room, with neurons, with screen, to explain how the first

i mage 1S seen. It i s what e meger geteoutrofetise rather i nf i n
expensive need for building another Corpus within the previous Corpus.

This is the problem as it stand

today. This is the problem as it stoo

in 1970. This is the problem as i BRAIN

stood when Bergson wrote in 189¢

One does not neethhe existence of recoprors |=[emeoser || st ] S99

computers or robots to see tHismy 1 '
External
World

graduate student dayand in my External
dodoral thesis| liked to call this the
fcoding probl em.
or sound patterns of the extern:
world are being translated to th
brainds own forn
external wor |l d i
form of these neural firing patterns.
This encoding, resulting in theFi gure 1.2 The AStandar
strange, dar k ni

brain, is what | termed the standard

model of perception (Figure 1.2). But now the fun beginew,Hve can ask, can a code, which

is supposed to stand in for something known, i.e., foe#ternal world, itself be the means by

which the external world is known. Three dots
code, the number 3, the three blind mice, ibyou arenovelist Dan Brown, perhaps foba

Vinci 6s nose. of the mvapping (fromhcede tb avarld)ispecifiedRow is the

codedecoded ounfolded into a cup, coffee and a stirring spoon? Thabis, il a code unfolded

into the external world without already knowing what the external world looks like?

It i s not t hat this problem was wunknown in t
psychologist, pointed this out in 1952, saying:

In short, current brain theory encourages us to correlate our subjective
experience [the steaming coffee cup, #ieging violin concerto, the feel of
rough sand paper] with the activity of relatively homogeneous realeainits
conducting essentially homogeneous impulses through roughly homogeneous
cerebral tissue. To match the multiple dimensions of mental erperige can
only point to alimitless variation in the spatigemporal patterningof nerve
impulses’

Neural understanding was well advanced enough at the dawn of the computer model of mind

to see the problem. ltis in all respects the great problem of subject and object. And the computer
model of mind, to any one who wished to admit it, was enigcerbating the problem. Give the
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computer a camera, give it a microphone, give it a pressure $eabaf these different sources

of input must be transduced to changing patterns of binary (1 or 0) bits, e.g., 111110000 or
0101011110, etc., whereettbits became on/off states of magnetic cores. No matter what the
complexity of the programs the computer simulators of mind would propose for handling
processes of vision or hearing or touching, all must reduce to operaticasdotmansformations

of, these patterns of bits. At its basis, starkly, for the entire computer model of mind, lay both the

coding problem and the problem of subject and object. How, from these patterns of on/off bits

would the computer, as subject, see the steaming coffee catedoexternally, as an object, in

space? How would the computer, as shobJawdc t |, ikno
Marr, the influentialtheorist of computer vision, the question would sit at the heart of his
framework for computer vision,fo t o Mar r , Nféthe true heart of Vvi s
from the structure of an i mage’ Tthoe tfhset rsutcrtuucrteu roef
i mageo is just the stTrhuec tiusrter uicrt utr leet s adtetioeer jnuss ad f
happens to be our everyday image of the external Wioolaer image of the white cup with steam

wisps and swirling brown coffee from the stirring spodfes, getting from one to the other is a
problem, and it is one heck of an fAinference. o0

The problem is not jusgermane to computer models. It runs ubiquitously today through
the numerous solutions to the Ahard problem, 0 a
so coined by David Chalmers in 1995imply put, philosophyoday asks how our experience
hasqualities for exampl e, t h,e tAihree dihretssstol iofg & hoef stumes elt ¢
sound of a violin How, Chalmers asked, after you have described your computer architecture
and your software programs, oowr neural networks, have you accounted for the qualia of the
perceived worl d? This Aqualiad problem is simpl
for the image of the external world. The coffee cup (and its image) has glialitissvhite, the
coffee is brown, the spoon is silvénbut the cup has qualities fufrm as well. As we shall see,
the philosophers seem to have convinced themsel
the cup is easily @ co mepthetharthprabléem. Ths,nve shalllseesis not s u
dead wrong, but just for now, it is not hard to see that if your computations have encoded form as
16s and 06s in on/off states of a computerds me
this code now unfided as the cup?lIt takes great feats of magical thought to convince oneself
that an array of rapidly changing bits is now, marvelously, the same thing as, the image of, the
coffee cup.

But this confusion is endemic. If | listed one, | could kwentyf i ve Ahard probl
solutions, each with an intrinsic coding problem, utterlpaknowledged We cannot take the
neurale ncoded i nformation, ap pdandclaimweihave explgnecat i ng m
the image of the coffeeup-beingstirred when we cannditegin to explain how a magnetic field
canunfolda f d-h g U tcadé. ¥et this has been claim&dWe cannot expect RoboMary, a
theoretical robot who does not perceive color, to overcome this lack simplyisddf
programmingtherag e of MfAcol or c od e s dhecodinglpreblemvoefdly, or r egi s
yetremains. There are many more; the problem should be clear.

This statement of the fAcoding prolbdidenoid anti ci
take me long to come to it, even before my official introduction to the computer models of mind.
But nevertheless, all of the thoughts above dobagfin tos ol ve Ber gsonds fAkoan.
relation of subject and object in termstiofie, notspacé
Koan Number Two

| threw myself intoMatter and Memory | read it forwards, backwards, inside to out in each
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direction. Bergsonhad spent the previous five years studying the cases of, and theories on, the

loss of memories. This inaied amnesias which result from sort of injury or blow to the brain, or
Afaphasi aso where some class or form of memory i
perhaps, as an example, affecting the ability to recognize oljeqteoplein vision a the

meaning of words.Bergson saw a profoundly key question. It is a question to which philosophy

is oblivious today.Bergson felt that wheth@r notour past experiences are actually stored in the

brainis key in deciding whether or how the brdigenerate3 consciousness. In examining the

cases of memory loss, he felt the evidence in no way proved that our past experiences are stored

in the brain. In fact, he described a model of mind and brain in which the brainoivtee

storehouse of experiees.

Bergson introduced his analysishtatter and Memorwvith a remarkable theory of vision. In
a key passage, he di sparaged the idea that the
the external world, for example, an internal, photphgi@image of our coffee cup on the table.
Indeed, as | have already discussed, modern neuroscience certainly agrees with this assessment.
We see only chemical flows from neurons to neuramdy spatial and temporal patterns of
neurons firing Nowherein the patterns of neural activity could there be anything like a
Aiphotographo or wor se, a set of photographs of
coffeeassuccessivanapshoteft h e s patian.nld this context, Bergson then stated:

But is it not obvious that the photograph, if photograph therdshaready
taken, already developed in the very heart of things and at all points in.space
No metaphysics, no physics can escape this conclusion. Build up the universe
with atoms: Eah of them is subject to the action, variable in quantity and quality
according to the distance, exerted on it by all material atoms. Bring in Faraday's
centers of force: The lines of force emitted in every direction from every center
bring to bear uporach the influence of the whole material world. Call up the
Leibnizian monads: Each is the mirror of the univétse.

What did Bergson mean by the fAphotograph devel
poi nt s @AhotherpoamOa Mydirst and many subsequent readings, this was a mystery.

His admirers and his critics alike considered his discussion of perception obscure.
Nevertheless, the book hadgeeatimpact at the time. He went on to publisls famously
received wok on evolution in 1907Greative Evolutiop His fame became such thhe papers
debated whether he shoulgive his university lectures at the Paris opera hall, as the ladies of
society wished to hear the great Bergstfithe radical nature of hitheories wasn't enough, his
very popularity with the public seems to have won him some hard feelings in the academic world.
The British philosopherBertrand Russellattacked him bitterlyand cluelessly | might add)

One admirer of note, however, in Anica was the great psychologist William James, and another

friend was the great educator, Maria Montessori. Another ally, highly influenced, whose work

and similarities to Bergson | must neglect, was the great British philosopher Alfred North
WhiteheadY et ot hers influenced by Bergsonbés freshne
Martin Heidegger and Gabriel Marcel. By 1914, to avoid further embarrassments due to his
popularity, he resigned his teaching position.

He emerged again briefly it922. Stimulated and disturbed by the supposed implications of
the physicist Paulangevin's "twin paradox" (where a twin leaves the earth on a rocket and later
returns having aged less than his brother who stayed behind), Bergson published an dnalysis o
relativity, Duration and Simultaneityandalsoin 192, he met with Einstein for a discussion on
the interpretation of the theory of relativity and the twin paradox, an issue at that time quite hot.

22



Chapter | The Mystical Perception of Coffee Cups

Einsteinand the world of physicaereunmoved by Begson's argumentbut this is a story | will
explorelater; | will only say herethat this issue lies at the root of certain problems in physics to
this day to include the continued failure to reconcile relativity with quantum mecharys.

1924 his helth began to decline, though in 1932, concentrating on fields beyond science, he
publishedThe Two Sources of Morality and Religi@aawork in which he saw the true source of
religion in the dynamic, creative, mystical forces in history, and not within the conservative,
traditional forces which tend to defend established systems. Virtually secluded due to his health,
his isolation oincided with a general loss of interest in his philosophy (but a loss of interest in the
Whiteheads and Heideggers as well). The age was to be dominated by other forms of thought.
Bergson died in 1941 of pneumonia,Naziroccupied Paris, contractedefwvaiting for hours in

a line (having refused all privileges) to declare himself as a Jew. By that time, relatively little
academic attention was now paid to his work, particularly in psycholQgyeued on the horizon

was the behaviorist model of mindlB. F. Skinner with his rats and Skinner boxes. Next would
come the great model of my generatiotihe concept that the brain is a computer.

One critic, reviewing Bergson's career and work in retrospect, would state:

The best explanation foBergson's impressive failure as a scientific
theoretician is the same as that for his failure to succeed as a metaphysician: he
was not sufficiently conversant with the outlook and problems of mathematics
and physicg!

But this was not the viewf de Broglie a founder of quantum wave mechaniesid other
physicists who realized that Bergson had foreseen the impending crisis in the foundations of
classical physics. Rather, there has been an impressive failure to understand Bergson.

Enter the Computer

If | were to pick a year when the computer model of mind and brain swept into the University
of Minnesota, | would say 1972. In this yahe CarnegiMellon computer scientistsAlan
Newell and Herbert Simgnpublished Human ProblemSolving My primary advisor in
educational psychology, Pa#l. Johnson, held a seminar on just this book, and the graduate
students in the class, including me, poured over its chapters and discugsedNéwell and
Simon, the brain is just another foohcomputer. Its essence isrt@mnipulate symbojgust like
thesymbolst he | i tt | e 4 @ghatareamosied brdusd inaan algelrafc £quation using
the proper rules:

It can be seen that this approach makes no assumptions thatdtvareaof
computers and brains are similar, beyond the assumption that both are general
purpose symbefanipulating devices, and that the computer can be programmed
to execute elementary information processes functionally quite like those
executed by therhin?

In the book,Newell and Simondescribed a computer program, General Problem Solver
(GPS), which could successfully solve problamghree subjects logic theorem proving, chess,
and cryptarithmetic. An example ofthe lattertype of problemis, DONALD + GERALD =
ROBERT, where one must find a unique number valu®)@or each letterwhere we argiven
initially only that the letter D has the value Real human subjects were recorded, with their
ongoingcomments, as they solved these peaidi a verbally expressethoughttrail termed a
Aprotocol .o The protocols of the human subjects
Acomparedo with the Aprotocol o of the steps t|
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reasonable similarities That the two Aprotocolsd with t h
represent two completely different under |l ying
much worried about. This very | oose f,bathm of
with this form of Al, with the neural network models, and ultimately with process models of

building software that software companikie the software company | once worked for, came to

advocate

e
p
sc

In essence, the solution method of GR&s the exact form of whatould eventually
beome fAexpert sJphndormvasextrémely impresaeddlong with his psychology
doctorate, B had a masters degree in physics, and as his research assistant, | had been helping
him do experiments ophysics students, attempting to model the structure of their knowledge of
physics concepts. Newell and Simon gave a new, concrete approach to modeling knowledge. |
even played for awhile with constructing one o
physics problems The program woulde given as inpua languagdased statement of the
problemf or exampl e: AiThe truck traveled for one ho
But handling all the possible variantsefenthis simple problem| soon sawwas a lost cause.
This requires knowledge of the physical worldn fact, a form of knowledge that computer
model ers wultimately began andohiachddr leepBraceasomave s e n s e
shall see, they have all but given up on today.

Other works likeNe we | | a n avereSappearingdos had already, for exampéT
theoristMar vin Minskyds collection of computer progr
geometry proofs to rudimentaifanguage comprehension.B. F. Skinner, his rats and his
Skinner boxes were being swept aside. The new model of the l@aping into the pent up
vacuum created by Skinner, fB8kinner had no model in actualitywas that the brain was in
essence a digital computiea symbol manip@tion device We only needed to discover the cool
software programs necessary and we would soon have language understanding programs,
programs for vision, for mathematics, for chess, and of course, walking, perceiving robots.
Secretaries would take didtas from their boss in English and translate them to fluent Japanese.
The computer now presented a very concrete tool to implement what was in fact a deep, long held
metaphysical position on the nature of mind, a position that went all the way bd&tkaedrus
saw, to Plato. The achievement of all thigiven we now had an absolute lock amlevice to
implement this long held, implicit conceptiontbe nature of mind and intelligencejas thought
by its proponents to be very, very imminent, i.eshibuld have happenehirty years ago.

Enter Bob Shaw

In this year, | attended a seminar on this new subject led by Dr. Robert E. Shaw. Bob Shaw
was my doctoral thesis advisor. He was a student of James J. Gibson, one of the foremost
theoristsin perception at the timg/ e s in the problem of verysion.
influential and will play alarge role in the discussion to comBob would later foundThe
Journal of Ecological Psychology the academic journal for the Gibson school of perception
theory. At Cornell (where Gibson taughBob had been a postoc in abstract automata theory
for two years. Automata theory is the abstract, theoretical basis of all computing. Bob Shaw was
well armed for the subject.

In the seminar] ar gel y keyi ng o fComplers agdck Thbughivendest b o o k
througha large array o€omputer modelat the time which dealt with some aspect of mind, be it
logic problem solving, language, vision, what e r . Each was found wantin
not a matter of persnickety detail, it was on a general principle: the computer modelers were
always giving away the problem. The brain could not possibly b@rpgrammed with the
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advantages the computepdelers were giving themselves.

What do | mean byfigiving away the problend@? Consider a problem solved by Newell and
Si mondés GPS termed the "monkey and the bananas
monkey is in a room with a box, the bananas hanging from the ceiling. The monkey's problem is
to grasp the bananas which arg of reachi a problem solvable by moving the box beneath the
bananas and climbing up. -erGPsSq .aibadentepibehind, f ol | o0\
meansends analysis is simple. If | want to go to the grocery store (my goal), and currently | am
in my house (my currenigoatl atoe)l, nteleelr ¢ carae hs ewviee <

To get to the store, | have to drive the car.

To get to the car, | have to get to the garage.

To get to the garage, | have to get out of my chair.
To turn on the ignition, | have to put in the key.

To put in the key, | have to have the key in my hand.
And so on.

To T 3> D I I

So we move t@ specified goal by achieviigt hr ough vari ousas@érierseanso or
of subgoals. Int he mocasetely® sgo al is Abananas-goaBarnando an
given by nAdifferences. o0 The relevant difference:
(D1), the box's place (D2), the contents of the monkey's hand (D3), and the differences are
furthemore ordered in degree of difficulty from D3 to D1. This is what is termedbgact
languagei a language or symbol set defining the problem environment. The operators given the
program are "climb,"” "walk," "move box," and "get bananas." The prograsi discover the
proper sequence of operators required to reduce the differences successively to the point where
the bananas are in the monkey's hand. This is in essence simply creatof mamely, a proof
that we can get from A to B.It is a proofprocedure carried out within a fixed theory of the
monkeyébés worl d.

The object languagehen,defines aframe of fixed featurem which the solution is carried

out . But, as GPS did, giving t hhebiliydth&boy, f move I
is equivalent to giving awaly or better, giving away the discernmentich fundamental feature
and thus theolution path to the problenGivenths fimobi | i tydo or fimove boxo

is only a matter of solving for the right sequento apply the operators to resolve the

idi fferencesod and t lonGatenbezgthe imaventoeoathe prinfing fress i n a s . F
was quite a different story. Irootemplating how t@roduce books in masfh)e fimobi | i t yo o
type as an intrinsifeature or operator in the problem of creating a printing device was not at all

apparent This emerged only ovanalogy

éWhen you apply to the vellum of paper the s
has been said, everything is done, everything is there. Do you not see that you can

repeat as many times as necessary the seal covered with signs and characters?

€ On e mu s, tcastsmakei akform like the seal of your community, a mould

such as that used for casting your pewter cups, letters in relief like those on your

coins, and the punch for producing them like your foot when it multiplies its print.

Ther e i s t heattersBarebmoveableThehnmobility of the letters is the

true treasure which | have been searching for along unknown rdhdgers of

Gutenberg to Frere Cordiljgf

Gutenberg waslefiningthe features of the world in which he would solve thabfam. He
was creatingthe object languageThe features were being defined through analodye was
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seeing analogies to seals, to moulds, to stamping cdissve start as infanfso less later as
inventoss, the brain is initially confronted with a wd in whichit must define théeatures It is

the problem of the definition of featurébat must be solved. The computer modelers were
simply ignoring this, surreptitiously solving the problem, defining feat(thes object language)
and then creating logic system in which the computer could do that which it is capable of doing
T manipulatinghe nicely predefined featureas symbols.

The computer modelers, we shall see, are still trying to explain how the braiarddegies
in this very sane wayi by defining fixed features of the world, anken creatinga proof
procedure which #Afinds the analogy. o This i1 s
Analogy is the thorn in the side of the computer model of mind. It was a thohe iside of
Plato, the progenitor of the metaphysical framework which spawned the computer model of mind.
The complete failure to explain analogy comes from this deep source of inadéqtlaey
computer model of mind is incapable of supporting the methodtigh the brain defines its
world.

Near the end of the semin&@ob gave a talk discussing the possibility of another approach
to a theory of mind. He began describing holography. As holography is essential here, we need
to spend a moment on whalhawhad to describe.

Holography

The "hologram" was discovered b
the BritishHungarian scientist Dennis Photographic
Gabor in 1947, though its full potentia Plane Waves e (Holosram)
waited it seems, on the birth of the lase _ elereape wave)
1963. Holography is defined aghe  haserlisht ———=
process of wave front reconstructiorin w Reflected
considering one of the several methods o e
constructing a hologram, the principles w @ -~ Lighe
require for understanding the process & D
simple. Figuresl.3 and 1.4 demonstrate (Twa abjects)

both the process of construction and tt

nature of & hologram. It can be seen frcgjg e 1.3 Holographi€onstruction

Figure 1.3 hat a hologram is essentially the

record of the interference pattern of two light waviége can imagine the interference as though

we had a two sets of water waves coming together from two different directions. Where the crests
of the water wavemeet, the waves will reinforce each other, mgla yet higher, more intense

wave.Thi s i s ter med @ c on sWherathd tioughs ofitwo wasendetewee nce 60 ( +
get a wave with yet a lowertrough.hi s i s al so @A c onsnbted@-& Wheree i nt er f
the crest of one wave meets the trough of another, they cancel dute avi ng Afl ato wa

Adestruct i voe(+). intteems ofdighte theseecases become more intense light areas
on the photographic emulsion or pldest meets crest), or less intergeas(trough meets
trough), or just neutral (trough meets cresthis pattern of wave interaction across the area
where the two wave sets meet is our interference pattern.

One of these twavaves is termed threferencewave It is usually emitted from a source
such as a laser (as designated in Figu whi ch provides our very #fAco
Coherence refers to the purity of frequency. A light wave containing only a siagleehcy of
light is perfectly coherent. Thather wave, th@bjectwave arises from light reflected off the
object of which we intend to make a hologram.
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Once we have recorded the interference pattern by exposing the plagetietivaves,
then we can beam another wave through the plate. This wave, beamed through at a later time, is
termeda reconstructivewave It
is a wave of thesame frequency
as the reference wavaVhen it is
beamedhroughthe photographic
emulsion contiming the
interference pattern of the twc
waves, the original wave front is
reconstructed (Figure 1.4, left)
The reconstructive wave is =% |
diffracted as it passes through th
plate, analogous to that whick i s S powmvara | Pl g
happens to water waves as the A% {formlng rea -
flow through a lineof barriers
and bend around them, though i
this case the "barriers" are th
pointsof constructive (++pr (-) Figurel.4. Holographic reconstruction. The reconstruc
and destructive (} interference. wave, modulated tdrequency 1, reconstructs the stc
Figure 1.4 shows that one set « wave front (image) of a pyramid/ball. The reconstruc
waves travels downwards whilc wave, modulated to frequency 2, now reconstructs the
yet another set passesght front of the cup.
through with no deviaion. A
third set travels upwards in the
same direction that the complex object wave in Figure 1.3 would have been moving. A viewer in
the path of these upward waves then believes himself to see the source which generated the wave
set located in depth behiride hologram and in three dimensions. We might say then that the
upward traveling waves "specify" the nature of their source of origination, namely a pyramid
form with a globe in front of it. These waves specify what is termedirtiual image.

. Viewer
Viewer
f, W f, g

Reconstructing wave set, Reconstructing wave sef

TUndeviated
waves

Virtual ..
""‘1‘, Plate
d

m
Downward

There are two major properties of holograms we shoatd Firstly, we can consider each
point of an illuminated object as giving rise to a spherical wave which spreads over the entire
hologram plate.As the reflected light bounced off the ballckaoint of the ball, for example,
gave rise tolittle spherical wave thaexpanded as it traveled towards the hologram plate,
ultimately coveing the entire plate.Thus we can consider the information for each pomthe
ball to be spread over the emtihologram. This implies, conversely, tiia information for the
entire object is found at any point in the hologrann fact, we can take a small corner or
"window" of the hologram of the pyranilshll scene in Figurel.3 and reconstruct the image
(wave front) of the entire scene with a reconstructive wave. In principle, any point of the
hologram carries sufficient information to reconstruct the whole scene.

Secondly, it is possible to record a multiplicity of wave fronts on the same holographic
plate. We can do this by changing frequency valuef the reference wave. Thus we could
make a hologram of a pyramid and ball, a cup, a toy truck, and a candle successively, using
reference waves of frequency f,, fs, and f respectively. Bymodulatingthe reconstructive
wave, i.e., changing its fregncy appropriately from frequency fhrough #, we could
reconstruct the successive wave fronts which originated from each object (HRigure
left/right). The degree of resolution of image separation is a function of the coherence of the
reference andeconstructive waves. The more finely we can modulate these waves to a single
frequency, the more distinctly separate and clear will be the reconstructed wave fronts. If,
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however, we were to illuminate the plate with a diffuse, -ooimerent wave, we wadl
reconstruct a composite image of all the recorded scenes.

Intrigued by these memotike capabilities, the neuroscientist, Karl Pribram, had made
arguments already in 1971anguages of the Brajinthat the brain itself is a hologram. He
postulaed that memories are stored in the brain in holographic form, and thought too that some
form of holographic construction might account for the external image of the,vearlithough,
somehow, a wave is pulsing through the hologram of the brain, and treicting an image of
the external coffee cup.The difficulty here is that if the lighvave information from the table
and its coffee cup strikes the retina and is changed to a neural wavandshored in the brain,
then we need a light wawervingas the reconstructive wave passing through the brain to get the

i nformat i eigd fAdeaikn oiun order to reconstruct the
Even i f such a pr oc eblesisoonsudtightwave, bassing thrdughithe can o6t
brain, to be found.

Pribrambs <conjecture was -enrarkddlciyclesiof cognitved i n  t |
psychol ogy, but it was i n tshold ot thatdaricametb of Sha
Minnesotato give a lecture around this time dmad conversationsi t h Bo b . Bobbs con
|l 6m about had tHessubbeguently lurk in Karl és minc
The Brain as Reconstructive Wave

Concluding his discussion of holograpgb proceededtodrp hi s b omb.  sndot i

he wondered, that the universe is itself a hologram? As such, the hologram would not so much
be Ain the headd as Pribram waaéntmephdogranhat i ng, but

As Shawds de scod [ s Beeopdykeagpacanse clear. Bergson, writing in
1896, had already anticipated Thsé whlabhe megaatct esse
byt Hie phot ographédevel oped in the veoAtgverheart of
Apoint in spacedo in a hol o tndeadn would see later, helhatl or mat i ¢
anticipated the fall of classical physics twenty years later. Louis de Broglie, one of the founders
of gquantum wave mechani cibsophya mdttel ascsettimgthedome, Ber g s
the basic philosophical Zeitgeist, for his own discovefiesi t was no wonder that
contemporaries found his theory elusive in 1896. Bergson visualized the universal field of matter
as a vast fi @&l ddngf giiveal "abfjieens acts wupon all
in turn acted upoby all other objectslt is in fact obliged:

...to transmit the whole of what it receives, to oppose every action with an
equal and contrary reaction, to be, in short, merely the road by which pass, in
every direction the modifications, or whatrcbe termedeal actionspropagated
throughout the immensity of the entire universe.

What Bergson was arguing, in his vision of a v
matterfield i the universd is holographic, a vasever chaging, dynamic interference pattern,
in fact, given its transformation over tima,fourdimensional hoIograrhG. Indeed,in 1980, the
physicist, David Bohm, would first introduce the idea in physics that the uni@ehse | like to
term the field of matteor thefimatterfieldd ) s hol ogr aphi c. HosSindeer med it
then, physics has come tatherroutinely view the mattefield as forming a vast, dynamic
interference pattern, i.e., a hologram

Let us consider an intuitive model of this hologram on a universal scale. Visualize the
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universe as a vafitiid. Then imagine each little point oi
tinyfludparticle in the f1l ui "0 givin
spherical, rippling wave that expandsroughout the P, | = . | .gP

entire fluid (Figurel5) . These wave f | 7 ‘
Aireal actionsbo propagat =] ; t his un
fluid-sea. Each little vibrating point influences all othe L —{

points in the fluid with its spherical, spreading wave p, . 1 . P
Simultaneouslyeach individual point is being influence« RN ‘
by the spherical waves from every other point. T ‘
ifstateodo of each I|little vihratinn nnint refl ect s
As the Greek, mystical philosopher, Plotimrxesaidof Figurel.5. A mini-universe of six
his vision of reality A Ther e eys proceegsYPrating pointsin afluid. Each poir
from the whole, and is at the same time each part ancnfluences all the others with its
whol e. o This system of radiating, spherical wave

from every point, becomes a vast, dynamic, ever

changing interference pattern of wavea holographic field. To capture this dynarsin, Bohm
(The Implicate Order woul d | ater cal¥ it the fAhol omovement

] everywl

After Shawés tal k, I wandered through the roor
a strange state. | was within a vast Hologram. The walls, the floors, the fine grain of the wooden
doors seemed to gleam with a crystalline glow, pulgafirst a little. But there were many
theoretical difficulties to face. If the mattield is holographic, how does this help solve the

problem of vision? Bergsohknew,had gone i mmedi ately beyond Pri.l
there is some form ofecnstructive wave passing internally through the braim wave

i mpossible to find. Foll owi ng haé dtaluppiisn t he pa
inspace, 0 Bergson stated the foll owing:

Only if when we consider any other given plac¢hia universe we can regard
the action of all matter as passing through it without resistance and without loss,
and the photograph of the whole as translucent: Here there is wanting behind the
plate the black screen on which the image could be shown. "Z0nes of
indetermination” [organisms] play in some sort the part of that screen. They add
nothing to what is there; they effect merely thi¥hat the real action passes
through, the virtual action remairtd

In essence, Bergson wasguing, with Shaw, that thierain is the reconstructive wave
The brain, seen as i tmpaeddi nag vtehrryo ucgohnoc rtehties whaovleo,
specifying the external image of a portion of this fiekhy, our coffee cupJust as weaw that a
reconstructive wave of a certain frequenpassing throughthe interference pattern oa
hologram platedecodes opicks out a certaiave frontto specify say, a pyramid/ball vs. a cyp
so the portion of the mattdield that the brairsugported reconstructive wave picks outas
portionr el ated to t he body,@&sBergsrnwae saying,virflidiackon per cept
We are seeing how we can act.

The brain, then, is decoder Rather than encoding the external world withn an internal
neural code that we now are at a loss to explain how to unpack, the brain as a reconstructive wave
passing through the holographic matffietd unpacks an actierelevant set of the mass of
information (or real actions) in this fieldpecifying it as an image, be it a cup, a buzzing fly or a
stirring spoon.

The concept that the brain mighe a very concrete form of wave may seem surprising.
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Nevertheless, there are many things in current neuroscience that point to #ildifyos The
visual processing areas of the cortex,, V2, V3, V4 and V5 are all interconnected and feed
information forwards and backwards to each
V1 for example, which processes the initial flow information received by the eye, feeds
information to V5 which processes information related to motion, while V5 in turn sends
information backtoV1 modul ating V106s own pr ocAdltaeseng
areas connect to the motor areaghaf brain which control action, and the motor areas in turn
feedback to the visual areamodulating in turn visual processind.here are other wavike

foscill ations?o i n cell s or areas of t he br ai

believed now to be phadecked in a form of synchrony across the brain.

These oscillations and the resonating feedbackabstractwaves. For our reconstructive
wave, we need a vegoncretewave, as concrete as the field of force generated by an AC motor.
The fact i s, al | t he Acomputationso that
resonating feedback among the various processing areas noted abovae mast of, intheir
ultimate effectavery concrete, reconstructive wave.

Thi s makes t he brai n, obviousl!l vy, a very
computer orfrom a neural networkbeingused for computations. The computernetworkis
only interestedn achieving its abstract computatiohgts symbol manipulationas Newell and
Simon insisted As long as these can be achiewatiether on the beads of an abacusa
computer with transistor&n a computer with vacuum tubes, whatewaehievingthis symbol
manipulation is all that is important. But the brain is in truth creating a very concrete waveform
within the holographicfield, for achievingmodulations within that field. It is thigal dynamics
that is all importantas important as the dymécs that must be achieved in an AC motor. One
does not build an AC motor out of plastics,rubber bandsor mud, or beads. There is a real
dynamics that must be achieved to create the elatdugnetic fields. This is equally true of the
brain.

The Information for Specifying Events

A reconstructive wave passing through a hologsgecifies a certain image or wave front
depending orits frequency pattern on how it is modulated It might specifya pyramidandball,
or it might specifythe cup (as in Figurg.4). What
drives theparticular pattern ofmodulation of the

ot hert

of

di

n

compu

ffe

brainods reconstructi ve ‘ where w
need to bring in Shawd /\//\\A/\_ i bson.

-~
Gibson The Perception of the Visual World — 7 ~
1950) saw that the surrounding environme / ' N
contained a great deal of mathematical informati l

useful to the brain. The information specifies tt

depth of objects, the form of objects, and how t

body can act upon them. One such piece of

information iswhat he termed theptical flow field Figure 1.6. Optical flow field with i
(Figure 1.6). We see a flowing field like thisgradient of velocity vectors.
routinely when we drive down the road in our cc...

The arrows in the diagram are Avelocity vectors

that portion of thdield flowing by. The field is flowing by at the greatest velocity near the eye of
the observer (or the driver of the car). There is amtilht at the origin of the fieldyp in the
distancec al | ed t he @ poi rtltisodartrehedinningafthe enauptains g the n
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figure. This entire set or array of velocity vectors (arroffesyingbyi s cal l ed a fAgradi e
gradient changes graduallyIn this caseit is gradually changingn terms of the values of

velocities from zero to ger larger. This gradient happens to have a precise mathematical ratio

information useful to the brainThe velocity value of each vector is inversely proportional to the

square of thelistance from the eye.

Gibson, it seems, was struck by these fields as a yo

boy while riding on the cabooses of freight trains, on whict

appearshe was in the habit of catching a ride. Of cours

while riding a caboose, the fields are flowing avilaym the o,

observer and thus contractingpwards a point, not outwasd o

and away from a point The actual surface of suctlawing O O

field is also highy structured. We might be walkingacros O O O O O O O O

a field of small rocks near the mountains, or a beach with

grains of sand, or a prairie with its grass, or across VQ o OO O O

kitchen floor with its tiles. These surfaces have what Gib: _. .
Figure 1.7. Texture density
gradient (after Gibson, 1950)

termed atexture gradien{Figure 1.7). Imagine the surface
of Figure1.7 as a rocky or gravel surface. The little circl

(rocks in this case) are the Atexture el ements.
these elements, and their horizontal separation changes in perfect mathematical proportion with

the distance from the eye. The vertical separation between each element decreases in proportion

to the square of the distance. These texture gradients are ubiquiftmegs, beaches, lake

surfaces, tiles, etc. Turn the gradients upside doyou seethem as ceilings or the bottom of
clouds.

The mathematical relations or information ¢, xu
these gradients are preserved on the retina by the na \\Q A B ¢
projection into the eye (Figurk8). Note in Figurel.8
how the distances along the ground line,G& are
preserved when projected into thetina. The distance \
relations on the ground (W to X, X to Y, Y to Z) ar \ ~
preserved on the retina, but in reverse ordkr fact, (Y NS
before Gibson, the problem of how we determine t \
distance of some object had been rather mysteric G: WX v z G
Bishop Berkeley, an influential philosopher on tr
subject in the 17006s, Figure 1.8. The Pproblem
of the line ABCD in Figurel.8. In this case nothing
varies on the retinas the eye moves forwartbr each
point A, B, C, or Dprojectsto exactly the same retinal point!

Gi bson argued that tbeisfey g r @ id $ epraifyingtheait mr &by
stretching surface of the external environment. The information is received on the retina and
processed by the visual areas of the cortex. We discussed how the visual areas V1 through V5
and the motesomateaats wiltlh fifreedback fGibson each ot

di scovery of neuroscience, yet at t he ti me, Gi
information. There is no picture or image or photograph developed in the brain. The brain

Aspesiofithe external environment . Note the wuse
in the holographic context, for the reconstruct
explained the origin of the image of the environment. Effectvedywa s pr esumi ng Ber gs
hol ographic field. It is Gibsonbés fAresonanto ir
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wave.
Let us place an object ont . We 0 |
a coffee cup resting on the surface of a tiled table
patterned table cloth (Figude9). In Figurel.9, | want you e S
to imagine that we have thgamecup moving to two °0 %% S8 % °
O

Q
different positionsi from back to front. The forward, O ng
larger view of the cup onlgccludes(or covery two rows O O O ONONONE;
of (largish) texture units. The rear, smaller view of the c
occludes several layers or rows of smaller texture units. o OO0 0O
fact, as the rear cup is moved to fbeward position, hereFigure1.9. Texture density
is preserved a constaniverseratio of the size of the cuggradient (or tabletop) with a cuj
to the number of texture units occluded. As the sin two different positions.
(height) of the cup grows, the number of layers of units It
hides decreasés.

This is what is termed amvariance law The ratio ofcup heightto texture units is an
invarianti a ratio that does not change It is this invariant that specifies tlsize constancgf
the cup. The event of a cup moving towards us from ondéi@odo another is always
experienced as eup of the same sizaoving across the tabliedespite the growing size of the
cup per se on the retira the cup approachef is this invariant ratio that the brain is picking up
that enables it, asarecons uct i ve wave, to Aspecifyod that t her
across the table.

My first introduction to invariance | aws was t
Laws of I nvariance, 0 by Dr . sitsandrjugt beforeany tinte. Larr
had writtenhis thesis for his PhD in educational psychology under my advisor,ERdohnson.

In the introduction to the thesis, he also acknowledgedfoer o f e s s gor aGa nan asboi usr c e ¢
inspiration. As a physicist, heppreciated the significance of invariance laws, as these are
preciselywhat physicsattempts to discern in the physical worldrry was trying to describe a

gener al framework in the education system which
of invariance in any subjectPerhaps due to my lack of acquaintance with Professor Cannabis,

the thesis was obscure to me, but we shall see thatetvalituallypecame very concrete in the

context of mathematics education.

Invariance laws were fundamental for Gibson. We shall keep meeting them. The
proportional gradients of flow fields and of texture unit distributions are also invariance laws.
Physics prides itself on discovering the invariance laws of the usivédse wt d-nanmiasand
Ei n s tEemcram@ Bwvariance laws. The discovery of invariance laws is the essential endeavor
of science, and in this effort, physicists only model themselves after the method of the brain in
perception.

The Picture Thus Far
We shall see more on invariance laws and the information driving the modulation of the
brainsupported reconstructive wave. This is particularly crucial as we dealinvéh This will
be our subject for the next chapter
What we have seen thus far is that the mdigdat can be viewed as a holograf cosmic

scale. The brain in turn can be viewed as a reconstructive wave passing through this holographic
matterfield, and specifying an image of the field, or better, gipo of this field. The image,
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say, of the cup, isprecisely where it says it is external,in the field This is termeddirect
perception. The modulation of this reconstructive wave is driven by the mathematical
(invariance) information of the extedravents which are occurring in this dynamically changing,
external field. There is much we have not filled in. | will list them.

Firstly, the events of the mattBeld have long since come and gone by the time the
information is processedihhe various areas of the brain with
buzzing fly moving by, for example, his wings oscillating at 200 beats/second, has not only
changed position but has executed many wing beats. Practically, the lakwaysspecifying
thepast More precisely, the reconstructive wave is specifying a past motion or transformation of
the matteffield, in this casgthat portion of the field which is (was) the buzzing fly. How is
specification of thgastpossible? How can we be lookingeapast motion of the field?

Secondly, we must ask, who is looking ¢

this (past) image? We hope our answer is n
fa | ittle man seated e in the
br ai n. @ our dn$wer,i e can expec

Bassui to rush from Nirvana, crack us sound Reconstructing wave set
about the shoulders with his kyosaku ar — |||
— A
&

Undeviated
waves

command us to redouble our efforts in zaz

(zen meditation). i

\ Downward deviated k oan y O

rs " Hologram
Virtual PlaTeg waves (forming real

image)

he would say, f Whuoarei image  (J
yetcuel ess! o Though f Ay t he
control roomo happe

presented in PBS specials adoringly recounti

the achievements of our current neuroscier _

of vision, it is an answer we must avoid. It Figure 1.10. No homunculus allodie

called the problem of thehomunculus

(precisely, Al i ttl e infer wdnow needlike theiOsgstgeest displafy,i ni t e r
a second Ilittle man inside t he&hisfwasrttetimplicii tt | e ma
difficulty with Pri br ambds proposals where an i mage is som
hologramlike brain. But who now looks at the image? We would now need a theory of an

Ai mage pMoceusont h@& problem equivalentl ye we mus:
of holographic reconstruction (Figutel0). In essence, we have yet to understand how the

relation of subject and object is in termgiofe, not space.

Thirdly, we must addregbefi g u a prabland, the origin of thqualitiesof our experiencé
t h bluerfiesd o f | atkhee, the fArustl|Tmigd ol artdh ep rloebal veenso.
formulation of aspects of the problem of the origin of the image of the external .woiltie
problem of he origin of the image of the world has been pondered since the GreBis even
this history of thought in the problem of perception and its image of the world seems to have been
forgotten by modern philosophyThe image clearly has qualities of colorBut the changing

foomscomposi ng t he i magfer,otbeaet iidng MNbouwked wsgwayel | li esv e s
unique qualitiesignored by philosophy. Ignoring the coding problem yet involved, as we have
seen, forms (thus objects having form) are thou

vision. This isa distortion based on an incorrect conception of fimeconceptiortorrectedong
ago by Bergon. But philosophy assigned Bergson to the dustbin long before his death. He in
turn was too diplomatic to take them to task as would have a Bassui.

Fourthly, we must explore the i mpl ifdraali ons of
actiono | have given this short shrift her e. We h
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used by or fAget intoodo the action systems of the
in this, implications unto the possibility of action iteaxed time

It is to these questions that wal turn next
Where We Are Going

| have swept us up into the problem of perception. What we have seen is that to explain
perception, our model of the brain, which | have just begun to, paiost be vastly, profoundly
different from the computer model of mind. The story is actually far worse yet for the computer
models, and | will put the finishing touches on the perception aspect of things in the next chapter.
What wehave seen andill seeeven moras that perception, which is to say, @uperienceis
not occurring solely within the braih If experience is not occurring solely within the brain, then
it cannot be solelgtoredin the brain. Contrary to what is to all practipalrposes a dogma, the
brain cannot be the storehouse of experience. This means that there must be an entirely different
model of memory f ar di f f er endn-tthlearrtah en 0f sntoaddredgd hat t he
network models presume. Yet thotugbr cognition) obviously employs elements of our past
experience. The nature of thought too must be entirely different than that envisioned by the
computer model of mind.

We, as human beingsgre far from computeike robots creating widgetsvhether it be
software widgets as in my own former workplace, or dress designs,cnorie switches, etc.
In fact, we shall see, the computer model &lasolutelyno clue how we create widgets. Also in
fact, evolutionary biology is similarly cluelesas to how theniversecreates widgetsbe the
widgetsbutterflies walruses or brontosauiMWe shall see that ¢hmist of the robotic image of
manthat we have all been breathing in, and impliarifusing inusviewson the nature of mind
and brairand manis saturatedvith falsehood.
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Chapter I

Time: The Mystical Perception of Stirring Spoons

| came to realize clearly that Mind is no other than mountains and rivers and

the great wide earth, the sun and the moon and the stars.

- Sonco, Zen Master, 1688703.

For where is the borderline between percei
do percepts stop and begin to be memories, or, in another way of putting it, go
into storage? The facts of memory are supposed tcebaimderstood, but these

guestions cannot be answered.
- J. J. Gibsoh

The Wobbly Cube

How dowe see th@as®? How is this even possiblef?
begin with a simple demonstration of the importance isf t
guestion, and therefore, of the importance ofréiation of
the brain to time. Bob Shaw, who deeply appreciated
problem of time, presented the demonstratiorhis little
seminari n the 19700s. It in
wire edgesand rdating at a certain speed. As the cube
rotating, it is strobed periodically with a strobe light.

Arhythmic, Qut of Phase

5

Rhythmic, In Phase

constr u

A cube, as it rotates, e -~ armed a i
period. o In the case of Figure2.1. Rotating cubes, a period
cube is completely carr i estrobedinphasewith,oroutof>r fAmapp

every 90 degree turn as it revolves. An equilateral triarphase with, the symmetry perioc
would have a period of three, being carried into itself every
120 degrees. The form of the cube is unchanged or invafitenevery 90 degree turn. The form
of the triangle is unchanged or invariafter every 120 degree turnSymmetry, it should be

understod, is simply another word fanvariance

L

How the strobe relates
is critical. The strobe can be in phase with the symme
period or at an integral multiple of the period. F
example the cube can be strobed 4 or 8 or 12 times
complete revolution (4 timesfevolution =1 x 4 or a
multiple of 1, or 8 times/revolution =2 x4 or multiple of
2, or 12 times/revolution =3 x 4 or a multiple of 3, and
so on. If so,the cube is perceived as indeed a rigid cu
in rotation (Figure2.1). But if the strobe is dtof-phase
not at an integral multiplefor example, 9 times a

- PR B - -

Image Translationally

Memory

Invariant Features

RN

\_. Fork Vertex

n, W~k
L hL\'erte)

—_—

\ @ﬂfur\'ed T Vertex —

ﬁ @ﬂ\' Arrow Vertex — ¥
Fork Vertex — "

L Vertex ————, Object
Curved T Vertex —— \Label

/\MA rrow Vertex —

e

@

cymmetry

complete revohesson, st WeFigure 22. Both "objects” have tt
perceived is a distorted, wobbly, radgid, plasticlike same features, and therefore woulc

object. The st an diahe dtraight recognized"on the basis of a featu b e
edges, the sharp vies, the rigidityi are goneé. match
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The fAfeat urieseailgevdnd varticésard mormally held to batrinsic to the
object. An example of this thinking can be seen in a neural netvwooklel for object
recognition, a model named JIM. The authors of the JIM model had noted that if the input to the
brain is a set of featurédsedges, vertices the features can be reassembled in many ways that
stil | (Fgwa?22).Wb at 6s srthesngd pictgre on
the top of the puzzle box that allows the brain to put the pie -
together in the right way. JIM proposed just such a picture,
it came i n t he form of e ms t er me
Examples of a geon arengedge,a brick, acone The JIM neural
network linked the features to fageon cellp preserving the —
spatial relations, and supporting recognition of the object. - — —/

This is a static conception of form. It collapses in the face
of Shawdés demonstration. EFigure 2.3. The flowasafl:f the cu
equivalent to a snapshot of the cube. In the snapshot shou,gtates towards the observe
the information for the vertices and edges of the cutéth
each snapshot, the network would transmit this information to the geon cell, and the brain would

perceive a cube. But Shawds demonstration shows
As far as the brain is concerned, there is not enot
information in a snapshot for a cube. This is because,
shall see, to the brain, there is no such thing as ,ﬁ:;: -
i s n ap sThe concépt of a snapshot is based in f;;fé'i‘{&?‘;g
complete misconception of time. EEEEEE“;;%'
What is so important about time to the brain, CI';

aboutinformation over time? We return to flow fields
The flag of Figure2.3 is rigid and stiff, and it is rotating
towards us. As the flag rotates, there is a flow field oFigure 2.4. The Gibsoanh Cube

the surfaceof the flag. As it rotates towards us, the flow

field expands (the velocity arrows get larger the closer to the eye). As it rotates away from us, the
flow field contracts. A AGi bsoniand cube woul
2.4), with flow fields for each side anon the top. As a side
of the cube rotates towards us, the flow field expands. As
side rotates away, the flow field contracts. The top surface —

/
the cube is a revolving or ///_.
yd

Aperture

w field.
Wh a't are the fAedgesod or :

a Gibsc
They are merely sharp discontinuities at the junctofabese NN\
fl ows. I n vision, the dAf. objects
creaturs of time and of these flows. Even for a statiFigure 2.5 The aperture
stationary cube, the eye is actually in constant motion, darproblem. The card with the
over the cubepicking up information over its own, eyeeated, grating is moving to the right,

flow. and passes beneath the card

_ ) with a circular aperture. Only
Current perception theory relies deeply on these flowdgownward motion of the lines

velocity fields to explain how the brain specifies forr8ince (and the velocity of this

the fields are moving, there are twacertaintiesintroduced, motion), and not the rightwart

making the whole process very probabilistic, very muis seen in the aperture.

guesswork for the brain. The first source of uncertainty is

termed the fAapertur eo litperrexdplive frelds mappihgeintoghe brailthp as a s«

—_—

Grating
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but each of these fields limitedT an aperturé covering only a certain circular portion of a total

flow field. The velocities of the flow cannot be estimated with certainty due to the limited view
of each field Figure2.5 shows the problem. The card with the lines is mg\m the right, so

the card and its lines actually hasharizontal velocity. But when the card passes under the
limited aperture, and the ends of the lines are obscured, only a downward motion of the lines is
seen. The aperture forces an inherent uaceytin measuring the actual velocity of the lines.

The secondource of uncertainfyas we shall explore

later, is simply that no velocity can Iiestantaneously .::"’""}/
fixed in the first place due to the very nature of motic (\ “,
The brain must do the best it can to specify formll \ %
form is an optimal specificationbased on the best X f
information available. Another example of this is ‘Y sf
Mu s s at i 6 Bigure R6) wheré wenhavé a rotating -~ N
ellipse. Each point on its perimeter can be conceived - iy
following a path, or vectemwith a certain velocity (the g Ay

little arrows in thefigure). At a high enough velocity o~ , _

rotation, the ellipse also becomes a -nigid, wobbly Figure 2.6. Arotating ellipse come
figure. As perception theoristd\Veiss Simoncelliand & Norrigid figure at sufficient
Adelman argued in their foundational work on thivelocity of rotation. The velocity

model, even Aillusi ons,6 ovectors(ontherimtendtoinduce , \oph |
areoptimal specification$ this nonrigidity.
The existence of illusions has been an argumen

brain, 06 that indieat,tha wea aremaot actually seain the object but rather some
internal image, mysteriously generated by the brain. This is not true. The specification of form,
via the reconstructive wave of the brain, is nevertheless a specification of the past traizgfermat
of theexternalmatterfield i given the best available informatiomhe object/form is right where

it says itisi in the external field. As an analogy,rmimprecise reconstructive wave, comprised of
components of frequency 1 and frequency 2, migste | ect 6 and speci fy from
the hologram plate a composite, blurred image of both the pwtaatlidnd the cup of Figure

1.4. This is actually an optimal specification todhis does not mean that the composite image is
an fi |dsutsiloencdoa |y s eeye goint of mewa weG&mow thature f; would produce

a pyramidball, or apure f, would produce a cup. The composite image is alst equally
legitimately available from the information in the hologram.

The eye jumps to various points in the scene (or on the cube) in movementsaediades
During each jumpin the transition to the next point,takes in no information, yet the world
with its rotating cubein front of us,does not shut off and omtermittently with each saccade.
How, says the argument for indirect perceptioould we be still be looking at the actual cube?
So, the indirect position holds, the cubes s t be onl y gweddmnohseectmemeall 6 1 mag
cube, external to us, irpace But thebrainasreconstructive wave does not cease during a
saccade; it continues to specify the rotating dukight where it says it is, external to the body, in
space.

The Scale of Time
If flowing velocity fields are the basis for form, there is yet another factor profoundly
influencing our vision of these for ms. This is

our scale of time. Why does tiheizzingfly, as we see hi in our normal worldnot look like a
heron, slowly flapping his wings?  Or perhaps like a nearly motionless fly, whose liquid
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crystalline biological structure we can almost see vibrating? The brain is imposing a scale of time
upon the mattefield andthe events within it.

The brain is conceived as a hierarchy of levels. These range from the atomic, to the
chemical, to the molecular, to the neural. Each is inclusive of the other. But despite these
conceptual Al ev el sacoberentdystemiba cbahge @ iore &Vel changad the |
whole. If we focus on one level, namely the chemical, we see that underlying the neural
processes of the brain are chemical floavel these flows have wlocity. There is, in other
words, an underipng set of chemicabelocities. These velocities can be increased or decreased.

A catalyst, by orienting the appropriate nuclear bonds, can enable a chemical process to move
more quickly, requiring less energy. What would happen to our vision were intecduce the
appropriate catalysts or set of catalysts such that all chemical velocities are increased?

Before we introduce our catalysts into the brain, let us ti -
a cube that is rotating slowly, and gradually increase the sy
of rotation. The cube will transition through a series of fori

with increasing numbers 27f FN f?M\\dges as
We have started from a figure of felmld symmetry (period = *Z\\ //i* §\ /ré
4), and transitioned through figures of-#idd symmetryi 8, 5 > ¥,

12, 16, etc., (as nincreafes o m 2), ABa highitedough

rotation speed, we eventually perceiveydinder surrounded

by a fuzzy haze (aytinder/circle is a figure of infinite Figure 2.7 Successive

symmetry). With our cube in this spinninfyizzy cylinder transformations of the rotating

form, let us now gradually increase the chemical velocitiescube (2D view) through figures

the brain via our catalysts. We would expect to see of 4nfold symmetry as angular

spinning cube transon in the reverse order of Figu&7, velocity increases.

through figures of (decreasing)4old symmetry(24, 20, 16,

12, 8) until, assuming a certain strength of catalyst, we are

again perceiving a cube rotating sl owl,is. Wer e
wings would gradually sl ow u#tikle, opesdmapy, filtaprk
wings We have changed the tiseale of our perceptual world. We have also gradually
changed the fAqualityo of both the cube and the f

Wehae now entered a realm atalmegpuy $pedali bhe dcbé
Relativity. In relativity, as one observer (perhaps in a rocket) moves at increasingly higher
velocity relative to another who is stationary, the rockdét s e r v e redasd tithé snttsa n ¢
change. That is, his spatime partition changes. It is only invariance laws that hold across
these partitions.With an adjustment of space units and time unitse lawd=vt (distance =
velocity x time) holds in the spadéne partitons of both observers. Invariance laws are the only

real ities of [Ehemg&tiaace law, $ ow spinning cubeecase, is a figure -of 4n
fold symmetry in every perceptual spdce me partiti on as the brainbs c
Thisisthedeeper significance of Gibsonébés insistence

time partition, 6 as we have jduesotchasgesachemical s al so
velocities If it is possible in principlewe must assumeature has allowed for ,itand in so

doing, naturemust rely on invariance laws to specify eveni&he frog watching a barely moving

fly the frogis about to zap effortlessly with his tongue, the chameleon about to do the same, the
chipmunkscurrying by,each with much higher metabolisill live in quite different space

time partitions from ours, but all perceive by the same laws of invariance.

Now let us do another thought experiment on the relativistic implications of all this.
Imagine tvwo observers, Mr. A and Mr. B, sitting side by side. Both are watchlngzaingfly.
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In Mr. B, however, we have introduced our catalysts, increasing the chemical velocity of his

neur al processes. For both A atofitheBlynanticallg r azor 6
changing mattefield we call the universe, is the same. Mr. A, in our normal spaee
partition, sees the wusual i b u-beats/seaprid hdvé feen wher e
resolved into a blur. Mr. B, with process velgdiicreased, sees a fly barely flapping his wings.

What Mr . A s é& busdredssof wing beetscellapgset as a blus vastly in the past

for Mr. B who may be focused on the very laéhg beato f t he whol e set compri s
Haveall these precedinging-flaps ceased to exist for B? Then why not for A?

Finally, let us take this transformation on Mr. B, wherein we are raising his velocity of
processes (or his fAenergy stateodo)theflybarelyt s | ogi
flapping his wings. Continue raising BO0s energ
that occur eventually at some point.) The fly becomes immobile, then is perceived in its liquid
crystalline, vibrating structure, then becomesemsemble of electrons whirling, thepinning

quarks,etc.Fi nal |l y we arrive at whiathe siallestoamagirdhblet er m t h
scale of time. This scale looks nothing like our normal world. At this null scale, Mr. B and the
fly are simply fphaseso in the shakhmeedto bviedys t , dyna

return to the null scale later.
The Relativity of Virtual Action

I n Bergsonds s uc civimwaltactipnh Sahe wquld lpegim hisargumenb n i s
in Matter and Memory

[Objects] send back, then, to my dyp as would a mirror, their eventual
influence; they take rank in an order corresponding to the growing or decreasing
powers of my body. The objects which surround my body reflect its possible
action upon thenr.

One must reflect a moment on timeaning of this statement, gaze around the room, note the
myriad of objects arranged at various distances from the body. The increasing distance of some
from the body, if nothing else, represents an increasing time just to move to reach them. As well,
various objects represespatial manipulations bthe bodywith each, from forks, to lamps, to
books, to tables, etc. The possible action pravadform ofselection mechanismelative to the
vast field of matter in which the body is embedded. We must recalBérgson visualized the
uni ver sal field of mattoerAnays ga vweas t" ofbijelcd "o fa cfi rs
objects in the field, and is in turn acteponby all other objects|t is in fact obliged:

...to transmit the whole of what it receives, to oppose every action with an equal
and contrary reaction, to be, in short, merely the road by which pass, in every
direction the modifications, or what can be ternredl actions propagated
throughout themmensity of the entire univer§e

As Bergson argued, for all organisms in this
passes through, t Hdthebraintsasetonsauctivd wave passnmtarougls . 0
this holographicmater-field, there must béhis principle of selection from the vast amount of
information the real actionsj n t he Ahol ogr am, modulatibntof thet el vy f o
reconstructive ave.

We saw earlier that the visual areas of the brain, V1\hiare interconnecteanodulating
each ot her (@resentmndoaodthensselvesnodulated by connections from the motor
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areas.Indeed a large number of recent findings have reinforced the general concept that the
objects and events of thgerceived world are in a real sense mirrors of the biologic action
capabilities of the body while the appreciation of the importance to visual computation of re
entrant connections from motor areas to visual areas has also grBuinthe implications are

more radical than currently understood.

There is aatio, known astau, that exists oveflow fields. For
the record only, it is defined byaking the ratio of the surface (o / %
angular projection) of the field at the retina, r(t), to its velocity

expansion at the retina, v(t), and its time derivativéor a bird Ve
coming in for a landing, this value specifies the severity of impe ‘//
and the brd can use it to modify his flight antteate a softanding. 7
For a pilot, it is essential in landing a plagfégure 2.8). As the

coffee cup is moved over the table towards us, taisvalue Figure 2.8. The Tau valu

specifies time to contact and provides information for madihga existing over a flow field i

the handtograspthecup.au i s an exampl e g¢q byapilottoguideiﬁ or mat i on
the |lighto that must be Utiltheplane. action
specify possible (virtual) action.

Earlier we considered the eftscof introducing a catalyst into ttinemicalmakeup of the
body/braind y nami cs, with ef f e ctimspantionotliimtee pgsshilityefpt u a l fi s
the fly becoming a herelike fly, slowly its flapping wings, we already previewed the relatiii
aspect of this principleThe fly is always presented to us at a certain scale of tibhed. us
complete the implications, for the tirsealing of the external image is not a merely subjective
phenomenoii it is objective, and has objective consequsnealizable in action.

Let us picturea cat viewing a mouse
traveling across
(Figure2.9). As wehave seen, there is ¢
complex, Gibsonian structure projecte
upon the catds ret
density gradient over the surface betwe!
mouse and cat. The size constancy of t
mouse as it moves is specified by tr
constant ratio of texture u8s it occludes,
while the tau value is specifying the
impending time to contact with the moust¢
with its critical role in controlling action.
All this and much more is implicitly
defined in the brainds fAresonatingod visual
and motor areas. How is thdammation
related to action we must first ask? Figure2.9. Hypothetical function describing th

minimum velocity required for the cat to interc

Michael Turvey, a great theorist of the mouse at D.
perception and motor action, described
Amaspri ngo model of the action systemsis For e
conceived as the release of an oscillatory spr
Adampi ngd par ame tpeimt @and vegoeitg dffsych apting system.d These
constitute Atuningo paramet @resumiongtpar ameti ®mns s
the hanearm to release at certain velocity and stop, just as a coiled Spring.

V,\Ii]l

xtur e

Texture
Gradient
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The track (ABCD) along which the mouse runs ptr
Figure2.9). For computing the velocity of the mse, we needvelocity = distance/time. Here
the distancdd) being traversed on the retima equivalent to h (the track/line projected on the
retina). But if we wish to usén for distance in our equatidn obtain the velocity of the mouse,
we haveanambiguity § mi | ar t o the probl e mFygurel.h(CHamer kel ey d s
), we can move ik horizontal trackalong which the mouse runsiem closer to the cat, yet the
horizont al projection (h) Anynumbeeof suechtmitedtrackse t i na i
at various distances project similarly tp h is always the samelo solve for the velocity of the
mouse, he needed muscelpring parameters must be realizéidectly i n t he cat ds musc
structures via properties of the aptarray, e.g., the texture density gradient across which the
mouse moves and the gquantity of texture units he occludes.

At our normal scale of time, we can envision a functorcurve(in Figure2.9) relating the
minimum velocity of leap (V) required for the cat to leap and intercept the mouse at D as the
mouse moves along his path. The closer the mouse gets to D, the faster the cat must leap, until the
minimum velocity is so high, it becomes impossiblBut to computethe velocity of the muse
the body needs one other critical thing. It needs a standard of time.

A physicist requires some tirgtandard to measure velocity. He could use a single rotation
of a nearby rotating danskllab assistteéretansarreitiodsly e cond. 0
double the rotation rate of this disk, the phys
halved,for examplefrom 2 ft/sec. to 1 ft/secThe body must use an internal reference system
Similar to the rotationaVelocity of the disk, his internal system must be an internal chemical
velocity of the body Sucha systenis equally subject to suchi s u r r e gharngésiWe naded
thatthese velocities calme changed by introducing a catalyst (or catalyists) ogeration that can
be termed, in shorthantmo d ul at i n gendrdy stateb |6 Idrgisgé sle energy state, the
function specifying the value of M, for the cat must change.There is a new (lower) ¥, or
minimum velocity of leapdefined along every poi of the object's trajectory, and therefore the
object,if perception is to display our possibility of action with ecological valjdityst appear to
be moving more slowly. The mouse is perceived as moving more slowly precisely because it
reflects the aw possibility of action. If this were not the case, we would be subject to strange
anomal i es. The cat would | eap | eisurely; t he n
would not be ecologically valjdt would not specify the appropriate action available.

If the fly is now flapping its wings slowly,
the perception is a specification of the action nc
available, e.g., in reaching and grasping the -
perhaps by the wintip. In the case othe
rapidly rotating cylinder with serrated edge e, §
(once a cube), if by raising the energy sts
sufficiently we cause a perception ofcabein LN
slow rotation, it is now a new specification of th O 40_, D
possibility ofaction e.g., of how the hand might
be moduhted to grasp edges and corners ratt
than a smooth cylinder.

Figure 2.10. Aging of the facial profile. ,
Again, the requirement comes to the focardioid is fitted to the skull and a str
for invariance laws holding across these spatransformation is applied. (Strain
time partitions of perception, in the rotatingquijvalent to the stretching of the meshes
cubeos dnasiant figure fok 4nfold coordinatesystem in all directions)) Sho
symmetry In any Parare a few in the sequence of prod 0S
generated.
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modulation is guided by the sanmvarianceinformation across partitions. As another illustration

of this point, we can considend aging of the human facial profileThisis a very slow evenni

our normal partitior(Figure 2.10) As Pittenger and Shaw showed, the aging transformatian is
strain transformation upon a cardiib(a heart shapefigure). We could imagine thiagingevent

as greatly sped up, perhaps as though for a Mr. C whdsdimed much lower energy state where
lifetimes pass very quickly. For Mr. @atching another human, tliead is transforming very
quickly. Yet, for Mr. C, the aging event is specified by exactly the same invariance law, and his
action systems will usne same informatioshouldhe reach out to grasp the rapidly transforming
head.

That perception is the display of possible action, that a Hikiily specifies thepossibility
of grasping it by the wingip 1 this is a testable implication d¢he principle of perception as
virtual action. The theory described here naturally generates it. | can think of no others that do,
though in retrospect the implication will seem obvious. For the computer model of mind, it would
merely be an ad hoc afthought ot h e o regcycie@not fihat the computer model can account
for the image of the external world in the first place, let alone its scale of time. This is not to say
t hat our current wunderstandi ng rowillbeehsy, buiitbeat al yst ¢
prediction is testable in principle nonethel&ss.

Time-Extended Events

The specification of the scale of events and the form of events are fundamental aspects of

guality (or qualia) i n oo nfslcyi oiuss opreer-lkeetlya |i iotny. , tTl
another. The wobbly natube is one quality, the rigid cuierotation, another. Were the cube
the color Ared, o Mr . B would be seeing a more f\

(400 billion/secod) oscillations and developing waves of the electromagnetic field supporting
thisredcolor. Philosophers of consciousness ignore all this in their search for the explanation of

t he Aqual i éndruthy the examplésave have been discussing ¢drerform reduce
certainphilosophical conceptions of qualiwhere qualia argirtually akin to little atomsfo an
absurdit"*' One wonders what #fAform qualiad could be, o

there Aqualiaodo for e vuthgre ipsomsethinghyletenors uraamentab f t i me
beingignorad. We must explain how the brain specifiese-extendecventsi it at i ngo cubes,
Abuzzingo flies, or t This is fosay ng meetgtile questianeoshowo f v i o |
perception can be of thmast

A favorite answer is that the brain takes samples of the cube as it rotates and stores these in its
memok. There are many problems with this. If the brain stores a series of snapshots of the
rotating cube, it has stored a setrofmobilepictures, as though we have laid a series of snapshots
out, in order, on a desktop, just sitting there. Howwdanowaccount for the motion? By some
form of internal scanner scanning across the snapshots? Then wegeharether infinite
regress. We would now need to explain how the scanner perceives motion.

Another problem is presented by the strobed,tiracube. The cube is seen as indeed a
cube only when the strobe is in phase with (or at a multiple of) its symmetry period. A sampler
would need to be predj ust ed to the cubebs symmetry perio

S

wobbly cube. This would req@é ESP oprec ogni ti on on the sampl erd p a
were two or three cubes rotating at different rates?

Discarding sampling as a possibility, another explanation is simply to assume a natural
fitime-extensiol of the neural processes. Somehow, the neural processes computing the form of
the rotating cube | ustarefusbxokes &and continuous enaligtoro | ong e
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us to see a NAr oa seties oigsiantaneous snapshotehereepchsmapshot

exists only by itself, the previous snapshot having just disappedred.t 6 s | ook at t hi s,
process as it is. The brain is part of #wer transforming, ever changingptterfield. What is

the timeextent ofthe fimatteo of this field? Is it one nanosecond?n® second? One minute?

One year? One centuryThe fact is, v think the brain musstore our experience precisely

because the mattéeld hasno extent backwards intothe past. Time is seen as a series of

instants. Each psent instant falls away instantly into rexistence (into the past) as the next

arrives.The past is, byhis definition, the norexistent The brain then only exists for an instant,

an instant in which it must store the present. How long is this if?stia@t us consider where this

concept of théiseries of instanéscomes from.

Abstract Space and Time

The concept of tn lalestradtdpaces dnd timeB et geendan wi si on o
world, before the abstraction, is deeply concrete and vastly connected:

Matter thus resolves into numberless vibrations, all linked together in
uninterrupted continuity, all bound up with each other, and travelingyénye
direction like shivers through an immense body. In short, first try to connect
together the discontinuous objects of daily experience; then, resolve the
motionless continuity of their qualities into vibrations on the spot; finally fix
your attentionon these movements, by abstracting from the divisible space that
underlies them and considering only their m
vision ¢4 matter é

Abstract spacehe argued,s derived from the world of separate "objects" gradually
identified, ironically enough, by our perception. It is an elementary process, for perception must
partition the continuous, dynamic field which surrounds the body into objects upon which the
body carmacti to throw a "rock," to hoist a "bottle of beer,"gor asp a Acubed which i
This fundamental perceptual partition into "objects" and "motiorst'a particular scale of time
we should notéd is reified and extended in thought. The separate "objects" in the field are
refined to the notion ahe continuum of points or position®©ne can visualize this continuum as
your desktop, where the desktop is comprised of row after row of little points, from one end to the
other much like the gradient picture of Figure 1As an object moves across this continuum, as
for example, my hand moving across the desk from point A to point B, it is conceived to describe
a trajectory i a line1 consisting of the points or positions the hand traverses. Each point
momentarily occupi@ is conceived to correspond to an "instant” of time. Thus arises the notion
of abstract timé the series of instantsitself simply another dimension of the abstract space.

This space, argued Bergson, is in essence a "principle of infinitsibdity.” Having
convinced ourselves that this motion is adequately described by the line/trajectory the object
traversed, we can break up the line (space) into as many points as we please. But the concept of
motion this implies is inherently an infiei regress. To account for the motion, we niust
between each pair of static points/positi@ires., immobilitie§ supposedly occupied by the object
T re-introduce the motion, hence a new (smaller) trajectory of static poatdsnfinitum.

The nstant, as simply another form of space, is infinitely divisible. By the logic of abstract
space and timehe very logicwhich motivates our theoretical needstore past instants in the
brain in the first placethe instant over which the brain has meiextent is divisible unto the
smallest period of time possible, ultimately to a mathematical point. This mathematical point is
the actual extent in time of the neural processes of the brain, or equivaltéglgictualtime-
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extent of the brain as matteThe neural processes of the brain can only be static instant after

instant after static instant, each with the extent of a mathematical point, each disappearing as the

next arrives.There is no way to be consistent with the logic which drives us to store memory in

the brain in the first placethat neural processes are continuous enough to support the perception

of a Arotatingo cube. Yet there i sorsmapshaasily u:
storage holding area, or whatever, that works for explaining our ongoing vision of the rotating

cube.

Motion as IndivisibleT or Primary Memory

Motion, Bergson argued, must be treatedrabvisible He noted that the ancient Greek
philosopher, Zeno of Elea, had created a set of four paradoxes based on abstract space and time,
precisely to stick the noses of his contemporaries into the problem. There is a mythology that
modern philosophy and/or mathematics has done away with ttikepr, Bertrand Russell being
one example. Russglindoubtedly to the shock of Zermgtually accepted the fourth paradox
(where a motion i s deas actuaphysicardaléy, tdoagh imnlfaetit of it s e
has the same root cause as the other three, and changed his position about the rest at various
times. The paradoxes are still very much operative beneath modern thought.

A famous one is Achilles and the hare. Chasirghthre, with each step Achilles covers half
the distance between himself and the hare. The hdigtahces get smaller and smaller, but no
matter how smal | t he hal f, there is always a bi
of t h e Zeao notedwhatdhe arrow, at each instant of time in its flight, corresponds with a
stationary point in space. As such, argued Zeno, the dimever move®. These paradoxes of
Zeno, Bergson held, had their origin in the logical implications of anaabsipace and time; they
were Zenobs attempts to force recognition of t |
cannot catch the hare, it is because we view his indivisible steps through the lens of the abstract
trajectory, the line or space eachpstovers. We think of the abstract space traversed. We then
propose that each such distance can be successively hahfadtely divided in other words. In
the paradox, Achilles never reaches the hare. But in the concrete world, Achilles mames in
indivisible motion; he most definitely catches the hare.

The abstract conception of space and time, however, is even further rarified. The motions
are now treated a®lative, for we can move the object across the cantm, or the continuum
beneath the object. Motion now beconmamobility dependent purely on perspective. Adal,
concrete motion of the mattéeld is now lost. But, Bergson argued, there mustela¢ motion.

The universe, the entire matféeld, must dynamically change and evolve over time. Trees
grow. Flowers bloom. People get older. Mountain ranges appear. sBitaved anddie. He
would insist then:

Though we are free to attribute rest or motion to any material point taken by
itseff, it is nonetheless true that the aspect of the material universe changes, that
the internal configuration of every real system varies, and that here we have no
longer the choice between mobility and rest. Movement, whatever its inner
nature, becomes andisputable reality. We may not be able to say what parts of
the whole are in motion, motion there is in the whole nonethEless.

We must, he argued, view the entire matieeld as aglobal motion over time. We must see
thewholec hangi ng, he argued, fas though it were a Kk
object X is at rest, while individual object Y i
partitions, phases in this globally transforming field. Assutlket imot i onso of HAobj ec
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aschanges or transferences of statéppling waves within the dynamic motion of the whole.

The motion of this whole, this "kaleidoscope" as Bergson called it, cannot be treated as a
series of discrete statesr fi i .o RatharnBergson would argue, this motion is better treated
n terms of a mel ody, t h mterp@netate eaghoother,fthe aurénc h  per r
noteo being a reflection of the previous notes
succession without di stinction, o a motion whict

i
n

From this perspectemery.t h@rlet iiss adididptsed pnar tyy mo f
and of its melodic motion. This primary memory underlies the motion of the rotating cube, even
the motionor flow in the neurons of the brain. The motion of the field, of which the rotating
cube isjust a phase, does not consist of discrete instants that fall away into the past, or into non
existence. For this reason, the brain, with its reconstructive wave, is perfectly able to specify a
past transformation or motion of the mattiedd. The waveaca speci fy HArotatingo
isi ngingd notes of wviolins. We are al ways Vvi ewi

Physics and the Abstraction

Abstract space/time is a fAprojection frameo f
practical action. The theoret al wor |l d of physics became a popul
from Apointo to fApointd in the abstrahsts space,

classicalspace and timelt is also, unfortunately, still the time of relativity theorfor physics,

the effort to break from this projection frame has been very real. To Betgsarheory of

matter is an attempt to find the reality hidden beneath...customary imagels arg entirely
relative to our needs™ For physics, the fAcustomary i mages?o
ultimate barrier.

What is a "particle," Bergson asked, but the extension in thought of this bodily perceptual
process by which usefulobjects" be it spoons, coffee cups or bottles of baeere first
identified in the whole. It is a concept derived purely for practical action which will never,
imported into the realm of pure knowledge, explain the properties of matter.

But the materiality of the atom dissolves more and more under the eyes of
the physicist. We have no reason for instance, for representing the atom to
ourselves as a solid, rather than as a liquid or gaseous, nor for picturing the
reciprocal action of atomsytshocks rather than in any other way. Why do you
think of a solid atom, and why of shocks? Because solids, being the bodies on
which we clearly have the most hold, are those which interest us most in our
relations with the external world™.

Thus, from a population of theoretical particiemuons, gluons, leptorisphysics eventually
moved to fiquar ks. 0 But the quarks, with their
and we are asked to abstract from the spin state of a quark al heasing an abstract
mathematical point with its value of "spin." Below this now are postulated the "strings,"
inconceivably small violin strings as it were, whose harmonics give rise to the whole of the field
of matter. And thus, in the end, contentiplg the dynamic movement of this field:

...they show us, pervading concrete extensity, modifications, perturbations,
changes of tension or of energy, and nothing 8lse.

Simultaneously, the concept oftiajectory of a moving object also faded. This no longer
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exists in quantum mechanics. One can determine through a series of measurements only a series
of instantaneous positions, while simultaneously renouncing all grasp of the object's state of

motion, i.e., Heiseber g6s f amous principle of wuncertainty.

comparison of Bergson to current concepts of physics, the measurement is attempting to project
the motion to a point in our abstract continuum of points or positions, buiirig do, we have

lost the motion. Thus Bergson noted, over forty years before Heisenberg, "In space, there are
only part%of space and at whatever point one considers the moving object, one will obtain only a
position"

The physicist, Laurent Nt@le (Chaos and Solitons simply notes a proof (by Richard
Feynman) that the motion of a particle is continuous but not differentfatdence, he argues,
we should reject the long held notion that sp@me is differentiable. He opts for a fractal
approachi indivisible elements which build patternslhe essence of differentiation is to divide
(say, a motion from A to B, or the slope of a triangle) into small pdittés operation is carried
out with smaller and smaller parts or divisionsis understood that the divisions can be infinite
in number, infinitely small. When the parts or divisions have become so minute, we envision
"taking the limit" of the operatiofi obtaining the measure of say, "instantaneous" velocity, or
slope, etc. To speak of nordifferentiability is to sayi "norrinfinite divisibility." We have
something indivisible. To state that spadame is nondifferentiable another way, we may say
the global evolution of the mattéield over time is seen as nalifferentialde; it cannot be treated
as an infinitely divisible series of states.

Lynds (Foundations of Physics Lett¢nsow argues, echoing Bergson, that there is no precise
static instant in time underlying a dynamical physical protesk.there were suchmotion,
changes in the magnitude of forces, momenta, etc, would not be possible, as all would be frozen
static at that precise instant, and remain that way. In effect, such an instant would imply a
momentarily static universe. Such a universe (shafles @ e n o Gtsat daes nob moyes
incapable of change, for the universe itself could not change to assume another static instant.
Consequently, at no time is the position of a body (or edge, vertex, feature, etc.) or a physical
magnitude preciselgletermined in an interval, no matter how small, as at no time is it not
constantly changing and undetermined. It is by this veryifdlat there is not a precise static
instant of time underlying a dynamical physical process or motihiat variation m magnitudes
is possible; it is a necessary tradeofbrecisely determined values for continuity through time.

It is only the human observer, Lynds notes, who imposes a precise instant in time upon a physical
process. Thus, there is no equation of msysno wave equation, no equation of motion, no
matter how complex, that is not subject to this indeterminacy.

With this view, there can be no static form at any instant, precisely because this static instant
does not exist. The brain cannot base its computations on something that, to it, does not exist.
The brain is equally embedded in the transformingtenéield, i.e., it is equally a part of this
indeterminacy. It can only be responding to invariance over difif@mentiable, indivisible flow
or change. Thisnedi f ferentiabl e, indi visible fl ow,
specification okvents with a timextension receding into the past.

The Classic Metaphysic

Wi

tf

Abstract space and abstract time form what a
this metaphysic that resides behind the entire discussion of qualia afdatdeprobled o f
Chalmers As noted, the end r esul that abStract dpace A pr i nc
representseven could we legitimately conceive of an end of such an operation, ignoring the
mat hemati cal hand waauld begat best a mathdmaticay poiat. Atbuchhai t , 0 w
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point, there could exist no motion, no evolution in time of the field. Further, as every spatially
extended fAobjecto is subject to this infinite
end with a ompletely homogeneoudield of mathematical points. The continuum of
mathematical points then, both spatially and temporally, can have no qualifiedities at the

least imply heterogeneity.e., multiple differences.

That this is indeed thedmework that thejualia debate participants have tended to work
within is attested to by a very common starting point, namely that the ffialtecontains no
gualitiesi objects have no color, there are no sounds, etc. This framework is also bbtrayed
the fact that the vast preponderance of examples of qualia areistatce fAr ednesso of r
taste of cauliflower, the feel of velvet, the smell of fresh cut grass. Seldom are qualities of

motionsever di scussed, e.g.e fddyer aittivamsstd ngfo af wo ekl
cube, the Abuzzingo of a fly. This glaring | ac
that is simply another dimension of the infinitely divisible space line of infinitely minute

pointinstantsi isequal |y compl etely homogeneous. Any fimot

duration greater than a mathematical point, then another point, then another. In fact, then, the
debaters universally fail to realize that the perceived-grients of these nionsi the rotating

cube, the buzzing fly, the whirling of the coffee surface with circling sjpcame equallyqualities

t hat ari se, j ust as problematically as the fist
dimension of infinitely divisible instas in this continuum

The originof the classic metaphysic tracesGa | i | e 0. Galileobdbs cruci al
that the real world is made only guantitative aspects while other empirical aspettshe
gualities of the experienced world ar e somehow created ISlyapefit he | i v
(form) is considered part of the quainmhota ati ve r
quality therefore amh not part of the hard probleml. mp |1 i ci t within Galil eobs
distinction betweerprimary properties andecondaryproperties, the former related to quantity
and Aireal , 0 the | atter related to qeurarsity and

ubiquitously in the statements of the philosophers of consciousness today.
Form as Qualia

Yet, Galileo, as he initiated the classic metaphysic, was even wrong when he assigned shape
or form to his quantitative continuum while thinking h&s excluding qualities therefrom.
There is nothing static in the ev@ansforming material field. Edges, vertices or surfaces do not
exi st in an instant. Nor <col or. Agai n, t her e
this transformmg flux, cannot use in its computatiast whichfor it does not exist. Even form
can only be derived by imposing constraints (invariance laws) over ever flowing velocitytields.

Whi |l e t he e acodinggablerdl i is tas metgebeerhtily understogdavith the
result that i nnumer able Asolutionsd have been g
coding dilemma at their core, tin@sconception of static forns another drag. &ived from the
classic metaphysic and Galilees -and si gn me nt of form ,ibalsb he mer e
underlies a fundamental failure thhe qualia debate participantd his isthefailure to grasp that
the issue being addressed is greblem of the origin of themageof the external fieldThe
arguments here, that the origin of tiadernal image ithe problem, is incomprehensible to them
hence the significance of Bergsonés model of th
time-scaled image of an inherentiyalitativefield is totlly lost upon them. The misconceptian
despite the fact that it was clearly understood by earlier philosophdbored by virtually all
in the debatdoday Martine Nida-R T me $tates it clearly in her essay. She feels forced to
differentiate be ween col or as an MfHNappearance propertyo
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shape, which she says is not such a property (therefore not a qualia pfobléh)seem to

think that the origin of the image of therms (or shapespf the external world is no problem

these are easily Acomputabled and hence the i mac
fail to grasp that the origin of the image of fllemsin the fieldor of the objects in the field is
justasmuchar obl em as the (othéehp fgqgedhiessesdo oot hehay
etc. Noneof these is simply computable. At the null scale of time, the material field, in its

massive, continuous dynamic flux, looks nothing like ithagewe haveof it at normal scale.

The fAbuzzingd fly of our scale is simply a mass
field, at it s nodnimageable ftnsdhe arigia of ousimame of thid field, s

any image, that is the prtgm

The brain is integrally a part of the abstract continuum of the classic metaphysic. Therefore,
when light rays strike objects termed eyes in brain, the abstract, homogeneous motions of the
external mattefield, all reducible in timeextentto mathematical points, simply continue in the
portion of the field called the f#fAbrain.o No wh
continuum, can there be anything but more homogeneous points/inganise have seenhére
can be no actualrtiee xt ent of motions through -exteamged ner ves,
neur al pir thec legical dirmedxtent of any neural process is never more than a
mathematical point, then another, then another. However one views these motions within the
brain, e.g., as maintaining some structural correspondence or isomorphism relative to the always
past transformations in the external field or as the processing of invariants in this structure of field
motions relative t o t henothingdWithisthesbrin,itaken asa pastt e ms , i
of this abstract, homogenous continuum, we can never derive qualities, whether qualities of
objects (colors, smells) or of timext ended moti ons (iisgmation). Wg t hat t
cannot explainhowwe ee a cube Arotatingodo | et alone a fAblI
logically forced, within this metaphysic, into the rphysical, or the mental, or somewhere,
anywhere but the abstract continuum. But the step by which this generation of everdadunt
into another realm can occusjthin the confines of the metaphysiemains a dilemma. The
structure of the metaphysic makes the step impossible, while leaving the nature of realms outside
the structurég e . g . , t hi dorefiemiecapaldel ofefinition or of use to the science that
currently operates precisely within this metaphysic.

The alternative, théemporalmetaphysic, resolves all of this. The tiff@v of the matter
field T indivisible, nondifferentiablei is inherently qualitative. Objects are but flows in this
field. The brain, at a certain energy state, as a reconstructive wave, is specifyingatioasof
this qualitative field at a scale of timér ef | ecti ve of the possibility
scale.

lllusions and Direct Realism

I am compelled here, before we go on, now that the concepts we need are in plaggigeto de
a bit more discussion to the illusions of indirect realiJine subjectof illusions isthe great
sticking point for the hol dfairest redli$madconStaiddlas i s gen
simply seeing fwh a-field,ithss vigwhseuntenable in the fade ef moitiple t e r
lines of evidence. As waave seergiven the inherent uncertainties of information with which it
deals, the brain is in fact computing an optimal perce@n t hi s basi s al one,
specification ofevents in the mattdield is based on probabilities. But to construe direct realism
as implying that we simply see fAwhhattistearneed t her eo
naive realism. Given the inherent uncertainty of measurement, notsing s i mpl y @At her e
Further, as we have just seen, it is always a specification of the past, therefore, already a memory.
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This aspect that ofperceptioralready being a memoilyrequires me to anticipate tinext
chapterslightly. If the brain supports a reconstructive wave thesholographic field, then this
wave is also capable of reconstructing past events in this field. The invdaessoar invariance
structure of a "present" event is simultaneously creatingaeewhat is reconstructive of past
events with similar structure. Bergson thus argued that perception is always permeated with
memory experience (he saw the Aflow of memori es
indistinct words to a song, with bit of a clue, from then on are perceived as "perfectly clear"
whenever we subsequent |nearthetaiin the twvands,sseen © be a The 0
tree stump on closer approach, would also be a reconstructed expenewckised in the
perception. This is already a form of #Afilling
direct realism. Spatial filling in can occur when a blind spot in the visual field (perhaps due to
neural damage, sag,scomata) is not perceived by the sabps an empty area because the brain
fills it in by completing the surrounding pattéfn.A black line containing, in actuality, a small
gap, might be seen as complete. The natural quesi®rasked by the philosopher, John
Smythiesjs how is it posble to say that the area (e.g., the line) on either side of the blind spot is
seen directly, but the gap (now seen as part of the line) is constructed (or seen indirectly)?

The answer i s Aquite easily. o canstructimen easi | vy
directnesso if one | ikes. The perception is al\
reconstructive wave passing through a hologram can specify simultaneously in superposition,
wave fronts recorded dtime 1and Time 2. Wha is specified is always dependent upon a
modulation pattern This pattern may use or embody sgonebabilisticconstraintsor rules but
it is always a specification of a past form of the holographic fieldan easily include material
from memoryi it alwaysdoes. This materiali events ofthe pastcoalescing in the brain as
imagesi is no more generated by the brain than the original perceptions.

Yarrow et al experimented with viewing a silently ticking clock, where, during saccades
(rapid eye movements), the second hand appears to take longer than normal to move to its next
position (as though the hand briefly stopp&dUnder such conditions, objects presented during
a saccade are actually invisible. The visual system appears totlsimufor an instant, but the
brain computes what we would have seen during the saccade. Smythies notes that it would be
most implausible to suggest, per direct realism, that we see directly only when our eyes are not in
saccadic movementBut the answeis that the perception is as direct as ever. Duringliiek
handbs motion relative to a receptive eye, i nf
percept computed, the reconstructive wave/specification is still to the past. During thie sacca
the reconstructive wave does not ceasiecontinues to specify a state of the field based on the
information available and the probabilistic algorithm employed by#ugalarchitecture.

KevinO6 Regan i s si nff Heanotedihai antertiie page oé suirpoending.text
can be changed during a saccade without notice while someone is reading as long ds88the 17
character window the eye is focused upon is undisturbed. He opted to conceive of the
environment as amrBaeéexter rexlpl me mortyhestper si stenc
during saccadesHowever, the scale of time of tHhis fAexte
would an external fly look like the buzzing fly of our scale, or be flapping his wings like a heron
or be a mass of electrons? e\wan better say that the reconstructive wave and/or the pattern
supporting it within the brain is not affected by a substitution of the surrounding text during a
saccade with its minute information gathering capacity (44 bitsP),e br ai nés speci fic
being to the same states of the past.

ObRegands observation was extended funder t h
Experiments demonstrated this dramatically. Under the right conditions, an actor in a gorilla suit
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could walk across a tennis court in the middle of a tennis match which subjects were observing
on video, and yet be utterly invisibl&ubjects were astounded when the gorilla was pointed out.
This led to speculation that our perceived world, in totad, a n ,diapdin] simply generated.

But that the brain chooses not to employ certain information, such that the specifying
reconstructive wave contains nothing about the field relative to the gorilla, is insufficient reason
to call into the questiothe directness of perception.

I should note here how similar the fAinvisible
hypnosis expert, Cleve Blkdger, on stage, gave a hypnotic suggestion to a subject picked from
the audience such that Cleweuld be invisible. To the subjec@levewasinvisible, even tothe
point of being completely freaked out as he observed a cigasbiteh Cleve lit up asfloating
unsupportedwith its smokein mid-air. Again, this can be looked at as simply a moddadr
filtered specification, not something that impltee braingeneratsall reality.

There are other more problematic phenomena. Kovacs et al. constructed two pi&ures
showing a group of chimpanzees, B showing jun¢
foliage. If A is shownd one eye, then B to the other, i
alternation, the subject, as expected, sees A (chim /\//lﬂ\/\/\_
then B (jungle) in alternatio. Two pictures C and D ;
were also constructed, where C contained portions o
and B, and D contained the complimentary (unuse@)oy
portions of A and B. Presented C (an intermingling
jungle/chimps) in one eye and D (the complimente
intermingling) in the other, what the subject now sees

not C, then D, but ratheas beforeA (chimps) then B Figure 2.11 The Pongz
(jungle). This is a clear cstruction by the brain. Thatpa f5r object on the road looks m
the subject, as Smythies notes, is not actually S&Yarger than the near object, yet both

what is fiout thereo at igyany the same size on the drav
bralr_l :js neverthelessf rs]pefcl:n‘l):jlng, via !nformatléand onthe retina. Ecologically, in t
received, past states of the field. Yes, it is a garkey) world, the far object would inde

specfication of the field, just as a reconstructive way, larger.

modulated to imprecise or n@oherent frequencies can

specify composite images of A and B.  Yes, famousNecker cube constantly flips in

orientation. The information projected to the eye is inltBreambiguous, mapping to two

possible orientationsf the cube The brainds specification, at e
field.

t i's t

It is undeniable, as Smythies argues, that the perceived image of the world is the result of
massive neummmputations. Whais deniable is the final step of this process proposed by the

indirect realist, namely fAthe generati.@n of the
What i s meant here is the figenepéatigentraionii consci
of consciousness. 0 Thi s st ecpaldoeeds vniostu aelx ifisste.n s &
Gi bson argued, is a misleading alley. The net

neurocomputati ons ngseon el ad¢ leoffer @up a pCeookg netadt in o
contemplating Figure 1.1. The indirect realists ha@eerconsidered time and the properties of
the timeevolution of the mattefield; they have no answer for, nor even thought about, the
memory that supports the rotating cub&e neurocomputations suppdrtare involved ini a
complex very concreteeconstructive wave, a wave specifying a past, -sogmed form of the
non-differentieble motion of the field.
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This optimal percept, based upon invarian
information in the field and probdisitic constraints,
is, under ecological conditions, extremely veridical,
indeed it must be for survival. It is not nearly ¢
illusory or unreliable as the indirect realis
emphasizes. The golf ball, sent rolling by Tige
Woods across the undulatingreen and grain, is
guided by precise specification of the world. TF
indirect realist is wont to emphasize the existence _.
illusions 7 the Poggendorff, the Ponzetc. i to Figure2.12. Poggendorff lllusion. (A
enhance the constructivist implications for perceptiThe oblique lines are actually perfect
Gibson long argued th#tese are artifacts, that givealignedi a continuous straight line. (
an ecological environment, rich with informatioThe cause of the illusion from a dept
(invariants), these don't happen, the experience bicomputation explanationthe result of
again "directly specified." In fact, some "illusionsthe visualsys e més att em
would count as quite valid percepts from a GibsonA as a three dimensional object, whe
perspective(e.g., the Ponzo, Figur@.11). The the oblique line is actually part of twc
Poggendorff (Figur€.12) can equally be interpreteplanes, one higher than the other, ar
as a specification of a valid state of trrmally) thus not in alignment.
threedimensional mattefield. Perception theorist,
Irvin Rock, opposed Gibson at every turn, trying to show that inferences or mental operations are
involved?® Often his experiments involved informatideprived experimental setups, destroying
Gibson's texture gradients, for example, by forcing the observer to listgaces when looking
into a darkened room through a peeph@ay, the distanceof two rods located at different
distances on the flopasthe cupsn Figurel.9). He would then argue that inferences or mental
operations must be involved. That infationdeprived or ambiguous setups exist which
demand reliance on probabilistic specifications is certain, in fact, as we have seen, all is
probabilistic, however the specification is still to past states or transforms of thefieédter

The Color of the World

The widely received viewhat the objects of the physical world are not actually colored
obviously has roots in the classic metaphydibe (white) coffee cup resting before us possesses
no color. The (brown) coffee possesses no coliwlors only exist asubjectivdl or fAsecondaryo
properties othe matterfield. In this view, color experience is in effect a vast illusion for us all.
Objects arerepresentedas colored in the dark, quiet braiyet there are no properties of the
physical world that the representations are reflecting. No philosopher knows how the
Arepr es amtheadark, ques aitbecome colored.If the color is not in the physical
world, then the color of the world beoes entirely a mystical process, beyond the realm of
science, in a sad realm ruled only by the philosoplemsiethingperhaps to their liking Of
course, these same statements should be equally daiunof Objects possess no form, for form
too is nota primary property; it too must be only be subjective. As per the wobbly cube, objects
are represented as having a form, yet there are no simple properties of objects that this
representation of form is reflecting.

The statements on form move nearer to the absurdity of themtirefi n 0 cconkceptiord
If form too is just as much an illusion as <colo
too justsubjective, just,tii n t he mi nd?0 Then what i's not fij
ul ti mate absur di toyThisis jush idealdmirwatle frantic Feardl wasnm
attempting to distract our attention from what it actuallyWge owe this conception, as usual
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the evepresent abstract space underlying our theories. A set of abstract, homogeneous

Afobjects, o (e. g., particl es, el ectrons, guar ks
introduces an impassable gap between these objects/motions ang (praljqualia). The
particles have become abstract |littl & billiard t

At the null scale of time, the mattBeld may indeed benear the homogeneous state
envisioned by classical mechanics in its iphes with their abstract motions. But as we impose
scale, this changes:

May we not conceive, for instance, that the irreducibility of two perceived colors
is due mainly to the narrow duration into which are contracted the billions of
vibrationswhich they execute in one of our moments? If we could stretch out this
duration, that is to say, live it a slower rhythm, should we not, as the rhythm slowed
down, see these colors pale and lengthen into successive impressions, still colored no
doubt, buthearer and nearer to coincidence with pure vibratidhs?

I am not going to take us here into the many problems surrounding the information that the
brain actually uses to specify colorsSemir Zeki hypothesized that the brain is isolating
invariants of spectral reflectant®e. The spectral reflectance profile of an object is given by
specifying the percentage of incident light reflected by that object at each wavelength or over
particular bandwidths. But there are multiple apparent problathsupporting the view that
there are no properties, such as reflectances, that specify color. Metamers, for example, are
stimuli having different spectral reflectance distributions that produce the same experienced
color. There is also the complexekv of similarity relations among colors. Purple is more
similar to blue than green, reds more similar to other shades of red. In this complex, there is an
opponent structure: red is opposed to green in the sense that no reddish shade is greenish. So
also for yellow and blue. There are unique hues (red, yellow, green, blue), and binary hues
(purple, orange, olive, turquoisg)said to be perceptual mixtures of the unique hues. All of this
appears as a problem for a qualitative field supporting cador Jlight waves or surface spectral
reflectances do not stand in relations to each other that are unique or binary, opponent or non
opponent, etc.All this is only compounded by the fact thhe light conditions are continually
changing yet somehow theolors of the world remain to us perceptually the sanidere is no
simplemapping from such physical properties to the subjective color experi@utehe wobbly
cube shows us there is no simple mapping for form either.

We are presented, everywhéeneath our colored world of experience, with what can only be
described as massive, unending, continual flux in the physical world. There is no fixity, nothing
fixed for the brain to latch on to, only a flux from which it attempts to derive some semladfinc
constancy, yes, somavariance though even how this is achieved may vary across various
individuals. Color, just as form, is an optimal specification of properties of the external matter
field. This must be so, for the brain is only specifyininae-scaledportion of the mattefield
flowing in time, and this field ignherently,Quality.

Quiality as the Knife
Quality, Phaedrus had realized, is fAa cleavage
You take your analytic knife, put the point on the term Quality, and just tap,
not hard, gently, and the whole world splits, cleaves right in itwdp and

square, classic and romantic, technological and humaiiséind the split is
cl eané Ssothmeeési analysts, working with the most obvious lines of
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cleavage, can tagnd get nothing but a pile of junlAnd yet here was Quality; a
tiny, almost unnoticeable fault line; a line of illogic in our concept of the
universe; and you tapped itanéth wh ol e uni ve® se came apart é.

Bergson, too, had gently tapped on this fault
Quality vs. Quantity

Duration vs. Abstract Time
Extensity vs. Abstract Space

> > >

AfDurationo was his ter m ¢toncreteimé, a time witkieeactrs i bl e f |
fiin

s t agintodntefpénetra® merge into the next, like the notes of a mejod

Might it not be said that, even if these notes succeed oneeangtt we
perceive them in one another, and that their totality may be compared to a living
being whose parts, although distinct, permeate one another just because they are
so closely connected® We can conceive then of succession without distinction,
ard think of it as a mutual penetration, an interconnexion and organization of
elements, each one of which represents the whole, and cannot be distinguished or
isolated from it except by abstract thought. Such is the account of duration that
would be giverby a being who was ever the same and ever changing, and who
had no idea ofabstractjspace®*

The melodic flow of the matter field imherentlyQuality. A Quanti tyodo i s si mp
stripping of objects of qualityhe it particles or applesiich that | can treat them all alike. When
I count five apples, | strip each individual apple of its individual qualities, | ignoie ghbtle
differences in color, texture, form, or tastBor the sake of arriving at a suhtreat eachapple
alike, assi mply a f#Aunit. o AEXxtensit ydncretaspacesthaimpl vy Ber
extends all around usthe floor, the rugs, the fiebkdoeyondi none of which consists of truly
separate Apointso ofpartiflgsdsi ti onsd or fAatomso or

Thisg r ecetivagboftheworldc r eat es two more Adichotomies: 0

A Semantics vs. Syntax
A Intuition vs. Intellect

Syntaxrules areghe foundation of the computer conception of mind. These are simply rules
for the manipulation of abstract obje¢symbols), denuded of quality, in an abstract space in an
abstract time. These have nothing to do, as we shalhdeger chapterswith semantic$ the
basis for meaning in our wiak. Because the computer conception of mind sits on the right side of
this cleavage point, it cannot deal with the terms on other dideannot account for semantics,
nor intuition. This is because this split has an essential feature: cdabhterms on the right is
only the limiting case of the term on the lef\bstract time, for example, is simply the limiting
case of real timé it cannot account for real time or duration, it cannot be made to explain it or
substitute for it. The lesser cannot account for the greatituition is concretemind flowing in
concrete, indivisible time. Intellect is its limiting casenind based on symbols manipulated in
an abstract space. It is thisttle, intellectual form of mind, in itself not in touch with the real
Quality oftheworld in its flow, that Phaedrusmednty hi s ter m fisquareness. 0

Phaedrus, with his great intuition on Qualithecame convinceche was blazing a
philosophical trail. He hagoured throughhe philosophical literature for precedents, and found
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little, the best being the greaathematicianPoincare.Poincare was aontemporary of Bergson

and hespoke of the great beauty in certain expressions or equations of mathematics. Even here,

in mathematicsPoincare was saying, the intellect itselfaad must be ultimately guided lithe

perception of qualityBu t Phaedrusdés | ack of awareness of Be
thoroughly philosophy hhburied Bergson.

All this leads us back to the greatestry inthis set ofdichotomies
A Subject vs. Object.
Subject and Object

We have seen that the mattid is holographic. We have seen that the dynamic
transformation of this holographic field is 1ind
next, as the notes of a melody, and where eatdneflects the entire preceding series of notes.

There is a deep implication in this. If the state of each point/event in the field reflects the
influences of the whole, in fact thestory of the whole, then, in effect, eaébointd at the null
scaled ti me has an el ementary awareness of the wh

It is as though, stretched across the universal rdattere | d , is a vast, vibrant
It is a highlycoherentwebt he t hr eadl i k e lightfflickovethh & fingerasergls t aut |,
reverberations instantly throughout the whol e.

its fundamental, primary memorgs the web transforms over timearries the elementary
attributes of Mind.

Note thatl am saying thenull scaleof time. | am not speaking of the scale of time as we
know it i the scale of cups, symphonies and buzzing flies. It requires all thesdatiag
i mposed by t he br aaswédhave eaglier discgssdd sperily & scae Thia v e
is true even for frogs and chipmunks, who, by the way, surely perceive the world at their
particular scale®f time by this samereconstructive wave@rocess andby this fact, are also
conscious. Note too, we are not ascribingsommefm of fiment al-événtsoWet o t hese

are not |l ookiomgcifousdippatbicl es, or tiny fAperc
desperate move a@kertaincurrent philosophers to explain conscious perception. We only require
this elementary awanee s s, t hi s vi brant #Aweb, o0 itself a fun:q

holographic mattefield.

The brain, as a reconstructive wave, is specifying past portions of the change of this field at a
particular scale of timé a buzzing fly, or éneronlike fly, or spinning cylinder (once a rotating
cube).The brain is establishing a certaatio relative to the micravents of the mattdield i in
the fl yobs ewestemaking ug thenbiody rofothe fly, his wing beats, his internal
processes. If we were to conceive aiir body and the fly side by side within the matiieid at
the null scale of timewe see there is no spatial differentiatioetween our body and the fly
Both of these fAobj ectso armatiorsofthipfiely. Bpt bllavstees 1 n  t h e
brain to gradually applyraincreasingime-scale in its specification: the outlines of the fly begin
to emerge, then the shimmering oscillations of his vibrant, organic crystalline structure, then
slowly he begins tdlap his wings, and then becomes the buzzing being of normal sciie.
essential unity of the twb body and flyi within the matteffield is never brokenWe arrive at
Bergsoné6és principle: subject i s edutbftimer enti ati ng

But there is a simultaneous aspect in this specification. The body/asamreconstructive

wave, is simultaneously specifying, from a given spatial perspective, asiialed form of the
elementary web of awareness definedssithe mattefield. Rotating cubes, stretching surfaces
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with gradients for rocks and grasses, little buzzing beinge simply timescaled forms of this
awareness. So now we ask: Who is it that sees?

There is no one seeing. There is nanbiaculus viewing the image of the external world.
The reconstructive wave, supported by body and bragirmigly specifying a timescaled portion
of this vast web of awareness, this web of mind. This isbdwyglas E. Harding ound he fdAhad
no head, 0 an dvasthé external veotldh the blue s$kies, the snepeaks of the
mountains, the misty bluealleys of the Himalayas. These mountains, these valleys, these skies
are Mindi Mind at a specific scale of time.

We begin life with the perception that we are the external world. , Thisted,was the
observation oflean Piaget, he gr eat t heorist of taddenetintei | dés co
student of Bergsor{The Construction of Reality in thehi®@). The great constant in our
experience i s t hspatidiperspgctive.arhedody ib thevabantth yhé matrix
of experience Qur Identity graduallycomes to settle uponittWe become an fiobj ectod
ot her A odbegnd heed akoan. W
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Chapter i

Retrieving Experience from the Holographic Field

ésuppose that my speech had been | asting fo
of my consciousness, that it had been carried on in one single sentence, and my
consciousnesséable to employ itself entirely

the sentencethen | should no more seek the explanation of the integral
preservation of this entire past than | seek the explanation of the preservation of
the three first syllables of "conversation" when | pronounce the last syllable.
Well | believe that our whole gshical existence is something just like this
single sentence, continued since the awakening of consciousness, interspersed
with commas, but never broken by full stops.

- BergsonMind Energy

We cannot see how memocpuld settle within matter; but we do clearly
understand howi according to the profound saying of a contemporary
philosopheii materiality begets oblivion.

- BergsonMatter and Memory

The Brain as Suitcase

The brain is considered, universally, to be the great storehouse of our past. It is our suitcase
for carting around the memories of our experience. This is a scientific dogma. But in truth it is
only an hypothesis. It has never be provehe Tact that a konk on the head can cause the loss
of memories does not allow us to infer, categorically, that the memories, sitting in some storage
area in the brain, have been destroyed. It does not allow us to rule out the possibility that the
fi k o nas simply damaged the mechanisms and dynamics necessary for accessing and retrieving
experience.

Cognitive science, neuroscience, the psychology
memory and last but not legstobotics i none have a clue
how experience is actually stored in the braifhe prevailing

trend has at least partial origins in the "constructivist" traditi (* ©_© o

of Ulrich Neisser (circa 196/Avhere memories are apparentl \ —,/ <=/ W/
reconstructed fr onm evm@lansehty «» P pie

This is ei nforced by an Nfabst tendency

abstractionist sees only certain abstracted aspects of the ef ;
of experience being stored. The rotating cube would have
certain snapshots of the rotation stored. foe menory

gure 3. 1. f
schematic abstraction.

theorist LawrenceBar sal ou, the dynamic transformation of
would be represented by three schematic staies mout h c¢cl osed next to the
a mouth open, and then th3®l)'mouth around the obj e

There is no principled theory as to how or why the brain makes such a seléétfoah
snapshots of the rotating cube are stor@iié have seen tha actualitythere can be no such
snapshots as faisahe brain is concernedYVhich snapshot®f the biting face?n fact, there
would be a flow field defining this biting transformation just as difficult to store as the flowing
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sides of the rotating cube. Yet, say theoristsMay es and Ro birgrfracon of AOnl y a
experienced episodes are put into long term storage, and, even with those that are, only a small
proportion of the experienced episode is later retrieviblét is from these abstracted elements,

the principles ofselection of which nmne can specify, that the brain is to reconstruct specific
experiences.

This ubiquitous view is intended to alleviate the burden on the brain of storing the vast
volume of our experience, as well as eliminate the burden of how the immenseiynabesof
these experienceuld be stored. One only needs to get up and walk outside for five minutes,
observing the vastness of visual detail presented in experience to feel sympathetic for this
position (if you are a storage person). However there @gevague notions on how the brain
makes this selection of elements or events, or for any particular event, which elements these
would be, or how dynamic and muitiodal events are then reconstructed from fragmented pieces
or static Af elaasfor examplethecephenzeral edgeseandtvertices of the rotating
cubewhich we sawexist only as invariants over a flow are stored in different (unspecified)
spots frozen, as snapshois, the brain. All theoryproceeds as if it is sufficient to thége on
how the hippocampus (and/or other structures) might store some static event, e.g., a snapshot or
series of snapshots of a person with a spoon stiotingup of coffee.

Let us remember, in the previous chapter we saw that there is ny, timefact, notevena
teensy thought of a theory, fovhat | termedthe i p r i mmamorydthat supports the time
extended perception of the rotati nweakatierbpp or t he
shows, of storing these dynamic, theetended events for future retrieval. Let us remember too,
the question of whether the br ai nindetermniegs exper.i
whether the brain generates consciousn#ésase holdthat neural storage is sufficient to account
for the retention of experience, it must be understood that this answer absolutely constrains all
theories of the origin and nature of consciousness. Images, dreams, even perceptual images and
perceptual expenee to include the tim&xtended perception of the rotating culmeyst
somehow be generated from stored elements within (or modifications of) the sels#iate.
But we have seen that the metaphysic underlying this position, with its abstract horaggeneo
continuum and its snhapshot theory of motion, is utterly, logically precluded from explaining the
origin of any of these. Re fact is, | repeat again, current theory has not one clue how experience
is stored in the brainOf course, it has not one cludat experience, that is to say, perception, is.
Without a theory of perception, there can be no theory of the storage of experience. This is why
there is no theory.

Nevertheless, despite this extreme theoretical weakness, the notion thatrthartataherefore
a robot, can store experience, is a lynchpuwth in theories of consciousness, anthe robotic,
machine view of mindvith its view that robots can be conscious, wiitle philosophicmist that
this generates. If the brain cannot anaks not store experience, then neither will a robot, a
computer or a neural network.

The Brain as Nota Suitcase

The dynamically transforming visual image of the external wavlelhave seers not within
the brain It is right where is says it is, in the external fieltherefore it cannot be stored within
the brain. Experience, in general, cannot be stored there. The material brain is the three
dimensional crossection ofa four-dimensional being, flowing in tism Bergson visualized the
brain as a sort of Aval ve, 0 hol ding back the ac
in the brain for preparing action momentarily configure in a certain manner, the brain/valve
allows pastexperiences into conscioussahat fit this action configuratiorFor exampledriving
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down a certain section of curving road entails
may recall a similar driving experience. The loss of memories on the othefi lemdesias,

aphaiasi does not mean that the experiences are lost or their files destroyed in their cabinets in

the brain. Rather, Bergson argued, only the ability of the brain to assume certain action
configurations has been damaged.

I n todayds tsayrthatsin theweeall of expdriehce, the brain is yet acting as a
modulatedreconstructive wave passing throutple four-dimensional holographic fieldJust as
we modulated the reconstructive wave to different frequencies to reconstruct the suovessive
fronts of the pyramid/ball, cup, toy truck and candle, so lesmodulaed wavepatternghat the
brain assumesvhich determine theexperiencesetrieved. Damage to the brain in various areas
affects its ability to assume the compleavemodulation patterns that might be required to
retrieve certain experiences. The experiences |
to be our fAsuitcaseo for experience. What is r
modulaked reonstructive waveatterns within the holographic field.

We shouldnot take thisto mean that no forrar typeof memorywhatsoeveis stored in the
brain. To usea Bergsonlike example, we may have many practice sessions at the [@ayo,

leainng Chopinds C# minor waltz. The end result o
programi with all the modifications of neural connections this might invdlwehich we can

unr ol | effortlessly as the waktdzin Thesbrainol éa
terms of current psychol ogy, i ti amengotytfor e call e

sequence of actionsThere are other neural storage effects. The layout of the piano keyboard,

with its five black and seven white alteringt keys, is experienced daily over and over. The

particular blackwhite pattern is always the same, it isiavariant over these experiences. The

spatial neural firing patterns in the visual cortex which respond to the layout of the keyboard must
evertually be registered at some level of the neural structure or hierarchy as an invariant pattern.

Jeff Hawkins On Intelligence proposes a neural network model for the formation of these all

i mportant neural Ai nvar i anadéfereitwhitébtack elteraaticthi f f er e nt
pattern, encountered one day, the difference would be detected instantly. But simultaneously

every experience, every practice sessipapisodas retained in the foudimensional extension

of beingi the day when #h sunwas shiningorightly and the room was glowing, the dreary day

when it rai ned, the day we had a headache. Th
principle, given the precise modulation pattern, eachntis retrievable. In practice this i

obviously difficult.

The relation between the form of memory stored in the brain, and our experience, which is
not so storedis a complex one.Not all the aspects of it | havexaminedin other theoretical
endeavorswill be discussed hereBut let us explore a little more concerning the fundamental
retrieval mechanism of experience.

Retrieving Eventsi Redintegration

The fundament al operation of the retrieval of
term, which | happen to like, can trace its genes back to the very origins of psychology. Thus it
was Christian Wolff, a contemporary and disciple of thieag philosopher Leibniz, and a
mathematics professor (it took one to coin this term), who first introduced the "law of
redintegration” in hig?sychologica Empiricaf 1732. In effect, Wolff's law stated that "when a
present perception forms a part ofasipperception, the whole past perception tends to reinstate
itself.”
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Examples of this phenomenon abound in everyday experience. Thus the sound of thunder
may serve to redintegrate a childhood memory of the day one's house was struck byglightnin
Perhaps, for example, we are walking down a road in the summertime and suddenly notice a
slight rustling or motion in the grass along the embankment. Immediately, an experience returns
in which a shake was encountered in a similar situation. KIlAirHigtory of Scientific
Psychology notes that these remembered experiences are "structured or organized events or
clusters of patterned, integrated impressions," and that Wolff had in effect noted that subsequent
to the establishment of such patterns, ghttern might be recalled by reinstatement of a part of
the original pattern. One would think that t
such that we can predict when retrievals of experience will occur, would be seen as crucial. Such
a science was in fact provided by Gibson in his invariants, invariance laws, and gradients. Itis a
gift that the psychology of memoand cognitive science hater the most part ignored

The @Al awo for descri bi ng retriehvesar redintegrateeaspash t expe
experience is fairly simple: When a present event has the same invariance laws defining it, it
will retrieve a past event with the same invariance law descriptionessence, when the same
dynamic pattern, supporting tlsame invariance laws or structure, is evoked over the global state
of the brain, the correspondgrastexperiences reconstructed.

Let us put this into our event context. Imagine a dri
up a mountain roa@Figure 3.2) The road curves back ani
forth, in sinusoidal fashion, rising at a particular grade. \
have then a certain gradient of velocity vectors lawfu
transformng as a function of the radius of the curves and -
velocity of the vehicle. There are other components suct
the contour and texture density gradients, for example
distribution of rocks peculiar to a mountain terrain. Over t
flow field there is aratio called taut() about which I need
not go int(_)_deta_il here._ The e_ssential point is that the Ifngre 32 The mountainside
ratio specifies time to impending contact and severity 4o
impact. It has a critical value in controlling action. A bard
a pilot, coming in for a lanikhg on the flowing surface below, use tau to land gently. Our driver
can rely directly on the tau value to modulate his velocity to avoid possible impacts with
structures along the road. Thus the transformation specifying the flow field also contains
infor mati on for Atuningo or gui ding t he actio
expansion/directional change is specific to the velocity of the car and to the muscular adjustments
necessary to hold it on the road. Therefore the state of the body/brain sg#ctiréo future
possible (virtual) action as well as that actually being carried out constitutes an integral
component of the event pattern.

| believe it is quite common for people to have past expergeredintegrated by this form of
flowing, roaddriving, invariance law structure. My wife tells me that every time we drive along
a certain curving section of the freeway near Milwaukee the memory pops back of driving on a
segment of a freeway in Califaenwhere she once lived. Due to the indivisible tiewelution of
the matteffield, neither the original transformation of the field nor its subsequent specification by
the brain as an image (of its thpast motion) have moved into nexistence. The rsan that
the experience is reconstructed is that the brain is thrown by the invariance structure of the
present event into the same reconstructive wave pattern as that which defined the original event.
This is the essence of the principle of redintégre’

Nowhere in the description of this process, one will note, is it necessary to assume that the
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experience being reconstructed is stored in the brain. In trutbfed earlier, cognitive
psychology has no idea how experience is actuallggtior the brain, nor does computer science,
nor does robotics

Before we go on, let me define an invariance structireinvariance structure ihe set of
transformations and invariants specifying an event and rendering it a virtual action

Retrieving Events 2

We have seenChapter 1Figure 1.4) that when we pass a reconstructive wave through a
hologram, we can modulate the wave to different frequencies, for examplaptsgecify the
wave front of a pyramid/ball, ta fo specifythe cup, to §for the toy truck, etc. The more spread
apart (or unique) the frequencies are, the easier it is to modulate the wave to each precise
frequency, and the easier it is to reconstruct each separate wave frqorandfgfare very close,
it may be very possible that a reconstructive wave has both frequency comparemdst,fin
which case we get a confused, composite imag@ihf he pyramid/ball anthecup. In this case
it turns out to be difficult to reconstrudte i ndi vi dual fevent so (wave fr
create a unique reconstructive wave, the easier it is for precise, individual recall.

The brain is dealing with feventso (or experi
the invariance laws defining an event, that drives the modulation of thed sagonstructive
wave. If we need to remembesetof events, then the more unique the structureachevent,
the easier it is for the brain to achieve the unique modulatmhstuctive wave required to
reconstruct each event.

This is a simple principle, but memory research has mostly danced around it. This is largely
due to, a) ignoring Gibson, ana) focusing orverbalmaterialsso heavilyin the experiments that
the ecological nature of events is obscured. | am going to spend just a moment relating -our brain
asreconstructivavave model to the standard literature of memory research.

The Verbal Research

I'n the 1970 6rsh,wasndenmmmatedyby exgesngemats using some form of verbal
materi al . The initial paradigm was introduced
introduced the use of Anonsense syllables. o He
of syllables like QEZ, PUJ, KAX, etc. Another form involved lists of pairs like @BZ] or
ZAK-WUX. When presented QEZ again, you had to remember that PUJ was its pair. It was
therefore Ebbinghawsattempt to remove alemanticfrom the memory task. He hddund it
too easy to remember pairs like GRASNAKE or SPOONCOFFEE due to thBassociations
already existing in his past experienc&.his was the drive to get at the formation of the
el ement e&royn diiot em g . , bet ween QIhzZssencedtheRttedhpt 1 n i t s
was being made to drive the human "device" as a far lower version of itself, what in computer
terms would baicalclted oda pfi ®yx ®ts-BUWHIke pairs Wdreesets | st s of
of arbitrary syntaxrules, to bedaboriously associatedhis was to be the primitive process of
associatioron pure display.

But as history would show, the "device" was far more powerful, and its true (holographic)
properties kept intruding into thepareassociationist experimenin a pesky, unwanted way. A
subject might realize, awakening from his rote efforts, that QEZ could be seen as "FEZ," and PUJ
stand for "pudgy," and thus become a pudgy Turkish person wearing a fez. Now he had a nice
method for redintegration using thewers of higidevicét he next ti me QEZ (now A
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along (Figure3.3). In my graduatestudentdays, in the
19 7,0these were still tons of nonsense syllab
experiments being performe@nd they continuea bit
today) My experience, in studymthe vast literature on
all these experiments, was one of walking deeper ¢
deeper into a vast realm of trees grown and e\
sprouting everywhere. There seemed no view possible
the forest. Bspite the apparent purity of the. .
experimental verbal matafs, there really was ncF'%uE 3':,:’ QEfZ'PUJ(; ;[he nor:jsens<

experimental control at all over what the subject did in :T_y i. ﬁs rans OfF”rff 0 a pudgy

head. He was free to use imagery such as the Tur urkish person with fez.

person, or his experience of snakes, and so on. So0l .

research field found itselfaving to deal with troublesee "variables" such as "meaningfulness,"

and 'tontext in the theoretical models of the process. Themimidel s of the fAproce
laws of memory began to get more and more complicameddifficult to grasp There was no

sense at all that the ecologl case, using real, concrete events for remembering, might be

primary, or that in factt is in theecological caseherethe greatest experimental contresides

A standard experiment in the verbal learning tradition of memory research has the
experiment al Ssuklmjssotcs alteadr d isatipaiBreddw is a ver
about 1020 pairs).The goal is to learn that when one sees SPOON, that the response or answer is
COFFEE, or when one sees KNIFE, the response or answer is SOAP. All thefigsirs
Aspoon, 0 t hrepresédntecbohd by @né.)It may take several complete presentditio
the list to learn all the pairs.

List 1

SPOONCOFFEE
KNIFE-SOAP
BOTTLE-THIMBLE
And so oné.

In the course of years of experiments, the daring discovery was made that if the subjects
formedimagesof events for the pairs, learning was greatly spedl &or example, we imagine
the SPOON stirring the COFFEE, or the KNIFE cutting flakemftbe SOAP. In other words
we ¢t a little more ecological, for now we are actually remembeeivents not just arbitrary
word pairs. From the point of view of experimental control, this is not all that satisfactory as far
as discovering the laws of memdryve have no true clue what events the subjects are imagining.

A more complex pryblem for learning worgbairs involvegwo lists.

List 1 (A-B) List 2 (A-C)
SPOONCOFFEE SPOONBATTER
KNIFE-SOAP KNIFE-DOUGH
BOTTLE-THIMBLE BOTTLE-PAN
Here the task is to learn the paof List 1, then turn right around and learn the pairs of List
2. But this is no easy task, since, i f you no
e.g.,.SPOON-COFFEE (list 1) an6POONBATTER (I i st 2) . This | eads

when we see SPOON, what word will it redintegrat€ OFFEE or BATTER? The response
word from List 1 interferes with learning the word in List 2, and vice versa. This interference

64



Chaper Il Retrieving Experience from the Holographic Field

has led to countless theories as to what it is, how the-paird are ®red in the brain, the nature
of the meimnmnmdhepramihoaoaé knowsctualhis,andaooi.t r ac e 0

| am going to ignore all the theoretical entanglemelr
and go right to the ecological case. Let us assume tl
are concrete eventsenacted or perceived. The subje
stirs the coffee with the spoon, or stirs the batter with 1 B
spoon. He cuts the soap with the knife, or cuts the doL /
He pours water from the bottle into the pan, or intot A —
thimble. Now in the vdral case, after learning the lists
we would simply present
But this is a very vaguevent; it has ngpecificity Which
object, or which event will it redintegrate? Even

concrete but static spoon, placed on the tablerbais, Figure 34. McGeoch's Interferenc
would have a questionable cueing power. We have at \yoqel (192). Event A activates o
the classic fAresponse C geonstructsevents B, CandD,d ©
introduced byMcGeoch, a theorist in 1942 (Figu8s?). 5, o ¢ p 0 n srE ©.0Thde

In the behaviorist ter mi
SPOQN, activatf,-s both BATTER and\ COFFEE other and make retrieving the

posi bl e fAresponses. 0 | N ryasired memory difficult. ogy, we
say both words are fiprim > e, we cCoc
we have sent a highlunconstrainedwave though our

holographic memory, as though we had a-ooherent wave containing frequenciearid %, the

frequencies of the original reference waves for recording two different wave fronts (or objects).

FAal S A
(]

whi ct

events, B, C, D interfere witheact @ Y »  t he

We can improve this by modulating the brainds
frequency, coespondent with the original reference wave, e .off the desired stored wave
front. And concretely, in terms of events, we must put greatestraintson the cue event. For
starters, a dynamism must be placed on the static $ptiwncircular notion of stirring. But yet
more precise constraint is needed to cue the proper event andiobgtdr or coffee. We can
choose to create the greater resistance provided by the batter medium, or the larger amplitude of
circular motion in the batter casssuming it was in a bowl, or both. The-euent must force
this precisedynamics and therefomodulatory patterin the brain. Had one of the pairs been
SPOONOATMEAL, where the spoon was being used to shaveéhe oatmeal, a quite different
trarsformation, involving scooping and lifting, and with the weight, mass and consistency
constraints implied by oatmeal, would be placed on thesgaat with its spoon.

With this in mind, one can imagine anpossiblydifficult pairedassociate paradig as far as
ver bal |l earning experiment8ihaparadoingmrned. | i s Wex
as follows:

A B
SPOONCOFFEE
SPOONBATTER
SPOONOATMEAL
SPOONBUTTER
SPOONCORNFLAKES
SPOONPEASOUP
SPOONCATAPULT
SPOONCHEESE
SPOONTEETER TOTTER
And so oné
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It is fimpossibl® since in the purely verbal casthe stimulus words are exactly the same
andthe subject could have no clue what the appropriate response word is. But assume that the
subject concretely acts out each event of the "absurd™” $istring the coffee, stirring the batter,
scooping/lifting the oatmeal, the cornflakes, cutting theesh. To effectively cue the
rememberingas| havesaid the dynamics of each c@®ent must be unique, and the structure of
invariance laws of an event in effect implies a structuastraints

These constraints may where indiepsing fidelity torthecrgindly 0 v ar i
structure of constraints of a given event corresponds to a finer tuning of the reconstructive wave.
The (for example, blindfolded) subject may wield a stirrer in a circular motion within a liquid.
The resistancef the liquid (a parameter value) may be appropriate to a thin liquid such as coffee
or to a thicker medium such as the batter. The circular motion (a parameter value) may be
appropriate to the spatial constraint defined by a cup or to the larger amplittgded by a bowl.
The periodic(back and forth)motion of the handmay conf orm to the origir
invariance (the ratio of frequency/energy) within the event, or may diverge. We can predict that
with sufficiently precise transformations acohstraints on the motion of the spoon (either visual,
or auditory or kinesthetic or combined), the entire list can be reconstructed, i.e., each event and
associated response word. Each appropriately constrainegvenie corresponds to a precise
modulatbn (or constraint) of the reconstructive wave defined over the.brain

The obvious inverse is that, as the parameter values diverge from the original event,
cueing/recall performance and/or recognition performance will increasingly degrade.
Recognition tests are one method of testing these manipulations, employing familiarity ratings.
In this case, we would present, as recognition cues, the original events transformed on various
dimensions. Experimental subjects rate thepresented everwith a value reflecting how sure
they that they previously seen it (how familiafhe familiarity value should steadily decrease as
the parameters are varied away from their original values.

Parametric Variation of Memory Cues in Concrete Events

These kinds of experiments are implicit in th

literature. They are just notrealized as fits in the °8 o
theoretical structure | have just describelh example -

is found in ademonstration by Jenkins, Wald an B~
Pittenger. Capitalizing on the notion of the optical flow ///’ ¥ \\:‘\
field, they showed subjects a series of slides that | / | N
been taken at fixed intervals as a cameraman wal '

across the university campus méfigure 35). Some

slides, however, were purposely left out. Later, wh

subjects were shown_ various slides ag_ain and as_ke il'iaure 3.5.A flow field is created

th'ey had seen the slldg shown, they re!ected easny_wh”e moving along the campus mall

slide taken from a different perspective and whici

therefore did not share the same flowld invariant defined across the series. Slides not
originally seen, but which fit the seri@sth its flow field were accepted as "having been seen”
with high probability. But Jenkins et al. had created a "gap" in the original set shown to the
subjectdby leaving out a series of six continuous slides. Thus a portion of the transformation of
the flow field was not specified. Subjects were quite easily able to identify these slides as "not
seen." In this case, we are in effect varying parametric valaéning a flow field. We are
seeing that redintegration, and therefore e b r ai n 6 s rigihdeed sensitiVe todhysn a mi ¢ s
form of parameter manipulatio@ther manipulations are possible, for example the slant of the
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gradient, the smoothnesttbe flow, the velocity of
the flow, etc.

We can consider, for example, presenting
simple static event of a field with a schematic tr
(Figure 3.6). The trees in the figure have be€ ==yl
grown with the precise mathematics defining reiff ~ == |~ =° " || =° |[- =%
tree growtt  The number of terminal branches (N
is a set function of height (H), N=k(H)while the
diameter (D) of trunk or branches at any point is
function of remaining length to _the _tip, D,:k(H)Figure 3.6. A generated, aging tree.
Suppqse th_aone of the recognl'tlon |ten_15 in OU(Adopted from Bingham, 1993)
experiment is the leftmost goungish tree in Figure
3.6. In the recognition test phase, the parametric values defining the structure of the trees can be
varied increasingly from the original value. For example, we coutépresent the second tree,
or third, or fourth tree and ask if this is recognized asgfahe original set of items. Familiarity
ratings should drop the further we move along the age dimension. More dynamidatig; a
accelerated view of angammetric \wlaed can liprusedvas the atimutbe r ¢ e r t
For a dynamic event such as an approaching rugbyavadther value defined over the velocity
fl ow of the appr diaethdomagi(Whiahl speciflestioevimmareree di the
object hittingus) can be varied increasingly from the original value.

T ﬂ?%?%ﬂ”

Evenwhat for us is a venglow event namely,the aging of the facial profilehas its
invariancestructure Pittenger and Shawve saw,showed that this event can described and
generated via wia strain transformations on a cardioid (Fig@r&0). Ther original experiments
canbe recast in this redintegration test framew8rlriginally the subjects looked at many pairs
of faces eat face being generated by this lawith varying values of the strain transformatjon
and judgedeach time which of the pair was the older. Changing this to a memory task, a face of
a certain age can be included in a set of various items successivehtguldsea subject. On the
recognition task, a face transformed by a certain parametric aging value is now presented.
Familiarity values will be a function of th@doseness to theansformatioror strain value The
aging transformation works for anim#éhces too, even for Volkswagerisit can generate
increasingly aging fABeetl es! o So we <can have
eventually get aged (or taged) in a recognition phase.

All these are memory experiments that are eititing to be done or implicitly have been
done. They demonstrate that memangd its supporting brain dynamics a&dremely sensitive
to the invariance structure of events and the
involved. The importare of this is that any theory that claims to be a model of memory must be
able to support this dynamic structure in events. But as we shall soon see, the major claimant to
the theory of memory, n a me | networks are wtdly incapablewo r ks or
of this.

The concrete ecological event, which we have focused on here, is primary in the theory of
memory. This is the real world in which the brain and body were designed to concretely operate
T to avoid a unfriendlytyrannosauwss (they were probably all unfriendlyjo spot a saber tooth
tiger, to survive. Curiously, after perhaps forty years of memory research in the abstract verbal

worl d, a small core of researchers based primar.i
study memory in the ecological contéxT hey now study what is termed
Taskso (SPTs), where subjects concretely act o
Abreak the match. o The s ulkgotactiorss. Mot sarprisinglg,n as ked
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the results of the experiments call into question many sacred cows of the verbal learning research.
Memory performance for example is remarkable relative to pure verbal list learning, being often

near perfect for the aceut lists of 2030 events. But the SPT group, along with the rest of
cognitvepsychol ogy, has little in the way of a model
how or why actions retrieve the experience.

Standard memory theory likestoay t hat it i s the Adistinctiven
easier to rememberThe distinctiveness might be a functionfob et s o fof tHeewemt.ur e s 0
The more fAdistinctived events AevBnamMdep€ciaftiec¢al
en c o dheseedv e nt s i,0rand fthe ¢asiar ik ig te cue each event for later reGlbugh
there is no clue what this encoding could mean for events like stirhagryt has never gone
beyond this vague equation. Despite the fact that diEsnctiveness/encodinormulation
represents not one step beyond Wolfds statement
casting memory theory in terms of the invariance structure of evertigy ignore that it is
precision of control of an evefor modulating memory retrievain this casecontrollinga cue
event, that is the name of the game in science. And this control can only be through knowing the
invariance structure of an event.

To add to the reluctance, theorists note the difficwhat would exist in defining these
invariance structures. Unfortunately, discovering invariance laws is also the name of the game in
science. It also shows$o the chagrin of the memory theorisisat memory theory cannot be
divorced from perception.Some other already studied event contexts to which this
parameterization of dynamic structure is extendable: the severity of contact betveeen t
approaching object§, volume related to perceived heavinEssacoustic information for the
motion of objecs? spoon handling in childreli, peraived relative mass in physical collisiotfs,
time-to-topple (say, of a bottlé} walk-on-able slopes® sensitivity to the relation of period and
length in pendulum motigH acoustical frequency in vessel fillif@here sound pitch increases
as a vessel is filled with liquid}

Remembering Baseball Games

We havebegunwith
very concrete, ecological
events.  This is where '
things start. Buttwo y ;’Iff:;ff,smh
memory researchers
Vicente and Wang saw  pian. that can achicve
that the same principles goals
of memory hold for TACTICS

« Combinations that

runs in this inning
Advance all Alternative tactics to
old
Comp|eX taSkS n Wh|Ch can implement a 5
. strategy
levels ofexpertisecan be FENCTIONS m
developed, tasks such @ - Basic Functions that

Win the game

q be selected t
Chess, . .CompUFer :;Zcu‘teua i;c:ic °
programming, industrial  prLavERs [Batier]
models of power plants, o ploere o e
baseball, medical

diagnoss, etc® In _ o

this context, a wide Figure 3.7.An abstraction hierarchy for baseball

range of studies has shown expertise effeah memory. In chess, early work Bydrian de

Groot asked four players of varying skill level to reconstruct meaningful board positions after
only a few seconds of exposurelThe Master and Grandmaster level of players reconstructed the
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boards with neaperfect accuracy, while the performance of the lesser players was less
impressive. It would laterbe discoveedthat if the board positions consisted of randomly placed
pieces, the performance of these experts dropped to a level insignificantly different from the rank
novice.

What is the source of the expertise effect in memofPe answer is thahere are expertise
effects when there are constraints that experts can exploit to structusvehts they are
perceiving.The more constraint available, the greater the advantage. In the chess example, the
constraints determining possible patterns loéss positionsire set bythe rules of the game
Thesehad been removed when the positions were random.sfhcture had been destroyed.

The degree of the effect is proportional to the number of constraints removed. When there are no
goal relevant castraintspresent in the event to be rememberén@ expert is reduced to the
novice.

To represent the constraints in these complex domains, Vicente and Wang would adopt a
representation method termed alostraction hierarchy  This is a stratified hierarchy where
each level below the top level describes the means to achieve the ends at the higher level. At the
top level is the purpose or goal. A very simplified example applying to baseball, splcifical
from the perspective of a decision making manager, is reproduced in 8igure

Imagine trying to remember this basehddinette

...The Senators are at bat with three outs and two pitchers, Smith and Jones, on

first. Whitcomb is on deck He knows that the next batter is their weakest hitter,

so Whitcombés goal is to throw a strike to
towards the outfield and home for wide leafts by the fielders, then throws a

pitch for a strike.

Thisis an example of an event description with a good number of violations of constraints, or
equivalently, violations ohormal basebalkvent invariants, and therefore presenting greater
difficulty for memory for the baseball expert.

We are all expas on coffee stirring. With the exception of the newborn, very young, or
visitors from Mars, these kinds of elemental, everyday events have a structure that is understood.
It is an experiential expertise, not that of an engineer or physicist viewing dbiéee cup.
Describing these as invariance structui®dhe most appropriate approach. Baseball itself
consists of numerous s@vents that are invariance structuirdstting the ball, catching the ball,
throwing the ball, running, standing around;.et These themselves become larger invariance
structures hitting the ball and running to first, catching the ball and throwing it to the infield,
etc., and the abstraction hierarchy has attempted to capture the whole of this as a system of
constraintselative to these events agame

The expert baseball fan sethe events playing out before him or her on the baseball field
through this Alenso of i nvariance | aws. It i s
concrete experiencef playing and observing the game. The expert computer programmer
likewise looks at system diagrams, program code structure, evemeanerydumps of problem
programs through such a similar, dynamghyk @Al enso
complex perception is the growth ofskill. It is a skill based in something that the computer
model of mind vill never supporit the invariance laws afoncreteavents.
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Neural Networks versus Redintegration

Neural network models r 7 ¢ o n n e c t hawenn essenée, meendrgng t account for
redintegration for some time, sometimes in models of paissdciate learning, sometimes in
models of semantic learning, though both cases, we shall see, are rather equiVedarilm of
connectionist theoretical effort is vast. The subjects to which the approach has been applied span
object recognition, categorization, sequential action learning and disorders thereof, semantic
cognition and disorders in semantic memory, consciegssranalogy, and much more. Virtually
nothing in the sphere of mind seems out of its realtha word, connectionisrtoday is the
gorilla on the block; itis the dominantparadigrroccupyingforce in thealso dominantobotic or
machine theory of mind.The everexpanding breadth of its application is the attermgth no
effort being sparedp show that it is a trulgeneral theory of mind.am going to describe here
two very recentonnectionistnodek, both claiming great power and generality. | nsto see
how bankruptconnectionism isin the context b real, ecological events. The firshodel
appearing in the highly prestigious journBehavioral and Brain Sciences by thenetwork
theorists, Rogers and McClellaffd.

A neuralnetwork has a set of input units and a set of output units. It also may contain
intermediate units in middle layers. The fundamental goal is to train the output units to respond
with a correct pattern of output values for a given input pattern. Tlisris by adjusting the
connection strengths of the various units to each other. Fig8reh8ws a network of the

Rogers and McClelland type that | earns fAsemant.

CANARY is turned on (or firing), as well ahe¢ Relation input unit, CAN, the network is trained
to respond(or fire) with an appropriate output pattern. In this case, for CANARY CAN, the
appropriate responses or output pattern is: GROW, MOVE, FLY, SING

living thing
plant
animal
. tree
pine flower
oak bird
rose pine
daisy oak
robin rose
canaryv daisy A
T | € S A N N ey e e A et \ N PP, e P D | canar v
Su?riSh sunfish t
salmon salmon t
Item pretty r
tall -
(Input) living i
green
ISA red b
is vellow u
c:.u? grow t
has move
swim e
Relation fy
sing
bark
petals
wings
feathers
scales
gills
roots
skin

Figure 3.8. Connectionist model of semantic memory. Where
connections (arrows) are indicated, every unit connects to every
other unit. Adapted from Rogers and McClelland.
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Adjusting theconnectiorwe i ght s of t he net woyclesofttraikingis many
giving the network an input, adjusting the connection weights so the output units fire with the
correct pattern strength. This is termed fAerro
CAN, the Aerroro of e ac h o antepfrom its warréct respohsh a t i s
value, is measured. The connection weights are then adjusted by a small amount until, ultimately,
the network responds with the correct output pattern values, for every input, every time. In
essence, this form of networkvhen the connection weights are all adjusted appropriately,
appears to account for semantic learning. It knows what a canary CAN do (grow, move, fly,
sing), or what is HAS (wings, feathers), or what it IS (living, yellow), or that it IS A (living thing,
bird). SALMON should have its own pattern, for example, that it CAN (swim, grow, move), or
HAS (scales, gills), etc.

The fundamental principle operating to achieve the correct output unit states is termed
coherent covaation. The network is in effe learning statistical probabilities, essentially how
things tend to occur (oredar y ) with one another. The fact,
Asingingd tend to occur consistently with robi
likelihood for koth flowers and robins tends to pull tl®nnectionweights apart in the
appropriate direction.

Rogers and McClelland argue that this form of network is quite comfortable in the ecological
world, that is, it is quite capable of dealing with coneretents. If a child sees a robin sitting on
a branch, then sees it fly away, his neural network is being trained. The next time the child
encounters the input ROBIN, in the context of a tree branch, he will anticipate that the robin will
FLY away. Thenet wor k i s being trained to predict the
events expected to follow in time.

Ecological Bventsand Neural Nets

While Rogers and McClelland assert these networks have eriteredological realm of
evats, let usactually considersuchan event | et 0 distirmng &o#ee in & cup, using a
spoond This event has a timextendednvariance structure Thus, he swirling coffee surface is
a radial flow field. The constant size of the cup, shoutdate forward or backward, is specified,
over time, by a constant ratio of height to the occluded texture units of the table surface gradient.
There is again aau ratio defined over this flow fieldt supports modulating the hand for
grasping the cup Were the cup cubical, its edges and vertices are sharp discontinuities in the
velocity flows of its sides as the eyes saccade, where these flows specify the form of fhieecup
periodic motion of the spoon isflapti@® (meaning the information in touclipw field. This
haptic fieldcarrieswhat physics terms afiadiabati® invariancei a constant ratio ahe energy
of oscillation to frequency of oscillation. The actionvaklding the spoon is defined by an
finertial tensor 6 Thi s i s aalmetsr idke swhrd e M he spoonds r
acceleration. Note this extremely concret@hysical information i forces, masses, weights,
motions. It is & concrete, sphysicallydynamic as the fields and forces of alectric motor. It
is this enire informational structure and far more that must be supported, globally, over time, by
a neural network by the resonant feedback among visual, motor, auditory, gnesprefrontal
areasf the brairnthat deal with plans for action

Now we can imagine that we have trained the network of figur@ \8ith yet other terms.
For example, as input terms, we might have had SPOON, FORK, HAMMER, SAW. As output
terms, we could have STIR, CUT, STICK, POUND, TOOL, UTENSIL, elic.Rogers and
Mc CIl e | forenmladian,sl would present SPOON in the context, CAN, and the network is
trained,looking at errors in theesponseand making the needed connectwgight adjustments,
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to respond with STIR. Inthecaugali nt er pr et abir @8 98 pakestheemammes t w

of therobin on the branchthe network is predioig the accompanying eventse 6 d expect on
seeinga SPOON moving within the cup of coffee, for examples circular motion of the coffee

liquid, the clinking soundthe hapticor musculafeel of the periodic motioretc.

But what sense is this? This is a remnant of the supremeheewngical verbal learning
tradition, its roots in the semantiesadication program of Ebbinghaus, which ultimately
bifurcated gents arbitrarily into components, e.g., SPOON &1dR, then asked: how do we
learn these components as a paassociate pair? In reality, we are perceiving the spoon as an

integr al part of a stirring evmaute, Wheieishhe al | t he
fierrord We need no weight adj ust meonatpopettootpufi | i nk o t
pattern. T haea Infrc@anpyy niemtt sgr al |y Al i nke@&aw in the

there to be a stirring at all, there must be a liquid, its resistan@estasmentmoving the liquid,
a force behind it, a spatial constraint on the liquid (such as a cup), a periodic motion, etc., etc.
These are not nAcompouslegasdodated.t hat must be | abori

A spoon scooping and lifting oatmeal is yet another event with an integral and complex set of
forces and auditory/visual patterning. A spoon stirring pancake batter is yet a different complex
invariance structure. A spoon digg into and cutting grapefruit is yet another. A spoon
balancing on the edge of the coffee cup another. Now we have the set: SPOON CAN: [stir,
balance, scoop, cutpgain we can askf i re-present SPOON, which event will it redintegrate?
Again, SPOON is roughly equivalent to a static event, a resting spoon. There is little structure to
this cueevent; it is underspecified, yet common to all. It is like sending an imprecise
reconstructive wave with little coherence through a hologram reconstct a composite image
of multiple recorded wave fronts, in this case, spadated events. It is the classic interference
of Mc Geoc h. The brai nds fercetminiag to specifywhssétt does no
This is a completely craz¥bbirghauslike concept of the neural network theorists.

But, as we have seemye can retrieve specific events. The cue mheste the same
invariance structure or a sufficient subset. For the coffee stirring, \weesent an abstract
rendering of the coffeebds radial flow field, or
creating, globally throughout the brain,amore nst r ai ned, more coherent AfAr
To reconstruct the battstirring event as opposed to the cofftiering, we must constrain our
wielding cue differently to capture the larger amplitude of the stirring motion and/or the greater
resistace of the batter

T h e ohérant covariatioithat these networks detec essentially a low ordefiorm of
invariance what | shall term ayntacticinvariance. Though we will discuss syntax and syntax
rules more fully in Chapter V, syntactic invariance is of a very low order; aarlonderas facts
like the nonsense syllable QEZ always occurs with PUJ, or WUX with GEK. Thisasslmple
spatal conjunction of objects. Object X is always found by Y. And this isvég definition of
syntax: laws for the legal concatenation or juxtaposition of objéttdt is a purelyspatial
operation i in the sense dfhe classicablbstract space. The lists of nonsense syllables invented
by Ebbinghaus were nothing but low order syntax rules. To the neural network, its inputs and
outputs are just as meaningléspure syntax rules. This level or form of invariance is utterly
insufficient to capture thedynamic transformations, forgefields and invariance involved in
time-extended evenige coffee stirring This is where theemanticsesides.

Neural Networks versusthe Turing Test

It is a simple fact that we have no problem understandingi A SPOON can CATAPUL
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pea), o f or krio, ean Bepnsented jn, andesupports the forces/invariance structure of,
catapulting. Does this mean that the network would have totrheed, specifically, with

CATAPULT as an output unit/term? b&olutdy, for according to the Rogers and McClelland

model, without the appropriate connection weidigmgtrained up, the network would have no

Afiknowl edgedo about t that the netaockthas to b®toamed fot dvants, likene a n

AA spoon can hammer, 0 or AA spoon can mash, 0 or
does. What this means is that the network would have to be trained for every possible,
unforeseen event in whichspoon might participate, or in which we might decide a spoon could

participate.

Here we have entered the realm of a critique by the computer scientist, Robert French, on the
possibility of computers ever passing the Turing Test. h e f TTuersitnog i s a wel | k
procedure devised by Alan Turing, one of the pioneers of computing. Its purpose is to test
present and future computers (and their software) to determine if the computer has arrived at the
point where it is indistinguishable from aman. The procedure is for the tester to ask written
guestions of a computer placed behind a screen. The answers are returned in written form. Many
think it inevitable that a computer will someday pass this test. Ray Kurzweil, this should be
well before 2045, the year when robots eclipse us.

French, gave a devastating critiqUetlis possibility?® He argued that no computer will ever
pass a test where its answers were compared to humans for questions such as:

f ARat e purses as weapons, 0

f ARate jackets as blankets, 0o

f ARat e knives as spoons, 0

f ARat e banana splits as medicine. o

Humans easily can determine whether a purse can make a weapon (for self defense) or a
jacket can be a blanket. Some of these depend on the transformatiers &an stir coffee just
fine, but are lousy for eating soup. But computers would need to stoexjeeenceof the
human being. For this, symbokyntaxrules and data structures will not do. Nor will neural
networks. The problem equally holds faraluations of statements such as

T PAcredit card is |ike a catapult, o
f PMAcredit card is |like a fan.o
The |list is endl ess. Says French, Aéno a pri

our life experience could accommodateplb s si bl e utterances of the for
X 62° Butwhat is experience? What is it other than perceived events, ongoing over time, which

have an invariance structure? Without the abilitgupportthe invariance structure of events,

theneur al net work models have no chance of f#fAstori
Frenchtoo noted, ultimately these networkges, the very networks of Rogers and McClelland,

would have to program (or train the connection weights)afbpossble pairs of objects and

actionsi andeventhis massive syntactic rule pairing would still be woefully insufficidRé this

critique, effectively an impossibility proof for connectiohisetworksthe connecton st t heor i st s
response has been: Insert head in sand.

What is happening hen, when we rate fia knife @s a spoo
is the projection of the transformational dynamics of an invariance structure upon a possible
component We place the knife withina coffeet i r ri ng event and see if it
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see if has the requisite structural properties to move the coffee medium. So too, when we rate
credit cards as spoons (under a stirring transformation) tanas(under breeze generation), or
spoons as catapults (under a catapulting transformation). The list is endless because the card or
the spoon are fair game for an infinity of transformations under which new structural invariants
can emerge. More pregly, each is fair game for insertion into an infinity of invariance
structures.

The Analogy Defines the Features

Note that thesetatements a credit card is like a
catapult, a credit card is like a faa spoon is like a
catapult 1 areanalogies To account for analogy, one
cannot begin with a preset list of featurése features
emerge under the transformatiom efffect, the analogy
defines the features

Consider being asked to design a mousetrap. %
are provided with several components: a piece of che: @ﬂ
rubber bands, a 120 cubi s, a r a:
toothpicks (the strong kind), a rubber eraser, string, tac
We might attempt to listallthe f eat ur eso of each obiect.
But what actually happens in thought? Our aim mayFigure 3.9. The Crossbow Mousetr
killing the creature, but there is no useable content i
pur el y abst r acisaniaiiahck acrogs.cancretefornis bfikiing. So perhaps |
contemplatecrossbow shootingFigure 39). This places the potential components within a
dynamic transformational structure. The stredbility and force of the rubber bands emerges,
the sharpness and straightness of the pencil s,
which | will tack the rubber bands, etc. The toothpick holds the pencil back, the string is
attached to th cheese and toothpick. dls e f eatures become a (newly cr
I could provide a solution program.  Or, contemplating beheading by axe, the length and
requisite strength of the pencil emerges. | can groove the pencil and wedge thiadazio to

make an axe. The Acontainero property of the bc
axe in the corner, a toothpick will prop it up, a rubber band tied to the pencil and tacked to the
fanchoringo f eat ur dowmowbard forbeeetcf | oor wi | | provi de

These fAfeatureso or Apropertieso of the objec
transformations placed upon them via the invariastacture and the constraints naturally
specified by the proposed structure, e.g., the crossbow requires anchoring points for the bowstring
T the rigidity of the box can provide these. They cannot be algire New ones will always
emerge. This ishie problem with any approach that holds that the features define or determine
the analogy.

Life Defines the Features

The concept that analogy defines the features is profound. It is pivotal to the nature of mind
and thought, completely deterrmi ng t he nature of the fAdeviceod th
is not originally mine, though it may have firs
When | arrived at the Minnesota graduate school in 1970, fresh from the Marines, thegie wa
younggraduate student in psychology there named Jim Reeves. Jim was not too sure of me. He
was somewhat of a flower child with long hair, a beard, and arvantphilosophy. He had a
degree in physics and was brilliant. It took him a cogplgears to come to the opinion that | was
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not a complete idiot

Jim and | took a canoe trip one September in Quetico park in Canada, just above the
Minnesota border. We were out nine days, and travelast a hundred miles. At the
northernmosapex of the tripprobably forty miles above the bordere camped on an island in a
small lake named for the poet, Keats. Two wide, powerful waterfalls poured into the lake on its
eastern side, separated by perhaps a quarter mile, and about a qlewdietanifrom the island.

The whole lake moved by the islandd onward to the powerful Splitfrock falls at its western
end. Sitting that night by a fire on the rocky shore of the island facing the two falls, with the
moon hanging in the sky over thests rising from the tumbling flows, Jim and | talked about the

theory of mind, |l anguage, Shawés notion of HAcoa
In this discussion, Jim, in his slow, considered style, stated out of nowhere that he wagtoomi
the conclusi on that , Ait is the analogy that

implications at the time, but what Jim had seen was radical, far beyond the grasp of the computer
modelers of mind to this day.

But Jim did not live to develop his vision. His family had a history of schizophrenia. One
night a few months later, Edna Green, a mutual friend and grad student, phoned me to come over
quickly. Jim was in a strange, nesstatic state. It seeu to me anearmystical state. He
spoke of being in a new state of consciousness, one towards which many of us were moving.
When | left, he seemed ok, but this state degenerated later, early in the morninegaseeing
Nixon flying around the sky.He was taken to the hospitaHis family, it turned out, had this
problem running in their history. He wasentually put long term on a drug that suppressed the
episodes, but made it impossible for him to concentrate, destroying the life of the mihithin
he had his being. He became so depressed over this, he slashed hia fenstmonths later
We lost the unique exposition he would have given us.

Al and the Problem of Analogy
Analogy is the fundamental basis of thought and language. jueh previous sentence relies

on analogy; it is invoking the concept of a basement or foundation underlying and supporting a
structure, in this case the structure of thought. Metaphor, which is simply another form of

analogy, is the cognitive basisefh gu a g e . Language is Ilittered wi
simply not recognized as such, for exampl e, AHe
the task. o I f you cannot support analogy, you

thought. You have no theory of cognition.

Al comes in two major flavors. One, neural networks, we ljiastsseen. The other can be
termed the fAsymbolic manipul ationdo paradi gm. T
roughly in the 18 0 &This too we have seerlhe GPS program of Newell and Sim@hapter
I) was an exampleConnectionist models were considered more near the biological, and had the
advantage of a natural learning process through their weight adjustmBoth. approaches
continue to vie for position; in some camps they are seen as complements, though no one knows
how the symbolic manipulation model can use the output of a neural network, i.e., how there can
actually be a complementary relationship. It loeo t actually matter. Nei
analogy. Both end at the same place.

We have seefsome of)the problems of the neural networks in this regards. The symbolic
programming method has proffered several models for analogy making, thteamoas of these
being the Structure Mapping Engine (SME)To SME, as in all Al, thdeaturesdefine the
analogy. Thus SME treats analogy as a mapping of structural relations relativedefipee
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features. The solar system, for example, and theeRotld atom both have specific features and

their relationships described in predicate calculus form, e.g., Attracts (sun, planet), Attracts
(nucleus, electron), Mass (sun), Charge (nucleus), ddauglasHoftstadter(author ofGodel,

Escher, Bac)) with his former studentsjup, Robert French and David Chalmelesyel a heavy

critiqgue upon this approach, noting the helplessness of SME without this precise setup of features

and relations beforehand, and with this setup given, the purely syntacticay, neartc a n 6 t mi ss o
algorithmicor proofprocedure that follows. The resultant discovery of analogy is, to quote these
critics, a Aholl ow victory. o

BACON, as another exampl e, attacks Keplerds pi
orbits. It qutckly solves the problem with a precise, tabular representation of the solar system
showing a primary body (Sun), a satellite body (planet), a time T the two objects are observed,
and two dependent variablésthe distance D between primary and satellite, and the angle A
found by using the fixed star and the planet as the endpoints and the primary body (Sun) as the
pivot point?® Kepler, French notes, took 13 years to sift through the data and flawed coricepts o
the solar system to find the relevant features. Yet SME, he notes, uses an entirely different
representation of the solar system, exactly suited to its programmatic purpose, to find an analogy
to the Rutherford atom.

The features on which the dogy is based cannot be preset,-pedined. As noted, it is the
analogy that defines the features. Analogy is a transformation. This is to say that it is a process
that occurs over an indivisible, naifferentiable flow of time. It is supported onbyer concrete
experience or the remembrance thereof, i.e., it is carried onlfttevéransformingmages or the
figural mode. Al based in an abstract time and without a theory of percepti@am support
neither of these requirements for analodyhas, therefore, not a prayer as a theory of cognition.

An Al theorist, EricDietrich, in an essaf2001)wherein he arrived at the principle that it is

the analogy that is defining the featuvYes, dis
Walking in an alley, he spots a configuration of garbage cémstantly it becomes
ifGar bagehenge. 0 I n essence, the static struct

experiences of Stonehenge, whether visits or pictures; the lowly garhagare now exalted in
what we camnalogi®evént. Inahis littfe exampleDietrich was struck by the fact that

at the basis of analogy is an apparently instantaneous operation of memory retrieval that, of itself,
is inherently analogic. As a computer theorist, Dietrich had no idea how this could be
implemented. We have seen that this operation is redintegratienlowly garbage cans were

simply a fistaticdo event. We have Dbeein deal i n
continuous trasformations or change in the external field. Connectionism begs the description of
thischangel t starts after it has crystalized and fro

But it is real, concrete, changing events that drive the brainent& have a structure and the
neural architecture must respond to this structure. It is the invatams®fevents that drive the
fundamental memory retrieval operation supporting analogy

DORA: An Explicit Connectionist Modelof Analogy

Though the Rogers and McClelland model is in effect a model of analdggd oneit is
not explicitly billed as one. We are going to look at one other connectionist model, one directed
very explicitly to analogy. The connectionists know they thaegsount for this, and this model,
appearing in the prestigious jourriggychological Reviewg both typical and perhaps the height
of their efforts. My intent here is rather ruthless, for $hwio erase all doubt that the neural
networkor connections par adigm has the proverbial snowbal
all-important function of mind.
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Doumas, Hummel and Sandhofe

present a model (DORA, or the Discover (A (B)

of Relations byAnalogy) for the learning ~ ©Picet Unit v

of relational concept®. The model ey nme
begins with what the authors term a J [ Zarger+eup | [Smattertthimblc) ::l]?ts
Afholistic represen Cl) A
Aicupo would have &« O CL e
features, represented by semantic un % % %

(Figure 310a). A Ffproposit % =% %

frameworki simply a sentence likei A  Semantic Units Semantic Units

cup is bigger 1 Rsafrjgyre 3.10. The structure of propositions in DOI
representedin the form: bigger (cup,

thimble). Propositions are represented in four layers (Figutéb3, with the justoted bottom
layer of semantiainits encoding features Theset id eatuhes® vy m Ai nval
guestionably we shall seahclude thingssuch asi v i s$nuasant® (round, square), relational
invariants (more, less, same), dimensional invariants -8sizeize5, colorred), complex
perceptual/cognitive properties (furry, barks), category information (apple, laghis scheme,
isibdeali ar ger size of something -dD.ndo t)he Asi zed di me

The units of the second layepredicate and objeciits (PO)i code for individual predicates
(relational roles or attributes) and objects symbol for he objectcupin the propositionbigger
(cup, thimble) is connected to a set of semantics corresponding to the featatgs(tmfund,
handle, shinywhile the symbolfor the relational roldarger is connected to a set of semantic
units corresponding to its (the r ebinding{(R&)n al rol e
units, encodes the bindings of relational roles to tfiilers.0 In our sample proposition,
bigger(cup, thimble), cupandt hi mbl e ar e t he Wggdrthan eThus,onthen t he r
propositionbigger (cup, thimble) there is an RB unit representing the binkdirger(cup) and an
RB unit forsmallethimble). The final layer is comprised of a set of proposition (P) units which
binds RBs in multplace relationswhere oubigger(cup, thimble) is a such a mufilace (here a
two-place) relation.

This scheme or system, the connectionist theorisés tiiksay is compositional We are
ficomposin® the multiplace relationbiggercup, thimble) from the lower level elements.
Compositionality is considered a big thing in Cognitive Science theory ever since a prominent
theorist, Jerry Fodor, declared i be acritical aspect of cognition and demanded it as a
capability in neural nets (it is just a given in the symbolic manipulation model, i.e., given away
for free, just like Afeatures. 0) We Oterl vi sit
V.

Wecanne gl ect tprbcesdonthelferinadion of these connections. What | wish to
note immediately is that the authors acknowledge that while the model is developed almost solely
in the context of dimensional relations suchlager or smaller (where the model will employ
uni ts for ¢ om{ avreirssoundspthkyiirssethdt shé moelel will equally hold
for the relations involved ieventsin their example, theuse theevent ofchasing A relation
such aschasing they argue,differs from one such abigger only in the semantic features
composing it. When a child chases a dog or a butterfly, he can compare the experiences and
Apredicate what it feels | ikeo t othefeelingpparec haser .
likely to include those of motion, running, excitement, a sense of pursuit, and the chaser role thus
gains semantic content. The same will hold for experiences (and the role) of being chased, and
thus the child has the opportunity to leavia a key operation for the model, namely the
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operation ofcomparingthese experiences/events, tblaaseis a twarole relation in which both
objects are in motion, both experience excitement, bubbjeetwishes to catch while the other
wishes to scape.

The model, the authors note, does not speak to where the semantic invariants underlying
chasescome from, but it does speak to the question of how they eventually become predicates
that can take arguments and can therefore support compdérnal reasoning.  Their claim is
that human cognitive architecture, starting with the invariants or regularities in its environment,
isolates these invariants and composes them into relational strutikeese have seen above)
and t hat @@ RAcbanismis eaa convert these into explicit predicates and relations
that make reasoning possible.

This claim is the critical issue. The claime saw,can equally be found, in only slightly
less explicit form, in the extensive connectibnisodel of semantic cognition of Rogers and
McClelland. Doumas et. al state explicity what has been an implicit assumption of
connectionism, namely this: a connectionist cognitive/memory architecture can simply inherit the
results of perceptual procesgii t he fi s e ma n tiiarmd bégin fraanrthera. nThis, & not

the <case. An fAinvarianto has been trivialized
connectionist theory presumes it can use as an abstract object in a rule sysisnis the

fundament al , Asi mplifying assumptiondo of connect
can parsed into a set of static properties, feat

a connectionist rule/relating systeritVe have seen that thenfdamental operation of memory,
redintegration, is driven by the invariance laws dafirovertime-flowing ecological event$

i nvariants that doThes®dvents ganmttbe reducedhtn stafici progettiesn t . 0
features, o r itedl framvparceptiannas sodnectionist enodels use this terhe

very processes of perceptibnconcrete, physical, dynamifipwing in time and unusable by
connectionisni are already the basis for, and operatingedjntegrativenemory retrieval, long

before connectionist networks even engage in the sudffectheir simplifying assumption.

EventiGeon® and theRealOr i gi n of Event HAFeatureso

The spoonstirring-coffeeevent is a dynamic transformation of a portion of the ecological
world. Something would be required to accomplish the work of partitioning it into the semantic
features with which connectionism begins. Rogers and McClelland imply it has been partitioned
into STIR and SPOON, with SPOON partitioned into the features it HAS and IS. But STIR is a

hi gher order concept covering a very complex tr
a force, o0 it is fApushing Bdealigquoiopbexhealiaqun
the spoon is fAclinkingd against the side of the
Aperiodicity,o it is #Arigid,-bikée bfaal at yed tiati ni
Allthesearce o mpl ex patterns, for the visual motion as

motion as complex atheil wi e | af th@ gpoon where there is arertial tensor(a set of
forces)and adiabaticfiequencyenergy) invariant. The above is an arb#iry set. None are truly
separate, theventdoes not happen without the spoon, the fgride liquid, the container.

Meanwhile, across the table, big sister is using the spoon to scoop cereal. Again, another
complex transformation. The spo@applying different forces, a different motion, a different
visual transformation; the Rice Krispies are parting, piling into the spoon, falling off. Or little
brother is using the spoon in ladlisgupi another complex transformation. Yes, it makesse
to ask, given a SPOON, what can it do? fetknowit makes no sense to be attempting, via
weight adjustments, tee-link spoon to stir, or spoon to scoop, or spoon to ladle. These events
(spoon stirring, spoon ladling) are already inseparably evieénts. What does make sense is to
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ask how SPOONas a cuecan redintegrate a set®fentsn which it participated. But this is an
entirely different operation, as we shall discuss.

Now we imagine a set of stirring evelitsa spoon stirring cereal, a spoon stirring soup, a
spatula stirring cake batter, a board stirring cen(Eigure 3.1). Considering just the general
visual formi the radial flow fieldi there will be an invaant form across all these events. But to
obtain it, there is first an important and disturbing implication for memokg a position in
memory theory, known asxemplartheory, insists uponall our experiencesf these stirring
events must be storét. The abstract invarianttiging -motion, does not exist unless the separate
events also exist across which the invariance can be defined. Given this stack of events, we could
obtain an abst r acitin tfuth, anerely aehjghecc oadenNiariaindeacrass thd r | 0

radial flow patternsof al hese event s. This we could fattachc¢
relationu n i t (or STI RRER? Bot h?), t hough-untshe noti o
becomes clearly a bad misrepresentation ofehéity herei it is already inextricably part of all

the events over which it emerges as an invaria

Awielding, 0 an abstract fite-d-cii nrkcil negd, Omoatni oanb sotfr aart
instrument, antast r act oOresi stance to the motion, 0 an ab
et c. And how could this operation, defining ar

_r

We require an operation that takes an entire stack
fully specified (multimodal, timeextended) eventsauch like
the computer scientisGelernterenvisioned, collapsing them
such that the invariants stand out, thariants becoming
noise®? As we have seen, tlidassic, concrete embodiment ¢
such an operation is exemplified by the recording of
succession of n wave fronts on a hologram Figure 1.4 we
used different object$ a pyramid/ball, acup. Now we

imagne usingsimply different cups, whereach cup is of a
different form. With each object waveflected from a given
cup, we pair a unique reference wave of frequengygréating
a unique interference pattern for each recorded objace/reference wav pair. By then
modulating a reconstructive wave passing through the hologram to each successive frequency, f
we reconstruct the image of each cup uniquely. But if we employ a less than coherent
reconstructive wave, a composite pfhiru f,, we will reconstruct a fuzzy image. The invariants
across all the cups will yet stand out, the variants being confused. In this operation, we did not
begin with separate features of the ¢ujne cups were a wholeand only through the operation
did semdrmuates Ofifséa and out .

A

Figure 3.11. ee
stirring events.

These higher order invariaritsin essence, classésemerging via our reconstructive wave
operation, are the Ainvariantso DORA intuitivel
exist only over the complex invariance structures and dynameextended patterns we have
discussed.lt is not just cup, it is timeextended events like stirringhei n v a reimargencs i
dependent, in this scenarion a form of redintegrative memory operatiaetrieving sets of
whole events and their structures, that is radically different from the memory operations DORA
envisions (and which we will see it subsequently employ). Even with such an operation, we
would yet question how or why a separation openahow occurs to carve the invariants into

independent fAfeatureo units that are now | inked
Curiously, Doumas et al. approvingly invoke th M orige on o mod el (see Chapt

22) asaprimeexample® one of c dtnumghsdinithes casesimtdesealm of object

recognition. We have seen thatthis absur d; Shaw and Mcsthist yreds w
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static model Further we noted that the geon turned out to be a handy way to holdttive $eat

the cube together as a whole, elsegbparately storefibatures could be put back together in all

ki nds of ways, none | ooking | i kbkandydiceireonrthegi nal C
top of the puzzle box that gives us a clue on hm¥it the puzzle pieces together. Yet we have

the same problem for t he 0 e weaenriftwe dad this secannecti o
complex features linked to the relation, aein the same shape as in the decomposition of the

cube into featuresNow we need fAevent g e ostirgnggeondonidthepar t i cul
decomposition of the stirringvent (both arbitrary and with no definable limit to the number of
Afeatiotoseaticbh @ at ure units att achewehavelosathegwbalst r act i
picture of the transformation.

If you have lost the global picturd the transformation, you have lost the ability to form
analogies. You can no longer place a pencil in a stirring transformatsimrorg event and see
if it will work, t hat i s, see | f the requi siaspoonirfae at ur es 0
catapulting event. You have no event&@u have no analogies.

The DORA Comparator:i Feat ureso = Whol e Events

DORA employs a comparison process acresB a t i eventsgaor bester, partial
fragments of events, but it starts this higher up its hierarchical stryofufégure 3.10) As it
assumes there is a featfiragmentatioraccomplished (somelw) by perceptionlet us consider
this further for a moment. At this level, DORA envisions comparing object units, finding
common features and creating single place predicates. Thus we miglsploongndspatula
into memory, andattuamea, a8 maomanoyn, fAfstirrer . 0 Thi
explicit property, HAstirrer, o0 and stirrbrfsmonyan be bc
or stirrer(spatula). Everyfeature in common between the two objects, according to DORA, is
also linked to this relatio(stirrer).

This is the first probl em: I f Astirrero is a
possibly be other than a full stirring event with its invariance structrest'wh at i s a #Apar ti
stimi ng event such that we only have a fistirrero a
the two objects the fisame, 0 wwentsnButthe twbeventsmp !l i ci t
T spatula stirring of a cake batter and coffee stirfilgvesimilar but different radial flow fields,

different values of wielding, periodicities, acoustics, etc. How does the rwibl only its

abstract symbols and tokerise t er mi ne t hese t wo Holvdoastitdoeris 0 ar e t
achieve this withouan actual physical comparison?

The second problem: FiguB12 shows the dilemma, for there | attached features to spoon

suchaswieldind (i . e., some ar bitrar y,chcing,lrigideetc. Aror wi el di
thesepart of the object, or part of the event in which the object participated? In reality, they are
part ofstirring. If they are part of the spoon, how are
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The third problem: In
DORA, all features the two
objects share in common an urll)its
attached to the newly formec
stirrer relation. The spoon [ Stirrer+spoon | [ stirred+cottee |
occasionally sits on a surface, s
does the spatula. Both arn
occasionally washed. DORA
cont aipmsunandgo |
rid predicates of such extraneou
features, but unless two object
are compared, where one obje:
stirs but is never washed nor res
on a surface, these features cot
not be pruned and would remain
with stirrer forever. This is nonsensical. How could these feat(nesting, being washed)
possibly have been part of a stirring ev@atation)in the first place?

RB
units

PO
units

Semantic
units

The origin of these dilemmas is thendamentafi s i mp | i f y i nafcomnecsonisnpt i on o
whereby the ecological world is viewed as objects and properties, with properties attached to
objects. But objects are simply special cases of an event. In turn, anesgjectis always itself
nested in some evehtthe spoon at rest is an event,tloe spoon is stirring, it is scooping, it is
cutting cheese, it i s «cat ap uorduiingtlge sgecifip evant. I'ts 0
It is events that are primary. And events have a structure over time that is resolutely ignored only
with the consequences abovEhe cheeseutting spoon, the soestirring spoon, the pea
catapulting spooifi a | | show different properties that ar e
spoon. APropertiesodo of objects are always funct

DORA the Brittle

| can take the analissof DORA relative to actual, ecological events no further, for other
than the brief comments arhasing the model 6s mechanism for ac:
events is in factnonexistent There is no algorithmic engine to create the proposition
gtirring (spoon, coffee) from the single place predicatesh astirring(spoon)(which themselves
have the strange origins noted). The current engine is a comparator that operates on propositions
which have a dimensional valfor example, dimensions such as size, height, length, weight)
| f DORA #ft hi nks o0 -GandaGAT af siZaOtie canparasoi, detecting the
di mensi onal val ue, | i 6 k ¢ maxersiiel@ @) e 0 rred laa teidont ot @ h
andlesasizé4 0 f or the CAT. I f this pattern remind:
same type between a BEAR (more+sieand a FOX (less+siZ&), a further operation now
compares the CAT and DOG units to the similar setup for the BEAR and FOX, elyentual
spawning a new unit, BIGGER, bound to BEAR and FOBigge(BEAR, FOX).

Given thecomplexitiesof the subject of analogwith the concrete dynamics of the events
involved this is an extremely loslmorsepower analytical engingomething likeopening the hood
of your Mercedes and discovering fottyo chipmunks winding a rubbdyand. Obviously, a
qguite different engine i s needesdir(spoon, ecoffee)at e an e
There are ndhandy,nicely programmeprovidedvauess u ¢ h  a6so fosr-dozbesly upen.

I will submit that any system proposed will have, lurking in the backgrotvedimplicit
knowledge of thalynamicstructure of each event (e.gtirring) it is dealing with. Without such
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event stucture constraints, what would prevent DORA from thinking abstirter (spoon) and
chase@Mary), andfibeing reminded of a previous comparisosiirrer (spatula) anc¢hasedJoe),
proceeding talerive stirring (spatula, Jog).e., the spatula stirs Joe

The proposition,taring( spatul a, Joe), is the essence of a
a sentence, it takes its place with other sentences that are syntactically correct but seem to have no
semantic justification:

1. The leaf attacked &hbuilding
2. The shadows are waterproof.
3. The spatula stirred Joe.
4. The building smoked the leaf.
Katz and Fodgr ear |l vy i n t he game, tried to sol ve t
assigned to each lexical item wh a t i s tdeep steictred t lnd fa *sThesé enc e

i ma r kwere simply syntactic rules trying to represent physical constraintes attempting

to do the work of the invariance structure. The "leaf' in (1) would thus receive a marker

denoting it agnanimateamong otherhings, while "attack" would receive a marker requiring its

use with ananimateobject. Having incompatible semantic markers, such a system brands the
sentence as meaningl ess. AStirringo would have
be, say liquid. Joe, having no such marker, would have thus been seen as illegal in (3) and the

string also branded as meaningless. Unfortunately such sentences can appear very meaningful.
Sentence (2) would also have incompatible markers, yet is perigeitpreted as meaning that

we can throw as much water on shadows as we like and they will be unharmed. As for (3), we
caneasi ly make sense of this sseftwdresysteneis likdialr he bad
spatula, stirring Joe, the programmiemt o an anxi ous mess. 0 Such fac
relaxing the rules," but the rule system quickly ends in anarchy, being so flexible that it is useless

as an explanatory device.

What we have been exploring here is the greatest umsphadlem of Al. It is termed the
problem ofcommonsense knowledgAnalogy is simply an aspect of this general problem. The
ability to see that purses can be weapons, or spmmise catapults is pagnd parcebf this
general problem. ltssources i n Al &6s inability to deal with t
itself a problem of perception and tim&/e will see this in another ligfChapter V) when we
visit the support invokettom Al by apologists for the theory of evolution.

DORA: Fully Mired i n F r émpassibdity

In the DORA model, the creation of BIGGER rested on the setup of the dimensional
features, e.g., sizZe, feeding its comparator. Ignoring for the moment that DORAmMparator
is not even close to something thah dendle actuakcological events, let us suppose we have
formed single place predicates (SPs) suclsteed(coffee), stirrer(spoon), andstirred(paint),
stirrer(paintstick). According to the model, a pair of single place predicates enters working
memory, in this casstirred(coffee) andstirrer(spoon). These af@mapped as a unit onto other
SPs, in this casstirred(paint) andstirrer(paintstick). This maping serves as a signal to link
the SPs into a larger predicate structure, gtingpoon, coffee) and/atir(paintstick, paint).

This is simply a syntactic mappindt is simply a proof procedure carried out in a fixed
Afobj ect | ateggrizatian efdhe world. dt has nothing to do with analogyis Iased
on the fact that we attached fAstirrero as a feas
Given the precise setup of the SPs, the mappamgccur via an algorithm. \ihout this precise
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setup, the process is helpless. The network has no ability to recognize the validity of, or create,
multi-place predicates such asir(knife, coffee) orcatapul(spoon, pea) without this setup.

Again, it is another example of thenvdili t y of Fr élnerisdathing in the netgyarke .

unless it has been specifically trainedn d t he @Af eat ur etsabwowddpsepportf i cal |y
these relations The knowledge which supports these resides in the invariance structuretsf even

and these structures are nowhere near representation in this model. The real preldamjs

the ability tocreateobject languages.

We have already notedhé helplessness of these kinds of analogy models with@t th
Apr eci,fer examapleupESd seament of the solar system and the Rutherford atom with
the features of each nicely predefinadd with this setuprovided the purely syntactical, nearly
Afcanot mi sso0 al gor i t,lohias notedr theeselthntir heo | tl hoawt  vfi oclt! oorwys.
In essence, connectionism has moved into precisely the same critical, problematic area and taken
on the same ills as the symbolic manipulation paradigm. This is to say that it is equally helpless
before the problem of commonserks®wledge.

Experience has taught me that connectionist theoistariably failing to grasp the general
point hereon theexistence andature of invariance structurdefined over dynamic evenand
the necessity to actually engageariancelaws, will simply point to some otheconnectionist
model undiscussed herehis other modelbeing the fianswer 6 ndeedDORA is but one of
several implementations of connectionist architectures which aim to implement the construction
of analogy. Onetha was pointed out to me g@sirportedlyfar superior to DORA was éhVector
Symbolic Architecture Thisis an effort to implement a more biologically plausible, more
efficient architecture without using the troublesome backpropagétiermanual,error/wéaght
adjustmentimethod of DORA* Nevertheless, the fundamental view of analtggxactly the
sameacrossthis andall these models, namelyanalogy depends on a systematic substitution of
components of compositional structures. The systematicity and compositionality are considered
the outcome of two operations, namely, binding and bundling, where bitieg&fdlers (Spoon,
Coffee) with roés (Stirrer, Stirred), and where bundling combines these roleffiller bindings to
produce larger structure®.g., stirred(spoon, coffee) Therefore the very elements of the
composition, i.e., the features of objects, must be predefined, the valueg selations fixed
all for the sake of allowing a syntactic process to unroll.

There is another famous problem in Al, termed tiieame problem dt is but a varianbf
this wide-rangingproblemof commonsense knowledgeéPut genelly, the frane problem asks
how a robot determines that a change in his environment is an expected changésranatbot
stirs the coffeelet us imagine thathe coffee cup bulges in and out, or floats above the table, or
the coffee makes saund)a tha lmuid poovides dadrneous rgsistance like
cement, or the surface spouts small geysers. Are these expected aspects of the event? Must the
robot be checking, instant by instant,disat abase of i f e agea if tbesedareof t he
expeted features of his worldo be constantly performing such a massive database check is
extremely expensive (read impossible) computationallye sbfution to this dilemma remains to
be found. We will visit the frame problem in théhapter V. There is a better way.

Failure to Net Quality

Consider the concept of fAmellow.0 The word ha:
being mellowed with age, a dimension of the word we apply to taste. We speak of a violin being
mellow or of asong being mellow, a dimension applying to sound as well as mood. We speak of
the interior of a house or room being mellow, referring to the visual. We can say "mellow" of a
soil. The concept of "mellow" expresses a very abstract qualitative invadafioed across
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many modalities. At the same timgthin each of these dimensions it is a quality that emerges
only overtime, within the experience of a being dynamically flowing over time. "Mellowness"
does not exist in the instantaneous "instant." fhility can only become experience for a being

for whom each Astateodo is the sum and reflection
the reflection of all/l those preceding it, a bei
oneanb her . | f we take this to heart, we shoul d sa

invariant defined within and across modalities and over time. It is not a homogeneously
represented invariant, nor can it exist in space, when space is definegl asstiact, three
dimensional, instantaneous crasction of time.

Yet, this instantaneous, Mellow
homogeneous representation is exac
what Al, in either of its flavors, would /\\
propose. The data structure supporting Violins Wines Personalities Rooms
symbolic program would consist o
Ainodeso with abstr / 0

as for example in Flgur813 We can Music Instruments Grapes Bill Drapes  Chairs Tables
easily imagine the network of Roger /\ l l

and McClelland being extended t

i ncorporate fimel |l ¢
things like VIOLIN IS {mellow], ROOM

IS [mellow], or SOIL IS [mellow]. That
these syntactic structures have nothing
do with the meaningof mellow is

obvious.

Piano Fruit June Colors Furniture

Clarinet Cherries Apples

Figure 3.B. A (rough) data structure of nodes witl
links or pointers to various concepts.

Rogers and McClelland presumably believe that VIOLIN and MELLOW are somehow related

to other parts of the brainés neur al net as it
then we are back to the question, where is the |
it weights to fAassociateo violin and mell ow?

aspect of the event, just as we said in regards to all gectasof the coffee stirring. Again,
these Acomponentsod of an event dondét need to be
of these components in an evédnihameless invariants t h a t have no fAsymbol o

existence can suddenly becomé que obvi ous. |l say, for exampl e,
snap, crackle and pop. o This is obviously a vi
happens to be the source of humor; one can imagine this scenario causing laughs imtad anim
cartoon. But what is the fAnodedo or symbol for
we would link something to in our neural net? And again, this network cannot possibly account

for the emergence of analogy, where suddenly, for examplec ul t ur e, as i n the 19
is cool to apply this quality of mellowness tpersonalty as in fiJoe is mell ow. 0

Robotics and Consciousness

In 1997,1 B Méhess playing machine, Deep Blue, defeated the human world champion,
Gary Kasparov, 3%2 games to 2% games. In 2806ther chess comput@&eep Fritz defeated
world champion Vladimir Kramnik, 4amedo 2. The computers have reached thihievement
due to increasing processing power, sophisticated algorithms or methods to calculateythe
rangeresults of a given move on the boaml the order of a dozen moves in the futwedthe
addition to the computer@emoies of a large catalog dboardconfigurations on the order of
50,000,and thenormal gameresults that tend tensue once such a pattevocus. A current
board configurationin a gamecan be matchedn this memoryagainstthis large catalogue of

84



Chaper Il Retrieving Experience from the Holographic Field

board configurationandthe resultsthat tended to occur given such a pattern on the bodite
endresult of all these improvementsgether withthe addition of yet more processing powsr,
making the maching p | a ¥ whicls abeunfazed by fatigué nearlyinvincible.

The image of machine dominance at chessaken asa harbingerof what is in store for
humanity Things appear ominous. It lends credence to Rayzkw i | 6 s predi cti on
fi'si ngu(The Singwadty is Nedr Compared to the turtike, 100 meters pesecond
transmission speeds of neurons in the human brain, the circuits of robots will suppdightear
speed transmission velocities. Every good architectural aspect of the humgnKoraineil
assertswill be exploited and amplified, doubled, tripl@dpower by electronic components. We
will end incorporating these components into our own body, amplifying our intelligence. But the
machines, unfettered by biological limitations, will assuredly continue to evolve more quickly.
The year of this tippig pointi the singularityi Kurzweil boldly predicts, will be 2045.

Chess, however, would be the wrong subject from which to take encouragement. It is a
i ncrow o r | d . avery constrained e v.@ The gamehas a very finite set of pieceanda
finite set of moves each piece can makes the permutations and combinations from this finite
seti the number of possible games that can playiothat is huge. But the elements and
i mot,0 that s, simplythe change of positions, ithis constrained raro-world can be
represented as internsymbok ina computerlt is perfectgrist for the abstract spacederlying
computing The complexityhere arises from the infinite variety of patterns these piegds a

motions can take in their constrained spaeel |  wi t h a fi nal goal of a #fAc

The creation of a micraorld was an early strategy of Al to conquer the problem of
commonsens&nowledge of the world.In the early 1970'sTerry Winograd then a graduate
student at MIT, constructed a program called SHRDLU as an approach to computer
understanding of natural language sentefitesThe sentencesnput to the programwere
restricted to a very small, wellelineated, simple domai a micreworld. This world, for
SHRDLU, consisted of nothing but a set of blocks on a tabletop displayed on a computer screen,
together with a hand for moving them about. The blocks came in different shapes and colors, and
could be stacked upon one another, eag.pyramid atop a cube. The computer kept a
continuously updated database of which blocks were where, whether a pyramid was atop the
cube, the cylinder next such and such alock, which block was held in the hand, etc. It could
answer guestions such:a

User: What color is the block on the red brick?
SHRDLU: GREEN.

User: Shape?

SHRDLU: PYRAMID.

User: Grasp the pyramid.

SHRDLU: |1 DON'T UNDERSTAND WHICH PYRAMID YOU MEAN.
(There are threpyramids in the scene.)

The micreworld, however, is again a predefinédbject language specifying the problem
environment and the relevant features theranfwhich SHRDLU works. The feature set of this
"world" is fixedT the properties of thblocks, their mog-ability, their ability to stand on another
or not (the cube can't sit aap of the pyramid), requirements for support, elhe rest is again
simply a form of fAproofodo procedure taking place

SHRDLU, given its complexity and programming ingenuityas rightly hailed as a great
achievementbut wrongly seen aa precursor ofjreat the things to comé&Vinograd himself,
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intimate with its limitations, repudiatedthe entire approach in relatively short ordewith

Thomas Flores, he moved to the concepthef i si t uat ednesso of a being
rejected the view of cognition as symbolic manipulationndérnal representations that are

understood as reféng to objects and properties in the "external" world. Followltartin

Heidegger's philosophy of bekhiig-theworld (Being and Time1927) Winograd and Flores

noted:

Heidegger makes a more radical critique, questioning the distinction between a
consaous, reflective, knowing "subject” and a separable "object.” He sees
representations as derivative phenomenon, which occurs only when there is a
breaking down of concernful action. Knowledge lies in the being that situates us
in the world, not in refictive representatiofi.

There is only one way to understand tiatherabstruse passagé&Vi nogr adés fAsi tuat
i s precisely Bergsonds uni on Heifleggerwhsjwellcatvareand o bj
of Bergsonl n Ber gsonds model of perception, there ar
internals y mbol s for t he fnclowaxlktsats HRDLtUh @ se Xitl @rorkkalng o a
are no internal s y morthe tomtindcolre t M b © fi Brétgemibectg 0 f | y
precisely wherghey arespecifiedto be, externally, in the flowing mattéeld. The Asymbol s o
are the blocks, right where they appear to beh e A siytnelflpright where he is buzzing
the symbolis the cube, right where s rotating. Wh a t we nor mal |iythet erm fisy
symbolsor imageswe use in representing the woildnly arise when we have to go back into
memory,when we have to redintegratehen we have to recall an event or events, when we have
t o fr e ppieeesoéthet wiorld 40 ourselves via an image of memory. fihise pr esent i ngo
stateisnowHe i de diperc@k down of ¢ on arenomrefledting,aehttingppn, 6 f or
without representation on the concrete objects of the wasldvhen we are simply and naturally
picking up the blocks, reaching for the @lydriving down the flowing road.

e

This is why robotics is inescapably tied to the problem of consciousness, and in turn, to the
relation of subject and objecnd thus to the flow of mind in a nedifferentiable time Current
robotics theorists, however, already wish to claim their devices are conscious, or nearly so, and
can be made so with fAnewo archit emachineshat t hat ar
alreadyexist A 2007 issue of thdournal of Consciousness Studfeatured a number of such
theorists on the subject of machine consciousidss.level ofnonawarenessn the nature of
the true problems their robots faoe their way tdeconi n gons@iausdis vast.

TheRobotsCa n n ot thé@ Mablems

One theorist, Julian Kiverstein, begins withat, on the surface, seem s awareness of the
ficoding problemd f a c i n-gespecting rotmotdé rfotes:

I ndeed when we i magine a zombi e, arenot W €
existence is much like that of a robot? We imagine something that makes all the
right moves and produces all the right noiseg&n though all is dark withinthe
machine hasminner mental lifé’

This is a compelling intuitia of the probleni this darkness within But Kiverstein takes
inspiration fromstudies using a Tactile Vision Substitution System (TVSS). With a Tdésiee
optical images are picked ypa a heaemounted camera and the signals are transduced to
array of stimulators o p e rskiro Jéirgy a TVSS, people who have become blind report
something venyakin tovisual experiences of external objectSritical to this is that the person
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actually contrabthe camerd whi ch i s to say it is actually mourt
this setup, he or sheeceivesdirect feedback as to how the optical information changebeas

p e r s mavanents changeyhich is only to say that it is i connection to movement and

change that ignablingthe isolation of the invariants from the variants, ilee detection of the

invariance laws.From such studies, Kiverstein concludes that all that is required to account for

conscious perception,igsit h a't the machine understand the pat
bet ween sensory stimulation and movement. o

Magically here, the coding problem has again been solvdte optical stimulationnow
transduced to tactile informatigulaying on the gk, is yet a coddor the external world The
action which the information is related ts only another form of code; is not the external
world. As per usual, there is absolutely nothingthirs theory to explain how amimage of the
external world ases fromeither of these two codes drer combination. That such a TVSS
setup is again allowing the brain to create the modiilateve patterns passing through the
external holographic field and specifying a reduced form of image of the €ield reaity, a
memory imagé this we can understand. BKiiverstein is not saying this, and to make sense of
this requires the framework on subject, object and time wivethave seen in Chapters | and Il.
Simply assumed here alson Ki ver st sthred si pgadlmatriyomme malt yo t hat
perception the rotating cubes, the buzzing flieshat allows this specification of a past motion
of the external matter fieldBut the complete lack oiwarenesshat we must account for the
time-continuity of perception and therefore the memory that underlies it is endemic in these
theories of robat and their possible consciousness

To add to this conf usiindnm,e Kiuvreer sttheeionrGyws oefntfrcamn
symbol manipulatiomnderlyingt he comput er metaphor allows him t
special about our biological wetwabeAs long as we create a system which connects sensory
information to action, we will have consciousness, whatever the matdy@li$ silicon, wire,
fiber optic tubing, etc. Again, we have tingisguidedidea that employing logic and symbol
manipulation is all that is requiredRemember, Arnold the Terminator connects sensory
information to action. He is still blind as a batost is all notionheretha, indeed,like the AC
motor, the actuadynamics, the forces and masses and fieldgshgéics e.g.,the concrete form
of a concrete wave passing through a concrete holographicrfiaidbe all important.

But Kiverstein is notquite satisfied. This is not the

ultimate solution after all. Something more is needid. Stored_
addition, there must be a formfo fcomp Regularitics
mechanism. Té comparator constantlgompares the ’ @t—‘mwﬂr
result of an action by the person to a prediction of 1 Comparator|e—  of
results of the actiorSo there is always a prediction, the \Predictions)

an action, then a comparison of the actual event to
results(Figure 3.14). For example, argues Kiverstein, a Plans
object will look smaller when seen from a distance,

larger when one moves closer, yet the size of the object Is
exper.i 'enced as constant. Figure3.14. A
size of an object across changing expa@snbecause ont .
has correct expectations about how an object will IookSyStem' Here Images or
various dSo snokedhere lkelyunknowingly, SNapshots, stored in memory,

isa 170006s t heoreyonthé natBresf sizgmat ched agai nce
constancy which Gibson transcended sixty yearqaged images of the external world.

in Chapter I) Beingignored isthat size constancy is specified by the constant relation of the
texture units occluded on a gradient by the height of the object as it moves back aiidaforth

|

follti - ri n S
nCompaDe ence
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invariant over time, overthe flow field that is useful for spdging possible action. But

Kiverstein, as most theorists of -salled robotic consciousness, is unaware of this. He is
conceivingof thebrainat ataker of i s n a p s laflotv ietd. This is to sayto him, time is a

seri es of If, meacrsshapahdthgre i a@imatchd between expected result and actual

results, the match results in a form of seMareness.e., consciousnessso it is, apparently, the

comparator thasupposedlexplainssel-awarenesBut the comparator, as it pras instant by

instant in this model of time, can have no continuity, no memory Each HfAmaacho i s
comparison of two symbols imather instant. Enceit implies no consciousnesso awareness
whatsoever.Arnold does the comparator thing too.

Yes, he Acomparator 0 i s fsamplep orgnapshots af eveneventb ased on
such as our rotating cube. A snapshot is taken ofataéingcube and compared to a predicted
snapshot. Imagine, sitting in your chair, watching the wdplsube. Somehow, the robot is
supposed to be generating predictisammple by sampjef a flowing event What is the time
scale of these samples? Each nsmcond? Each micigecond? We have seen in Chapter I,
when discussing the wobbly cube, tlia¢re can be no such snapshatse information for the
form of the cube, whether wobbly or rigid, is not found in a single snapBhete are no edges,
no vertices, no flat surfaces in a snapshohe fact is, this comparator conception is bujion a
lack of awarenessf the modern concept of velocity field flows underlying the form of the cube.
And thisfailure of awarenessf the theoryand problenof perception isabsolutely ypical in the
robotic literature.

Finally, not satisfied with s, Kiverstein introduceyet another ultimate ingredient. This is
agency or the intention to perform an aar to plan But invoking fAagencyodo i
beg the question, fdiagency too already implies consciousnedsimpliesat least aimage and
a thought of a goal that can be sustained over tiraa extendedime. The robotics theorist
tends then tdook for a more mechanistic method sfipportingplanningin arobot For this,
Kiverstein invokesi me aeemd 0 a n avlheres hase. we seen this notion before?
Unfortunatey, in 1972 Ne we | | and Simonds Gener al Problem So!
i me ema s 0 arheanhogksyi used it to get to the banar@PS usedt to solve logic
problens. No one will accus&PSor a computer running itfdeing conscious

Explicit Memory vs. Robotics

The above subject enters the great probleexpficit memory, another problem of which the
robotic consciousness theorists are appareméware Explicit memory requires consciousness.
What is termedimplicit memory does not require consciousneBsough the distinction is
ubiquitousin the memory literatutethere is no understanding in the current theories why this is
s, particularly why explit memory requires consciousness or what this meRemember, all
current cognitive theories have no role for consciousness.

Implicit memory as a concept arose on the discovery that amnesics can exhibit a form of
learning, a learning they theeiges are not explicitly aware ofA famous amnesic known as
H.M. shows daily improvement on tracing figuresaimirror tracing apparatus, but fails each day
to recognize the experimenters when they arrivi®o oemembethe mirrortracing apparatus. To
H.M., he has neveseen the experimenters rawnemirror tracingbefore. On the mirror tracing,
given his daily improvementH.M. is showing implicit learning or memory, but has no explicit
memory of any of these eventsthe people involved.Amnesicsit turns out,can domanytasks
thatrequireimplicit memory. These include:

A New rule learning for verbal paired associates
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A new artificial grammar

Classification of novel drawings relative to drawings previously seen

Mathematical problems

Even the answers to anomalous sentences, e.g., "The haystack was important
because the cloth ripped." Answer: parachute.

Word processing (computer) skill and its associated vocabulary

> D> >

There appears to be no limit, no limit, that is, as long asabk does not require the amnesic
to place an event in the pdStWeiskrantz expressed these amnesipable tasks as tasks which
do not depend on a "joint product” relating present to past (current event x stored event). The
amnesic simply cannot perin this product, this fundamental compari$goresent x past But
notice this comparison process is exactly what Kiverstein is presuming happens in his
comparator. So why is his robot better able to do this than the amn€sit@nt theory has no
ansver to this, in fact there is virtually zero discussion dratumakesxplicit memory different
from implicit memory As far as | can determine, there is one journal article on the subject
of why explicit memory requires consciousness, and it is mimél not got into it deeply

in this book®® Ashortsketcto f t he signi ficance asfsufficient. s fipr esen

It is generally accepted that it requires roughly two years for the child to develop explicit
memory®® Something isoccurringin the brain over these two years in the wayaafynamic
organization which eventually allowike brainto achieve a complex dynamic state. This does

not mean, pt he way, that experience is not istoredo

brain, far morephysically complex than anything of which the robotics theoriss baer
conceived, requires two years of dynamic orgagizo achieve thisability to perform apast x
presentproduct. It apparently never occurs to the robsticeoristto ask what is going on during
this time and why the brain must go abouinithis way, whereas tirebrilliant robotsfind it
unnecessaryperforming it with a simple i€heck comparisowf symbols To the great child

developmental theoristPiaget this dynamic developmentin t h e brainds organi z

underpinning the birth of a correlated set of fundamental contepasisality,Object, Spaceand

Time. | have termed this the fmil@agduslythis Eommexip | i ci t
giving hirth to, and required forthe explicit memory of evenisi n Pi aget 6 s t er ms,
Al ocalize events in time.o0 This too underpins

gave a classic examplef an event where hid9 monthold daugher, Jacqueling first
demonstrated aachievenant of a symbolic representatioa, representatioreliant onexplicit
memory of the pagirafi | o atmdofezvent s i n ti me. 0

Jacqueline (19 months) picks up a blade of grass which she puts in a pail as if
it were one of the grasshoppers a little cousin brought her a few days before. She
says "Totelle [sauterelle, or grasshopper] totelle, jump, boy [her cousin]." In
other words, perception of an object whigleminds her symbolicallyof a
grasshopper enables her to evoke past events and reconstruct them in sequence
(emphasis added).

The present event (theiece ofgras$ now functiored within what | term anarticulated
simultaneity for it servel both as itself and as a symbol of a past event, assuming both one
meaning then another, yet within a global, temporal whole or state of conscioysadss
underpinned by the nedifferentiable flow of timein which the braindwells The amnesic
however has lost or suffered damage to the a ability ® support thicomplexdynamic state
Explicit memory is bound to the development of the symbotlre ability to employ a form (the
piece of gragsabstracted from ouexperience to represent another aspect of experiante

past (the grasshoppéri wh a t Cassirer woul d t &rThe syntbelic A sy mb ol
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function carries this aspect of an articulated simultangity h i s Afoscill ationo be
elements with a temporal whole. This tells us that the symbolic itself is a problem in the

relation of mind to time. Obviously, this significance of explicitnemory and its loskas not

entered the thought of the theoristsrobotic consciousness

This is enough for an analysis of the literataescribing what it takes treate conscious
robots.Kiverstein is representativeln general, it issorelyunconscious of the problems it must
solve. It ignoresthe problem of time,the true nature of thproblem of perceptiornthe great
problem of explicit memory,is highly leveraged on th#lusory success of connectionisand
woefully neglectfulof the science of ecological psychologywill setout the critera that must
actuallybe metforaconssius fAdeviced in Chapter V.

Let uscontinue a bit more on memory.
Is Everything Stored?

The human memory for chess is quite different from Big Blue or Deep Fiitee question
had attractedBer gsonbs attenti on. A skil ful chess pl a
once without looking at the chess boards, all the while maintaining a mental picture of each game.
But what is this pictureBergson describes the findingsRihet, the nventor of the IQ testyho
too had pursued the questith.As far as the pieces, what the players keep in mind is not the
external aspect of each chess piece on the board, but rather its power, its bearing and its value, in
fact its function. A bishop ian oblique force, the castle is a certain power of going in a straight
line, the knight is a piece almost equal to three pawns and which moves according to a special
law. As for the game, what is present in the mind of the player is a composition exf, forc
rather a relation betweehe hostile powers. The player remarks mentally the history of the game
from the beginning. He reconstitutes the successive events which have brought about the present
configuration. He thus obtains an idea of the whehéch enables him at any moment to
visualize the elementsThis abstract idea of the game is such that to the player each game has
yes,a uniquequalityor char acter. Al grasp it as la musici a
other words, thisdea is both a temporal structure and @amaporal structure at once. It is @4
structure. The gamewith all its moves transformed over time Rather than ataticchord the
gameis more like a small symphony, frozen, with all tiierplay of musical motions that

brought it toits currentform. One i s qui ckly reminded of Mozart
creative process, wherein he saw arnlhieinithei r e sy mp
dynamic character of the idea or thoughthef game. We shall visit this a bit more next chapter.

I't is only avail abl e t-differentiablece mdivisideomotiomadttime.f | ows i r

Now we must ask: slall experiencestored? The holographic model would say, b,
experience is "stored" in the sense that we are inherentlydfom@nsional beings, that the
holographic field is foudimensional, that the flow of time is indivisible. In principle, given the
right precision of modulation, i.e., the precise recacsive wave, any event in the past should
be capable of reconstruction. There are any number of forms of evidence fesgsvation
Oliver Sacks The Man Who Mistook His Wife for a Hator example describes "Martin A.,"
suffering from a form of brain damage, who could nevertheless quote verkatne's
Dictionary of Music and Musiciaris any of its six thousand pages. He heard these quotes in his
father's voicei memories from the long hours Hhiather devoted to reading and sharing the
history of music with his beloved, though handicapped son. 8aetesdate "Twins" could,
given a date in their lives anywhere after roughly the age of four, give its details iin tb&l
weather, the politicabvents of which they might have heard, personally related eveats
though they were simply reviewing a vast panorama unfolding before their inward eye. Kotre
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(White Glovegreports the feats of some Jewish scholars, discovered in Poland around tife tur

the century, who had memorized the entire contents of the Talmud, twelve volumes of thousands
of pages. In demonstrating their ability, they would ask a volunteer to open the Talmud to any
page. The volunteer would then take a pin and touch iteéawbthe words on the page, any word

at all. The scholar would then ask the people in the room to call out other pages. Without
looking he would tell them what words were in the same position as the pin on those other pages.
The people could check ohis accuracy by pushing the pin through the pages. Cases were
documented in which the scholar never failed.

Such phenomena are troublesome for t
prevailing i a b st r atend mnnemdryd
theory, but more experimentation is needed t fone ol
prove the concept of complete recording
experience. Hitherto, however, | think it can t
said that it has not been taken serious
Nevertheless, the problem of obtainihg right / \/ rveront Prame
precision of modulation to reconstruct an (Present) /
given event is a real one in this holograph

theory. Further, it is doubtf_ul th_at the concept Ei gure 3.15. Ber gs
simply moving the brain into the right

modulation pattern is a real basis to expllirthese phenomen Charles TartAltered States of
Consciousne$seported for example that Aldous Huxley, authoBodve New Worlénd 1984

could enter a meditative state in which he could view any page from any book he had ever read.

Bergson made it quite clednat we are dealing with a fodimensional being and aspects of
consciousness that modern science has not yet a
abstracting from the present as far as possible, moving away from the peregfitonstate of

the brain and deeply into the pasArthur Glenberg a memory theoristwould later term this

ability to ignore the call of* Bergseneppresssdethist per ce
Amovement of the mindod i n3l1la hempaint af the coteésthdi agr am
most Afocusedd or concentrated point of the min
on action. At the most spreadt plane of the cone, we have the realm of dream, of reverie, of

the pure memory of experience Bet ween are various degrees o0
computer scientist Gelernter used just this term to express the phenomenon as he observed it in

The Muse and the Maclan Near the highly "focused" end or point, observed Gelernter, thought

is abstact, conceptual. The origin of this operation (abstraction) of taking an entire "stack" of

memories to examine one aspect of all them (an invariant) is one of high fgdus is in

essence, the birth of concepts

Even Larger Considerations

My wife, as | earlierrelatad, has a previous California road driving experience of twenty
years earlier return when driving along a certain curving section of Milwaukee roadway with its
unique flow field. There is memoryretrievalquestioncone@rningretrievals of experience from
even vaster distances of time. This particular question is of interest to those with a belief in or a
curiosity about the remembrance of past lives from former reincarnations. A friend ofrhme
lives near PittsburghPennsylvaniawhile walking up a drivewawhich sweepsip a hill towards
a large, Tudor style mansipsuddenly had an experience return of approaching a similar home,
this time her own, from an apparent earlier life and time in medieval Englands po#sible?

When the dogma of neuroscience is that all experience is stored in the brain, a Dawkins or a
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Dennett can again look bemusedly at such reports, just as they would look askance at Douglas E.
Harding. If all memory is stored in the braihjs rather ridiculous to believe that memories of

past lives get stuffed in there as well. Memory experiences of past lives can be safely written off
as just more illusions generated by the brain. Unfortunately, it isithigjassurance that is an
illusion.

| say again,He thesis that all experience is stored in the brain has never been more than this:
an hypothesis. The history of the subject is dotted with absurd hypotheses, from the precise
Aimapso of the 1800 0 stedvinvagioug areaeitireobrain,dosthe Voeatioes | o ¢ a
of the st or &uygwal anfl auditorynaTeegueastionable assertions continue today.
There are theories of the storage of static featufesswe have seenhére is no clue how these
static fatures could be reassembled as dynamic events to reform experiences. There are theories
that only certain evenisr certain aspects of everage stored, but absolutely no criteria for how
such a selection is made.

Penetratingthe possible principles of reincarnation is far beyond the science of today.
However, the reconstructive wave model we have discussed here has no limits on what can be
reconstructed from the past. The deeper question may be why there are such limits as there are
i.e., as Bergson asked, why is memory limited®it in any case, the theory is at least open to
such possibilities, not forever closed on the basis of an unproven, but dogmatic hypothesis.
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ChaptenV
The Koan of Action: Free Will

Yes, we have a soul , but itds made of [
- Daniel DennettFreedom Evolves

The leashct, such as eating or scratching an arm, is not at all simple. It is merely
a visible moment in a network of causes and effects reaching forward into
Unknowingness and back into an infinity of Silence, where individual
consciousness cannot even enter.
- D. K., Canadian housewife, ithe Three Pillars of Zen

Freedom From Robots

| have taken us progressively through the coutaception of mind, far, far from the realm
of the Terminator s, Dchild,aand, othéfidtBligyentd maghinéseHatb e r gd' s /
popul ate the mythical world of todayds wunderl yi
free is thoroughly embedded in the robotic, machine conception of being. The idea of
determinism, determined action and rdléven machies, be they computers or robots, stems
from the same primitive conception of space and time from which the whole reanfyine
conception takes its origin. Bergson utterly destroyed it long ago. He did so in his doctoral thesis
and subsequent book in 1889, entitl€ine and Free Will This was where he first expressed his
profound insight into the nature of timdis entire pilosophy was born in the moment of his
absorption in theoncreteexperience of time.

This was not the Henri Bergson of a slightly earlier frame of mind. He had been absorbed in
the philosophy of Herbert Spence8pencer was then the foremostpement of the great
mechanistic view of the universe and physics of the time, summed up in the ofstba
physicist,PierreLaplace(17491827) Laplaceheldthatgiven sufficient knowledge of the states
of the particles of the universe at an instamte could, knowing the right equations or laws,
completely predicany future state ohe entireuniverse. Bergson's devotion to Spencer and his
mechanisnwaswell known to his fellow studentandproduceda scenen the university library
A professor seeing some books on the library floor, turned to Bergson (then student librarian),
and said, "Monsieur Bergson, you see those books sweeping up the dirt; your librarian's soul
ought to be unable to endure it!" To which his classmates exclaimed, "Basm® soul® Yes,
Dennett would of loved hirn then.

But his study of Spencer's concept of time was to change this. To Spencer, time was to be
treated as if it were little different from space. Like space, time is measurable and contains
juxtaposed parts. Like space it is a homogeneous medium wiarse and properties are
everywhere alike. Like space then, it is capable of being measured by mathematical concepts,
and one can say that one time is equal to another, or twice as long as another, etc. And finally, it
is meaningful to say that time i®mposed of instants arttlat the movement of timean be
viewedas a series of instants, as a body moves from point to point in space.

To his surprise, Bergson found that this common sense and well accepted view held little

validity. The most arsory examination revealed that moments of time are not alike, that each has
its own quality, nor d instants ever simply repeat, or simply occur in succession. Rathersthere
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a continuous flow where each moment merged into the next. And dsusie hee seen,
Bergson was to describe a far different time as lived by the self, a time he teragdn

Below homogeneoufabstract]time, which is the [spatial] symbol of true
duration, a close psychological analysis distinguishes a duration ewhos
heterogeneous moments permeate one another; below the numerical multiplicity
of conscious states, a self in which succeeding each other means melting into one
another and forming an organic whole.

Physical time, as described by Spencer,c¢ouly be the limiting case of thisal time. But
such a "time" entailed the rejection of Spencer's mechanism. If mechanism was correct, all
change is reducible to tlemmpletelypredictable motions of material particles, and "free will" is
an illusion. But the experience of duration showed that change was far more dynamic, organic,
and interrelated a process than could be supported by the motions of particles. The present could
not repeat the past; each present moment was poised before novel pessilbilechanism was
wrong both in its account of change and in its assumption of simple prediction.

In 1889 Bergson defended and then published his doctoral tHesis,and Free Willwhich
held his analysis of the problem of time in the context of the then newly born science of
psychophysics, and contained as well manhisfnsights into the physical world. To his own
chagrin, his advisor, the psychologist Janet, thought onlfitstechapter with its analysis of
sensation was significant, while the philosopher Boutroux commented only on an aspect of the

thesis concerning its concept of I|iberty. Thougt
unfortunate fact that theame misjudgment of the significance of this work resumed with the
decline of Bergsonods popul arity. The perenni a

determinism carry on todagady, without the smallest of references to Bergstiris as though
all the participants are literally hypnotized by the illusory reality of abstract space.

The problem of the existence of free will collapses before the understanding of the nature of
the flow oftime. | am not saying there are not still mysterieut the debate on whether mind is
free becomes absurd. The philosophers of the machine conception of course think otherwise,
and we shall look at their foremastodernexponent shortly, but before we do, et consider
arother emarkable aspect of pability to act, one that leads to one of these mysteries.

Monkey Not Do, Monkey Not See

The principle of virtual action, with its intrinsic relativity, envisions a level of integration of
perception and action beyond any theory tod&o robot, as currently conceived, can implement
this relationship.In the context of the Turing Tedtdrefore expanding the nature and method of
the Test only slightywe shoul d be able to say to our robot
(containirg various pertinent catalysts) which will change your capability of action. Now please
describe your perception. o -like #ies,roroviee the reldoto u | d b e ¢
initially fAperceivingo a cuhbhatitisafuazy ¢ylnder (&vi t h suf
figure of infinite symmetry), he now should begin speaking of a sereatged figure of 4ifiold
symmetry (for he must continue to perceive by the same invariance laws specifying the event).
Shoul d we sayestiSa rl i tptlleemsmoriengcatal yst, 0 he sh
figure of 4fold symmetry) in slow rotation, and should we ask him to ingest a bit more, he begins
speaking of a stable, motionless cube. And should we ask him to now reach for theecube, h
modulates his grasping apparatus to grasp stable edges and sides, as opposed to a cylindric figure.
That is, this is what we should expect of a being for whom perception is virtual action.
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Currently, in Cognitive Sciencethere is discussion of¢h A p e r-a&ccetpitamncycl e. o6 | |
cycle, information is received from the external world by the vision systems and sent on to
systems for action. Action then occurs which modifies the world, creating a new perception, with
new information for the actiosystems, and so oY. e s it i's in essence the
the previous chapter. There is little grasp of the implications of the motor systems actually
feeding back their results to the visual areas, determining how we view the worldi¢as act
possibilities). Virtual action naturally makes a prediction for this evéener the neural tracks
connectinghe visual areas in the cortex to the motor areas. What is the expected result? If vision
is the display of possible action, and ther@asinformation from the action systems, then there
should be no vision. One should be blind.

This is not a currently expected result. Theorists such as Francis ThekAstounding
Hypothesi} for example, argued that consciousness (thatdnsciousvisual perception) is
completely a function of the connections of the thalamus with areas in the cortex. This hypothesis
has been superseded, but the other current theories equally ignore the motor areas. Yet there is
already a disturbingesult that is ignored, disturbing unless you are aware of the virtual action
hypot hesi s. The neuroscientists, N aokrectingr a and
trackso question in the early 1980iduaslareasand hey i n
the motor areas in monkeys. The monkeys became utterly unresponsive to external events. They
were for all practical purposes blind; in fact, as the theorist of memory and consciousness, Thomas
Weiskrantzargued, they were blind.

Mr. Ted Williams

As | realized these implications of Bergson, while scribbling away on my Ph.D. thesis in the
early 70606s, memories flashed of a favorite top
Williams. Of course Dad was from Massasbtis and Williams played baseball for the Boston
Red Sox all his life. He was arguably the greatest hitter in baseball. He is the last hitter to hit over
400 (.406 in 1941), a mark not reached again for over sixty years now and coutéisigite the
interimadvent of steroids. He also mtthe.40® ® 1952 and 1953.

Dad loved to tell me how Williams could read the label on a record as it spun around on the
phonograph turntable. He could also, it was reported, actually see the sehthe apin on the
baseball as it hurtled towards hi m. Dad woul d
other players before he initiated his swing.

What does this sound like? It sounds, for all intents and purposes, as though Wilisims
our Ahigher energy state. o0 Wat c hi ngprexisefyl y , he
because he could act mor ¢oswinghecakse lye.was sétimg, iftheo ul d we

bal | 6s s | josthew he coold aictoust,l&kour cat watching the mouse.

In my graduate school days, when | talked about this theory occasionally, friends would
respond with similar experiences. One told me that when he played basketball, on occasion, when
driving to the basket, everytig would slow dowri the motions of the other players, the ball
and he would weave unimpeded to the basket. On other occasions, in baseball when batting, the
ball would slow down and seem very large, and he seemed to have all the time in the world to
smash a hit. Similar stories are not uncommon with people in the midst of accidents such as car
crashes.

All this begs certain questions. Was this Wil
s o, why ? Di d he h awit nornal péopldé ad mormdl soala?o Ortwas ittaa | k
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state he could voluntary induce? If so, how? What does this say about thmatiadrelation?

In the case of my graduate student friend, it was clearly not permanent. Then what brought it on?

Simply an excitement, like an adrenaline rush s omet hi ng t hat Jaaccause | i ke o0
also assigned tthis slowdown of eventsduring accidents?Or something else? The questions

are far larger and more profound than realized, though if we staly stube sterile computer

metaphor of mind, they will never be asked. | will explore these more in the thoughts to come.

On the flip side of increases imnderlying chemicalvelocites there is the unfortunate
problem of aging. The little old lady, driving timidly down the freeway in her peeying just
over her steering whea$ seeing the other candizzingby at blazing speed precisely because the
world reflects heidecreasedability to act. The research literature on agfiog gerontology is
filled with reaction time and perception experiments that indicaté this.

Voluntary Action 1 the Intent or Atemporal Idea

The problem of voluntary action can be stated simply: how do we will to move our finger?
Variants are: how do we will to swing baseball bats, or leap at mice, or reach out and grasp wing
flapping flies? Cognitive science has no clue today. Thevemis far from clear, and puts us in
the realm of the Ainterfacedo between mind and me

Oof cour s e, i n Bergsonobs framewor k, we ar e al
bet ween Ami ndd and fAmatter . 0 e sThoestehianrges, nootr twar
comingfrom incommensurate realities such that we will never figure out a means of interaction.

We have seen that the matfigid, in its nondifferentiable timeevolution, has the elementary

attributes of mindi an elementarydrm of awareness defined throughout, and an elemental,

Apri mary memoryo via the indivisibility of this
and implications of this latter statement that we will develop a truly deep theory of voluntary

acion.

Our bodily action involves the unfolding of or
be the words of a sentence, or the various muscular movements underlying a dance step or a tennis
serve. The ordering or order of the elements ieddhesyntaxof the act. Karl Lashley, one of
the great theorists of psychology, pointed the field initially into the problem in his 1951 treatise,

"The Problem of Serial Order in Behavior."

To pronounce the word "right," he noted, consisthése elements:

1) The retraction and elevation of the tongue, expiration of air and activation of
the vocal cords.

2) Depression of the tongue and jaw.

3) Elevation of the tongue to touch the dental ridge, stopping the vocalization and
forceful expiration of aiwith depression of the tongue and jaw.

He noted that these movements have no intrinsic order of association. "Tire" requires these
same movements in reverse ordar syntax) The order is imposed by some organization other
than direct associativeonnections. This is equally true for the letters of a word. The létt&’s
or "G" or "A" can occur in any order or combination. The order depends upetia a larger
unit of action, in this case the wotd.

Words stand in the same rédat to a sentence as letters to the word. Words themselves, he
noted, have ntemporal valence The word "right" is noun, adjective, adverb and verb, has four
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spellings and at least ten meanings. In the sentence, "Thenmitit on my right thinks itight

that some conventional rite should symbolize the right of every man to write as he pleases," the
arrangement of the individual elements or words, the order, is determined by a broad scheme of
meaning. This holds not only for language, but for allekimovements.

What then determines the order, Lashley asked? Lashley took the vi¢letbat or the idea
does not have a temporal ordehat all of its elements antemporal Thus | read a German
sentence, pronouncing the words with nauiiht of their English equivalents, then proceed to give
a free translation in English without remembering a single word of the German text. "Somewhere
between the reading and free translation,” Lashley notes, "the German sentence is condensed, the
word oder is reversed, and expanded again into the different temporal order of English."

Lashley argued that the mechanism which determines the serial activation of the motor units is
relatively independent, both of the motor units and of the thoughttteuc Supporting this, he
pointed to a series of examples of mistakes of order. He had been tracking typing errors for some
time. Misplacing or doubling a letter-lfts-e-s for these i-i-l for ill, I-o-k-k for looK), he argued,
show the order dissociatefrom the idea. Further there are "contaminations,” often from
anticipation, for example typing "wrapid writing," or the Spoonerisms made famous by a probably
somewhat aphasic Professor Spooner, e.g., "Let us always remember that waste makes haste."
These latter, he argued, indicate that a set of expressive elements seem to be partially readied or
activated prior to the overt act.

Thus, Lashley argued that there are at least three sets of things to be accounted for:

1) The activation of the expressieéements (words or adaptive acts)

2) The determining tendency, set or (atemporal) idea

3) The syntax of the adt a generalized pattern or schema of integration which may
be imposed on a wide range of specific acts (upon individual components of an act)

I n the 196006s, th- -~ -~--* T T tam
Chomsky, imspired by Lashley, would
initiate a vast assault on (3), the theory ! .

. . . . Syntactic Rules:

syntax, overturning Skinner and his simpl™
= : : NS> NP+VP S = sentence
Astimelsponse chai noxpspesy NP = noun phrase
he didso. He proposed a rule system (VP—> V+~p VP = verb phrase

. V = Stirred, attacked, hit, s ked _—
grammar, employed by the brain, t0 UNfOl x — peaf. building, sidewalk, man, coffee N
the words from thédea in the proper order.P¢t= The,a Det = determiner
In Figure 41, the wordelements of the \_1,15\‘__])
sentence, AiThe man Rulregenemred b N ¥ Np ar e
unfolded in a certain, grammatical order by *"*“"““* // S
set of syntactic rules. A sentence S, fi The man stirred the coffee.

example, by rule, may consist of roun

phraseand verb phrase( S -> NP + VP), Figyre 41, A syntactic rule structure, with
anda noun phrase consisvf a determinerg c of f ee stirringo se€
(Det) and a noun (N), argb on. Theend 5 NP+VP can be read =&
elements of the rule structure (nouns, verly Np (noun phrase) + a VP (verb phrase).

determiners) come from the pool of possitic

words or symbols in the languagBut to me, there wadvaays a profound implication in Lashley

that Chomsky appeared to assume, and the subsequent forty years of cognitive psychology has
ignored.
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At the apex of every diagramsuch as Figurd.1, is "S". What isbehindS? BehindS is of
course the idea It is the starting point from which every sentence derives its ultimate form, its
syntactic structure, its embodiment in specific -efeiments or words, i.e., components of the
sentence as action But this idea, because it represents a midtilal event, can be expressed in
multiple degrees of complexity, richness and detail. From the sparse, "The man stirred the coffee,"
the same idea could have been expressed as:

The man quickly stirré the coffee.

The old man slowly, painfully stirred the coffee.

As the marstirred the coffee, the aroma wafted everywhere.

The man quickly stirred the coffee with the spoon clinking away against the cup.

=A =4 =4 =9

Cognitive Science has pursued tlégmbolsandrules approach for over forty years. | cannot
imagine Lashley being impressed. To begin with, we have ignored his starting point, the
atemporal idea. No pe§thomskian computer translation program, in all our subsequent syntactic
sophisticaibn, has ever translated a German sentence into an atemporal idea, then freely into
English. No computer simulation prograim fact, has ever had an atemporal idea. We have had
no theory of "S," the point from which syntactic structures must devolae ordered act. In fact,
cognitive scienceas DORA forexampldyas tri ed vainly to reduce fASO0
yet more syntax. Yet itis from "S" that the expressive elements must be activated upon which this
syntax operates. There is neebry of this activation given the nature of.™S From this
perspective, the attack on the true problem of syntax has not yet begun.

The Atemporal Idea

The dream literature is noted for viewing dreams as atemporal forms. Reports from personal
experiences describe entire sequences of events taking place in what is apparently fractions of a
second in normal time. Bergson describes a case from one individual:

I am dreaming of the Terror; | am present at scenes of massacre, | appear
befae the Revolution Tribunal, | see Robespierre, Marat, Fouquiem vi | | e é . ; |
defend myself, | am convicted, condemned to death, driven in the tumbril to the
Place de la Revolution; | ascend the scaffold; the executioner lays me on the fatal
plank, tilts itforward, the knife falls; | feel my head separate from my body, |
wake in a state of intense anguish, and | feel on my neck the curtain pole which
has suddenly got detached and fallen on my cerviegkebrae just like the
guillotine knife. It had all aken place in an instant, as my mother bore
witnéssé.

The "man stirring coffee with the spoon” is inherently a tewgended event, however, as a
thought, what is its duration? If my intent is to stir the coffee with the spoon, the elenasnbe
conceived as atemporal, in fact an invariance structure defined -@/exgerience. Mozart once
reported that in his creative process, he would see an entire piece of music, "though it be long,"
even unto a symphony, "as though it were a statde.ivas speaking of a tirextended, yet
atemporal structure. Indeed, though we speakdfektended events, thell memory of which
we have been treatingnd its eventshave no particular scale or duration. The detailed theory of
the unfolding of an amporal idea is a challenge. Bergson treated some aspects of this in treatise
ondynamic schemes
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Imagine learning to dance, he asked. To do so, we begin by watching people dance. The
result is a visual impression of the movement. It is not a precise image, for the image has yet to be
concretely filled in, articulated so to speak, by theuacphysically performed movements that
will comprise the ultimate fluid action. These movements are elementary units that will be
coordinated movements used in walking, lifting up on @édoes, swinging the arms, etc. But
the first impression is anudine of the relations, especially temporal, but also spatfathe
successive parts of the movement. This abstract image of the -tpapalral relations is the
dynamicscheme.

This abstract scheme, he argued:

émust f il Iall the sia@dr sensations Wwhich correspond to the
movement being carried out. This it can only do by evoking one by one the ideas
of the those sensations, or, in the words of Bastian, the "kinaesthetic images," of
the partial elementary movements compgsithe total movement: these
memories of motor sensations, to the extent that they are revivified, are converted
into actual motor sensations, and consequently into movements actually
accomplished

The above passage of Bergson contains, in a riljtsteedeepest questions facing this model
which | have beemlescribingwhen it comes to the frontier of voluntary action. Firstly, the
scheme, as | understand it, is not stored in the brain. It is a creatuf2 wiednory. Therefore,
we are again comg to grips with the nature of the whole transformimatterfield of which any
individual being is a part. Correlatively, it is not for nothing that Bergson's article is entitled
"Intellectual Effort." He is speaking of theffort needed to transduce astract scheme into
concrete images, images which will in turn induce movements. Effort is another tefiorcépr
and this in turn sets us into the problemjust what force isonce weprobebeyond Newton's
definition. Finally, we have the picturé the images integrally wound, causally, into the motor
unfolding of the act.

The lack of this conception in current theory, where the atemporal idea unfolds into action
and the | arger vision of t hwas tieaoraof a sigoificant he A s u
controversy, to this day very unresolved. In a famous 1985 study by $ultcts were asked to
perform an act, like pushing a button, at their fillfhey were to note the point in time, by
watching a special oscillospe display, when they had the conscious intent to make the act. The
studies reveal that there is a significant buildup of neural activity 30i@aevondsbeforethe
time the subject reports the intent to act. Given that the intent is repdteethe neural activity
buildup, the finding led to an ongoing controversy over the actual role of fredawilt could be

argued that the subject has no free wild.l at all
more than an unconscious, determinedai on al r eady unr o lsuggestgns It al
i perceived as controversialo f fAbackward refer%¥etthisifimackmao dof t
referral o in time is an integral and expl ainat
perceotioni we arealwaysseeing the pastAlso, the gradual production of neural processes by

an (initially Aunconsciouso) idea, such that it

integr al part of Ber gsonosi tmearteipation hastataof i s onl
action/processing in the brainthat an idea&anbecome conscious. From this perspective, other

than showing that there is much we do not wunder
how Li bet 6s xpeated. Rdther, itisexadlpwhat sheuld be expected in a lafger

di mensional view of mi nektendedibeng.e t he fAsubject o i s
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Time and Voluntary Action

The notion of images driving an action is anathema to cognitive science. This is precisely
because the image has neither an explanation of its origin nor a useful flacmitive Science.
All is simply data elements and rules. For the neurakort arm of cognitive science, there is
only strengths of connections between neural network units or nodes. Marc Jeannerod, however,
reintroduced the concept of images driving actions in a 1994 article in the prestigious journal
Behavioal and Brain Scirces™ Lacking a theory of the origin of images in the first place,
Jeannerod was slightly ambiguous as to their actual role, for if experience is merely stored in the
brain, images are simply generated from these stored elements. What role do tHayTdeye
appear redundant (or fAepiphenomenal 0) .

Is the image causing the physical actions, or are the physical actions causing the image? For
the dreaming cat, flicking his tail and twitching his paws, are the dream images of the mouse
driving the physical effects, or are the dream images merely epiphenomenal? Though Jeannerod
tended to have it both ways, Bergson was unequivocal. He saw the image as an integral phase of
the causal flow from the intent #at, to the image, to the unfolding oftlconcrete actions. Let us
look at the larger context of research that might be needed to get a grasp of this flow from the
intent totheaction™*

Jeannerod took particular note of the research literature on the real effects of mental imagery
practice on motor skill. These studies require the experimental subjects to practice a certain action
in their imagination. After some number of thgairely mental practice sessions, they are tested
to see if they have improved their speed and/or accuracy at the task. The studies show positive
results. But there are studies in this context with more radical implications.

I n t he e, awolregeardhOrgith&soper and Niton Erickson, published the results
of a series of experiments they had performed using hypnosis with imagery practice instructions
(Time Distortion in Hypnosis: An Experimental and Clinical InvestigattériThe subjets were
taught howtoself nduce a trance t o -tinatrahce statet thegneouldbel n t hi
asked to simply imagine events, or else to practice actibns.the one experiment they did on
motor skill improvementin thesepractice sessits greatly condensed in timéheir results were
marginal Yet, curious incidents were observed. One subject was mentally watchiogiain
this altered time state. He was observed to be making extremely rapid movements with his hand,
moving betweenik mouth and legs. When asked after the session what he was doing, he reported
that he had fibeen eating popcorn. o The velocit
scale of time in his tranestered state. Another subject, a violinist, was ta@npracticing violin
passages in altered time. She reported that in this state, she was able to view the whole piece, as
though it were | aid out as a static structure.
symphony as though it were a statue.

In our original discussion of altering the tirseale and action within this scale, | relied on
the physical effect of catalysts. I n Cooper &
similar effects f r olimsi$vwhethefssurcelad a phdnonterfoesudhasb j ect . 0
witnessed in Ted Williams or my basketball playing graduate student friend is an open question,
worthy of serious research. To cognitive science, in its limited concept of the brain, the question
meansnothing. But the studies are very real.

How could this be possible? I n the end, it Wi
is it free?
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Pin-balls and Free Will

The problem of free will, and therefore voluntary action, is integrally tied to the mechanical
conception of the universe. The penultimate version of this conception was coioeddaylier
mentionedphysicist, Pierre Laplace. In this, he imaginan intellectnow affectionately known
as Laplacebs Demon, that has knowl edge of t he
the universe at the beginning of time. Given the demon knows the laws that act on these particles,
it can predict e precise, complete state of the universe at any subsequent time. All is
determined. There is no free choice or action. The classic scemésldsophicaldebate on free
will all take place with thidaplacianbackground. Daniel Dennett Freedom Ewlveg accepts
this Laplacian, deterministigision completely. Nevertheless, he spends many pages attempting
to convince us, in essence, that if we move up to the nhewed of experiencé the world of
golf ball puttingand making decisions in the skomarketi that things are so complicated that
we areeffectivelyf r e e . Hi s entire discussion produces 0]
headaches ever achieved as he feverishly attempts to keep our eyes averted from his Laplacian
world, lurking alvays, driving everything beneath his world of maappearances.

Let us paint a classic scene of the debate: Befor
certain philosopher there sit two glasses of wine,
Burgundy and a Bordeaux. The Burgundy is tasty, b
hmmm, t he Bordeauxé Ther of hesit
Drum roll. The philosopher aehes for the Bordeaux
He has exercised his free choice. Or has he?
diagram the event (Figu#k2). Our philosopher has spen
a life of wine drinking, action and heavy philosophizin
before reaching this point of decision. We represent 1 By in
asthe portion of the line from O to D. At D we picturiFigure 42. The choicei Burgundy
the oscillation of the decision, then the path is taken frvs. Bordeaux
D to Bxi the sipping of the Bordeaux. The path from
to By T the Burgundyi is equally open, but is not taken,
though it could have beer®r could it?

This has been the dilemma. The determinist envisions a form of mechanical oscillation in
space at D, almost as a {liall at an islandumper in a pirball machine, then states that the
antecedent causes are sufficient to accounthmathultimately taken, and indeed must have
been in effect to account for the movement. praponent of free will sees the same oscillation,
and says no. Both paths were indeed equally possible. Being unimpressed by the fact that a path
was actudy taken, he effectively moves the self back to its oscillation at D. In doing so, he
ignores Laplacebs demon. For the demon, there
choice is that path.

Bergson Time and Free Wijlargued thaboth are wrong. The natural symbolism of Figure
4.2 by which we represent this decision process treats the motion of tlieysslf yetagaini as
though it traversed #&ajectory or line in space. It reduces the progress of the self, i.e., a
dynamicmotion in concrete, indivisible time, to its residue in space given by a line, the parts of
which, like the path of poor Achilles chasing the hamse can then carve up at will into an

infinity of Apointsd or mutually external nstat
conception of the self and a mechanical statement of the prollemmc h fist at ed now bec
Afcauseo (| iockett lme fifppasrittiiwlned i n s pButtEs)shodleé t er mi ni

give us pause. We have already seen the difficuitieiact the invalidityjn treating motion via
the concept of a trajectory in abstract space.
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The Projection Frame Again

In truth, we knownothing butour conscious perception. All experience is given within in it.
All thought is contained within it. All forms of thought derive from it. Our science is built upon
conceptsprojectedfrom it. But we have already askef this layer of projected forms in fact
obscures the fundamental structure of the field from which it arose, and now even more so when
we use this layer of abstract forms to reflect back upon our own consciousness. It is precisely
this layer, we notedhat has been the challenge for physics.

In this projection frame, we saw that the concept of a trajectory begins with the fundamental
partition effected by perception within the uni
i mot i oxteadedin tholght, it became the continuum of positions, the completative
motions of "objects" traversing sets of points in this continuum, and the lossreélathotion.

At stake now, | noted, is a physics which can incorporate real motioaughhwe conceive of
objects and their motions, Bergson had argued, why can we not conceive whdleas
changing, i.e., a global transformation of the universal field, as the turning of a kaleidoscope?
The motions of objects become then changes of statave motions within this field. The

motion of this whole cannot be conceived as a series of instants or discrete states, but as a non
differentiable, melodic flow.

In this flow, each moment interpenetrates the next, as the notes of a nfelodipg an
organic continuity. Because each new moment is reflection of the preceding history of the flow,
each new moment is absolutédlynew. No moment can ever be repeatddt we project
backwards upon our conscious experience through our frameork @ obj ect s0 i n an
space. We see each note in a melody as a mutually external, repeatable object or state. Ten
middle Cs are struck on the piano in succession. We see the spatial ¢heseame finger
hitting the same key producing the samsule Thus this flow in time becomes divided
conceptually into ten mutual ly expdriencds af bn, repeat
organic whole. If one note is held slightly longer than the others, the experience, the quality of
the whole is changedi the notes interpenetrate and each current note is a reflection of the
preceding notes in the series. It is the conscious experience that is telling us the reality, not the
abstraction derived from spacemnotesirikeeto nbte nger i s
strike. The piano key is not even the same key. The string is not the same string. Nothing is the
same in this universe from moment to moment. It is prdgticallythe samé a practicality as
defined by a scale of time and action calibrated to perception, a scale in turn defined by the

dynamics of the brain. To turn this practical
therefrom into philosophical gospiethis is the problem. It makes all the difference when we are
trying to get beyond fAcustomary images relati v

phenomenon so profound as free will.
But this framework gave birth to causality as well.
Mechanical Causality and Repeatability

The essence of the concept of causality in the classical framewepetability Causality,
as an explanatory concept in science, is useless if the cause is not repeatable. If | line up a cue
ball in the same precise position relative to thieal, apply precisely the same vector of force via
the cue stick, | expect the same result. My prediction scheme via Newtonian laws works
wonderfully. If I am faced again with a choice between Burgundy and Boxdead all the
causes acting upon thghysical andbiological level are exactly the same, we would envision
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exactly the same resiiltl travel down the path from D to Bx.

But whence the concept of repeatability? It only h
meaning within an abstract time. If | conceive of the moti
of the universal field as a series of instants, which is to se
series of instantaneous-C8 fi C 1@ bwhese each Cube
compriesall of SpacgFigure 43), then the duration of eact
instant, or the extenin time of each Cube, must becomm “—p <—
vanishingly small. What scale do | choose for the insta
Physics sees entire lifetimes of particles enduring | gpaces Space 2 Space 1
trillionths of a £cond and vabt less. | can descend scale
until the duration is so minute, so infinitesimal, that nrjgyre 4.3. Successive Cube
i Cu b eSpaceexsts for so infinitesimally short a time thépf |nstantaneous Space
it has nothing left of the qualitative aspect of the perceived
world. In fact,as we noted in Chaptér | am stripping allquality as | descend. The buzzing fly
of our normal scale of time becomes the immobile fly, becomes a cloud of electrons, becomes
quark events, becomes an ensemble of strings, becomes ultimately so many algebraical
rel at i o withé virtuallg hordogeneoudeatureless, qualitlessCube, then another, then
anot her é I am close to achieving absolute repe
guantity ~ When | count, e.g., a set of apples, | strip each apple of raliyiduality, any
differentiating quality; | ignore their individual differencesthey are for this purpose
homogeneous. | am only interested in the repeatability o€euptingoperationi apple 1 +
apple 2 + apple 3 ¢

But my (nearly) homogeneous Cubes of Space, appearing one after the other, leave me
problems. The ideal limit of the extent in time of each of these Cubes is this: instantaneity.
Absolute instantaneity is again my abstract, mathematical pointhi®abstract, mathematical
point, there i§ againi no time, thereforeas we saw Lynds argue¢ change How thendo | get
Cube 1 to transition to Cube 2 which has a slightly different configuratibn f p @thdnito@al e s
new Cube 3, and so forth? | have achieved my repeatability. But at enormous expense. How
do | get Cube 1 to generate or Acauseod0 Cube 272
2? How, in other words, do | bind the future to the @n&3 The truth is, just as both Lynds and
Bergson argued, | cannot. If the universe can be momentarily static, then it is a universe forever
incapable of change.

The universe of Laplace and his demon rests upon this classical causality, wiichrigsts
on repeatability. | can only predict the positions and velocities of each particle at the next instant
if each preceding instant is utterly homogenous and repeatable. But | can only attain absolute
homogeneity by robbing my Cubes of all motisherefore all extent in time. | end, at limit, with
a universe that is incapable of change.

If the abstract notion of repeatable causes falls away, so to does the fictitious dilemma of the
philosopher and hi@ree or not freeghoice of wine.There remains the question of force itself.

Dynami cal Causality, Consciousness and AForcebo

There is yet the dynamic conception of the binding of present to past. It is derived directly
from our conscious experience. | have an idea of an adtiontiate the action, there is
throughout theact theaccompanying feeling of effort or force, and the action is completed. The
whole sequence, from idea to act, is experienced as a continuous whole, and by this very
wholeness, the act feels prefigdnm the idea. Yet it is also our deepest experience that this is
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not a necessary connectibnthe act can be aborted. It is the source of our notion that
psychol ogi cal causes are fAdifferentd from physi.
can in fact easily extend to the material universal field flowing in tirsemilar to our conscious

experiencé and where the future is not bound by necessity to the past.

But this indubitable experience of our consciousness, with its experiefare® oreffort, is
projected upon the external world in a mixture with the conceptlafptacelike necessary or
mathematical determinationThe dynamic and the statiecomesubtly, unconsciouslhjoined.

In the union, Bergson argued, the concept of force is joined with necessity or a necessary
unrolling by mathematical law force now determineseffects. We then turn this upon
ourselves, viewing our own consciousness through the very layerno§ we have projected.

The mechanical action of one object upon another, e.g., cue ball tpalh 8ssumes the same

form as the dynamic expression of force and resultant action experienced in consciousness, while
in turn this phenomenal experienceeif is painted with an algebraic prefiguring and mechanical
unrolling via the force that causes it.

In the classical metaphysic, we have seen that all motion is relative. An object can move from
point to point across the continuum of positions,her continuum can move beneath the object.
But we have also seen that there mustda motion in the mattefield i stars explode, trees
grow, couch potatoes get fatHow can wedistinguishreal motion from that which is merely
relative and which becorme r e st on a change of perspective?
answer . Force is naturally seen, i n our cl as:
Afobjects. o Real motion emanates fromctmn Af or ce. «
of mass and velocity, where velocity is thate of change of position Force, or f= ma, is
measured by the degree of acceleration it produces in the body (or ma#sstum), aceleration
is only the rate of change of the rate of change oftipasi (Velocity is the first derivative of
change of positiomwith respect to timeacceleration is but the second derivative.) We are always
dealing, in other words, only witthange of positian In other words, these movements are still
relative. Tte force, one with these relative movements, does not escape this refatritce is
no more absolute than the movements, it cannot sedistioguishreal or absolute motion. It is
not a Ifis, axpressed = ma, as physics is cautious to treat it, an invarianceTaws,
as Bergson, noted:

It is in vain, then, that we seek to found the reality of motion on a cause
which is distinct from it: analysis always brings us back to motion itself.

With the samecaution psychology would say thaiur inner causality has no relation to the
mechanical effect of one object upon another. This latter can be conceived as capable of
repeating in an homogeneous space, and thus expressible bylehall repeats hitting ®all.

But consciousness flows meal time, its fistate® can never recur, they are not truly repeatable,
eachiil s t &ding a reflection of the preceding series.  Further, as already noted, it must be
realized thathis is true forthe motion of the entire mattéield, the field in which our individual
consciousness integrally participate8nly at a sufficient level of scale can we treat this field and

its events apractically repeatable and subject to classical laws.

We come then, to these implications: Mind is entirely free. The very concept of physical
force isderivative a projected aspect of tpeychicalevolution over time of the mirichatterfield.
Our action, from intent to concrete act, participates inghyghicalphysicalflow. It is in making
this high level conception more explicit that we will grasp the capabilities of mind and the
implications for the nature of voluntary action represented in studies such as that of Cooper and
Erickson.
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This is the koan: who is it that act3his is the even harder problem.
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Chapter V

Meditation on a Mousetrap:
Evolution and Mind

The truth is that adaptation explains the sinuosities of the movement of evolution,
but not its general direction, still less the movement itself.
- BergsonCreative Evolution

It is an interesting question whether the functioning and evolution of the human
mentality can be accommodated within the framework of physical explanation as
presently conceived...
- Noam Chomskyl.anguage and Mind

The Evolutionary Machine

Whetherwe are contemplating radios, robots or robins, we are viewing very complex
devices. For radios or robots, we know the device was created by human minds via a not well

understood process called Adesign, o6 @apd gi ven

ficreative design. o For robins, the evolutionar )
uni ver se, acting as a giant machine, empl oyed a
robin. This procedure used random conjunctionstaia to make chemical molecules. With

more random conjunctions, it produce<ckl dn el emen
then used and continues to use random mutations, in conjunction with forces or events in the

external environment,toeffct finat ur al selectionso which dynam

different devices, resulting in things such as robins, rabbits and a rex or two of the tyrannosaurus
type.

With this giant machine, we have removed all need to design thesmegieand most
significantly, any form of Mind or Intelligence designing them. This view is very much in
consonance with Artificial Intelligence, which envisions machine algorithms that successfully
design devices without any role required for consciossner conscious perception. The
existence of Al and its mission is very much a hidden support of evolutionary theory. Indeed,
Lloyd has proposed that the universe is a vast quantum computer wherein a few simple programs
were constructed via random preses, enabling the bootstrapping of the whole complex
production algorithm and machinery into existehda. this view, the universe is a cosnsicale
Al device.

A warning light is flashing here.With respect to tis quest to remove Md from the
universe, we have already seen that there is a form of awareness, or elementary level of mind,
defined throughout the mattéeld. Further, this property is required to solve both these
guestions: who is it that sees? and how do we see? ecénd warning light is thstrong
possibility that a fundamental attribute of the dynamic mditéat may well underlie free action.

I am focused only on the first warning light in this discussion. This light should give us pause:
why the rush to remowviglind from the evolutionary process and the universal field when in fact it
must stay in any case to explain conscious perception? If we cannot remove the elementary
property of the universal field supporting perception, it is it truly possibliemoveit for the

process oflesign?

109



ChaptetV Meditation on a Mousetrap

Design is a process gbgnition and cognitionwith its fundamental operation of analogy,
we have already seens built integrally upon perceptionCognition equally requires
consciousness, a fact that is ignored by Al and cognitive science, and the reason for which is
understood by neither, precisely again due to the inadequate conception of the time and its
relation to mind.What | am goingtosh her e is that one of the fdpil
structure of evolutionary thought described above, namely the possibility of design with
artificially intelligent devices (Al) which require no consciousness, cannot stand. Technically, Al
design $ only a psychological support pillar or comfort. Evolutionary theory proposes to remove
design altogether, intelligent or not, relying on mutations and a series of environmental causes
and effects for which ndetailed,actual model existd$n practice though,expositors of evolution
such as Dennett, Dawkins and numerous others makienplicit appeal to Alwhile showing
disturbingly little grasp of the problems. In fact, the expositors of evolution have simply
bl undered i nt o A bbem,tmmatroecanimersdnse knowledgey e d pr

The Mousetrap and the Complexity of Devices

In recent years, some consternation arose
evolutionary theoretical circles as Michael Behe, . Platform Hammer
academic biologist, challenged the possibility of ti Hold-down bar
algorithmic approach to design espoused by evolut
(Dar wi n 6 s ). BTheaughkBehB dexlieavily in the
biochemical realm, he placed the problem initially in tl
intuitive context of a mousetrap. The (standar spring
mousetrap consists of several parts (FightB. As a
functioning whol e, he ar g oo o, . L ..
compl ex. 0 HRowork asliesigneéd all the garFigure 5.1. Mousetrap, M1A5,
must be present and organized correctly, else it doesstandard military issue.
function.

The urge is to break the problem of instantiating this design into simpler compdnents
evolving the separate, smallgarts. Natural selection buys nothing here, Behe argued. Natural
selectionpicks some feature or form or component to continue because it happens to have been
proven useful for survival. Evolving a single part (component), which by itself has no survival
value, is impossible by definitichimpossible, that is, by the definition of the role and function
of natural selection. But even if by chance the parts evolved simultaneously, there remains the
enormous problem of organization of the parts. How tliehappen randomly? Each part must
be oriented precisely spatially, fitted with the rest, fastened down in place, etc. There are
enor mous fAdegr edsvaysthe phris ead dotatm dransladerard move around in
spacé which drive the oddagainst randomness to enormous proportions.

The problem can quickly be placed in the biochemical re@bnsider just one such structure
in the cell alone. To manufacture palmitic acid, the cell relies on an elaborate circular molecular
"machine." At the machine's center is a small arm comprised of molecules. The arm swings
successively through six "workstations." Each time the arm rotates, two molecular subunits of
the fatty acid are added by the action of enzymes at the workstations, argbaftenrotations,
the required fourteen units are present and the fatty acid released. For this rotary assembly to
work, all six enzymes must be present in the right order and the molecular arm properly arranged.
Now we ask, how, in what steps, alwaysihg a useful or survival value, does natural selection
produce such a device?

Revi ewers of Behe admit the | ack of current SO
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are no detailed Darwinian accounts of the evolution of any fundamentdlepiical or cellular

system, only a vari ety Odtional Reviby1206). blgvestbelessat i ons 0
evolutionists have reacted strongly, with attacks focusing heavily on the biological and
biochemical level. An interesting case is thaitack upon a favorite example used by critics of
evolutionary theory involving the ggmuff firing Bombardier beetle. The beetle (there are many

variants) uses a chemical combination of hydroquinones and hydrogen peroxide which collect in

a reservoir. e reservoir opens into athitgkal | ed reaction chamber (in t
with cells that secrete catalases and peroxidases. The resulting reaction quickly brings the
mixture to a boiling point, vaporizing about a fifth. The pressure closegallie and expels the

gases through openings at the tip of the abdomen in a powerful jet at abgoatthcker. If the

system were not initially designed, with separate chambers for the chemicals, it is argued that the
beetl e himself wrpl ddiexgp| bdet | @bhecdncept has be
interestingly, Isaak has laid out a series of simpler beetle instantiations or steps, with examples of

various steps embodied in other beetles of the class, which at least indicate a progresgisn towar

the Bombardieros? sophisticated system.

In sum, there are definite biological arguments for the existence of simpler stages. Note,
however, that while one can demonstrate that there are simpler stages, this does not mean that one
has an actual, concrete model of how taasitiors from $age A to stage B, and then to stage C.
More than irreducible complexity,. Atkhispointvas t he i
evolutionary theory invokes natur al selection,
effected by external forseof the environment. This is vague enough, while the actual creation of
B, B6 or BO from A requires the mechanism of mut

That mut ations can account for change in what
The fish in ponds in the déys of dark caves gradually turn white. Certain lighlored moths
in England during the dusty, sooty era of the industrial revolution gradually turned to a darkish
color. (With the decrease of industrial pollution, they have also redemgly o |bacleagiain to
a light color.) But the assumption has been that this same mechanism can work for larger, more
complex, structural transitions, where we move from dinosaur to bird, fish to frog, frog to rat, or
even from variant 1 to variant 2 to variant 8tbhe Bombardier beetle. This is the point of
contention, and here | must discuss things at the example level of the mousetrap.

The treatment of the mousetrap example per se by evolution theorists, with its question of
transitions (from devig A to device B, and from B to C), is less than satisfying. In fact, as we
shall see, it actually moves in the realm of Al, a realm where there are great problems precisely in
this design dimension. Keep in mind that while in the biological realm, wekbttetalk about
these transitions simply as fAimutations, 0 there |
we are talking about complex spatial fittings and fastenings of parts, complex form shaping and
fabrications of the parts from materials. o Effect this would require extremely complex
Aprogrammi ngo or modifications of the siequences
i.e., sequences of actions that leave random probability behind, and vengicial design.

Evolution Theorists Attack the Mousetrap

An argument, often cited as though it were a definitive critique, was provided by McDonald
to demonstrate how the mousetrap could have simpler instantitidis caveat is that this is
not an analogy for evolution per se, but the argurietitken as a critique of Beh&Working
backwar ds, Mc Donal d gradually simplified the t
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decreasing complexity. Behe argue:

however, it is not that simpler SPRING
mousetraps do not exist. Th
guestion is progression the actual
mechanism of movement from A tc
B to C. If McDonaldis taken as a
defense of evolution, Behe easil
produces a strong counter argummen
Starting with McDonad 6 s f i PLATFORM
east complex 2 (U829, Figwe 5.2 Mouseiaps #1 (ef and 72 (i),

examined the steps needed for McDonald to arrive at the second trap G2yuigh?). The first

(or singlepiece) trap has one arm, under tension, propped up on the othevdrem jiggled, the

arm is released and comes down, pinning the mous

The second trap has a spring and a platform. One of the extended arms stands under tension
at the very edge of the platform. If jiggled, it comes down, hopefully pinning some appendage of
the mouse. To arrive at the second, functional trap plteing appears needed:

1) Bend the arm that has one bend through 90 degrees so the end is perpendicular to
the axis of the spring and points toward the platform.

2) Bend the other arm through 180 degrees so the first segment is pointing opposite
to its orighal direction.

3) Shorten one arm so its length is less than the distance from the top of the
platform to the floor.

4) Introduce the platform with staples. These have an extremely narrow tolerance
in their positioning, for the spring arm must be on the preedge of the
platform, else the trap wondt function.

All of this must be
accomplished before the
second trap will function
an intermediate but nen
functional (useless) stage
cannot be fAs:
complicated transition is a
sequence of steps that mu:
occur coherently.  With
each step required, wdFigure 5.3. Traps Five (left) and Six (right) from the second ¢
decrease the pbability of Trap Six now has a holdown bar hooked into the platform anc
random occurrencelodged (lightly) under the hammer arm.
exponentially. As a
biological example, the probability of the several amino acid mutations required for the malaria
organism,P.falciparum to achieve immunity to the drug chloroquine, is estimated as 1%n 10
(10 is a 1 with 20 zeroes)Were twice this many amino acid changes (steps) required for
immunity to some new drug, the chances become 1 1% a6d for thrice the steps, ®#0The
probability (or improbability) is clearly a function of the number of ttarision fist eps 0 i deni
The Afourodo steps in the mousetrap transition ab
decomposed to many further ssieps when dealing with the level of random mutations.

Hold-down bar

Each of the subsequent transitions3(23-4, 45) proved subject to the same argument.
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McDonald then produced a more refined series of frapte argued that the point was made that

a complicated device can be built up by adding or modifying one part at a time, each time
improving the efficiacy of the device. Yet there are still problematic transformations between
many of his step§For example, in the second series, the transition between a simpler spring trap
(Figure 5.3, Trap Five) and one now employing a halown bar Figure 5.3, Tap 9x) is a

visual statement of the difficulty of the problem. Even if the simpler trap were to become a
biologically based analoga largishii mo tcsae ¢ h e i sppoatiag sIx egs and a digestive
system for the mice it catches, the environmental tsvand/or mutations which take it to the
next step (as in Trap Six) would be a challenge to define.

But the most apparently decisive evolutionary gument i s that indeed bio
that in themselves are independently functional. In essence, then, evolution has available to it
pools of independently functional components from which to select, and from which to build
various larger fuationing wholes. Kevin Miller considered this the finding of MelerHexia
et al. (1996) in the realm of the Krebs cytleMiller applies this logic to the mousetrap. Each
component can be conceived to be an independently functional part. For example,-thavmold
bar can serve as a fAtoothpick, o the platform a:
toget heire acsl igpont(pl atfor m, spring and hammer) ,
argument is disturbing, for it indicates that the grasp of the problem is deeply insufficient. Either
the evolutionists, at this point, have simply become very weakh@obrists or they know
somet hi ng t he AlTheffaotliskhs is witergldetevolitiorosts have blundered
into the problem we have already met in Chapter lll, that greatest of unsiol\fadt abandoned,
problemsof Al i commonsendenowledge We shdl explore this now.

The Problem of the Mousetrap in Al

Ironically, my own intellectual career, such as it is, hi
an early phase wherein | contemplated what it would take
an Al program to design a mousetrafhis is precisely the
realm of commonsense knowledg&Ve saw a glimpse of
this in Chapter Il and DORA we go deeper and from ¢
different angle herelhe problem was presented as an initi
list of components. For example, and not exhaustively
1 2 obical box, a sharpened pencil, a razorblade, a lengtl
string, paper clips, rubber bands, staples, toothpicks, an
course a piece of (Wisconsin) cheese. From this, the tarrigure 5.4. The peneilxe.
to create a mousetrap. (At the time, | believe this was used
as a creatity test for future engineers.) One Al program | considered was Freeman and
Ne we ¥ | This program had a list dfinctional requirementsind functional provisionsor
various objects. For example, to design a KNIfte programdiscovered that a BLAB
provided cutting (a functional provision)but required holding (a functional requirement) A
HANDLE provided holding. By matching the requirements to the provisions, the program
fdesignedo a knife. I t KevisMillenr as noited abdveg. t he i mpl i c

| tried mightily to imagine how such a program would work in the mousetrap problem.
There are many possible designs. | might make a form of crossbow, where the ends of the rubber
band are attached to the outside of the box, the pencil (as an dreaw) back through a hole in
the side, a paperclip holds it via a notch in the pencil, and a trip mechanism is set up with the
paperclip, the string and cheese. Oor | mi ght
embedded in the pencil as are (Figure5.4), the pointed penciénd lodged in a corner, the
whol e fAaxeo0 propped up by a toothpick with dow
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attached to the toothpick for a trip mechanism, etc.

What, | asked, would the database ofdtiznal provisions and requirements look like? To
make the story short, | will say that | quickly abandoned any hope for this scheme. The problem

is far | arger. One rapidly starts to entertain
the pencil was integral to seeing it as supportive of the kifingction within the crossbow

architecturel t i s doubt f ul that Akillingd or Apiercing
Afunctional provisionso ofdadp@mael di ngadehfeorc otr me |
and while it is doubtful this would have been listed as a functional provision of box corners, it

seems a type of feature. Not e, meanwhil e, that

quite different from the peil as arrow, while a certain feature of strength and rigidity has
emerged in this context.

Sodowe envisionalistofpikef i ned fAfeatureso for each objec
date,as wehave seenn essence this would be the approach ofweati o wn Al fAanal ogy ma
programs. But features are very ephemeral Just | i ke the Averticeso art
A Gi bs oni they are fanetiores gfansformations.A fishing rod ca be flexible under one
transformation, sufficiently rigid under another. A floppy sock, under the approprateyat t i n g o
transformationgains the rigidity and mass become a handy lg wat t er . The pencil
under one transformation may chariggust enough flexibility to support the launching of spit
wads. A box may preserve its edges and corners invariant under various rotations, but lose them
completely under a smashing transformation applied by the foot. And precisely the latter may be
done to turn the small box in the potential components list above into a temporary dustpan. Thus
we would need to store all possible transformations upon any object.

Transformations

Mc Donal d, as we saw, perf or meedvireaofwnousétiame#d di ngo t
to obtain mousetrap #2. This form of dynamic transformation in thought heavily impressed the
Gestalt psychologist, Max Wertheimé&roductive Thinking1945). He had observed children in
a classroom being taught, via drawings opaxallelogram on the blackboard, the traditional,
algorithmic method of dropping a perpendicaltar find the areaa method which in effect turns
the figure into a rectangle for easy computation of the area (length x heidf), when
Wertheimer himself went to the board and dreslightly rotated version of the parallelogram
figure, he was shocked to see that the children failed to extend the m&timdno longer knew
what to doexcl ai mi ng, A We h a But aufside the aaljjorithnhodentedy et ! o
classroom, Wertheimer observed a five yelar who looked at a cardboard cutout of a
parallelogram, then asked for a scissors so she could cut the (triangular) end off and move it to
the other side to make a rectan(fie now compute the area easily). This was bettered by the
dynamic transformation exhibited by another five yelar child who formed the cardboard
parallelogram into a cylinder, then asked for a scissors to cut it in half, announcing it would now
make arectangle.

It is this dynamic Af ol di mphysicisttandanmateeinaticianat i on a
Roger PenroseShadows of the Minduses in examples of what hdtfe s  {ftamputational
t h o uigférrhs®f thought that he felt could not bandled by the computer model of mind and
its foundational .xTome efpdr mdadl Adefmpruittaitdmnof Acomp
by Alan Turing and embodied in an abstract computing machine he described consisting of a
readhead and an infiniteape. It is now called th&uring Machine All current computers,
including neural nets, are simply concrete versions of a Turing Machine. This is to say that they
are always doing computations that fit the definition of a Turing Machine. Obviou#tpudht
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i s tr wloympfurt ant $ them bdygnad
the computer modefor it is then beyond the

-
computation of a Turing Machine. Thuset \1_‘7
computerasmind theorists attacked Penros Aew from
mercilessly None of his critics noticed that ir a distance
his examples ofnoncomputational thought,

Penrose had gravitated towards

transformations and invarianceThat is, none @

of his critics grasped its significancén his @

proof that successive sums of hexagor @ @
numbers are always a cubical number (henc o

computation that does not stop), he initiall 3rd structure -

viewed from distance

folds a hexagonal structure into a thhsided

cube. He then has us imagine building up ar_. . . .
cube by successively stacking (anothF'gure 5.5 Successive cubes built from si

transformation) these thrdaced arrangementswa”’ and ceing. Each side, wall, and ceil
structure make a hexagonal number (1, 7

giving each time an ever larger cube (Figu3 76)
5.5). This is a dynamic transformation ovei
time, in fact multiple transformations thiinvariants across each. We can expand the hexagonal
structures successively, from 1, to 7, to 19, etc., each time preserving the visual hexagonal
invariant. Then, each is folded successively, each time preserving thefattedestructural
invariant. Then imagine them successively stacking, one upon the other, each operation
preserving the cubical invariance. Over this event, the features (or transformational invariance)
of the transformation are defined.

As a simpler example, Penrose considered how we understand that 3 x 5 EachZide
of the equation is different, awee candisplaythis visually as:

x5 (T191) (7YY (T
5x3 (117 (190 (11D (11D (T7D.

A computationaprocedure to ascertain the equality3gb and5x3 would now involve counting
the element#n each group to see that we have 15 in each. But we can see this equality must be
true by visualizing the array:

79991
79991
17979

If we rotate this through a right angle in our mind's eye, we can see that nothing has changed
T the new 5x3 array we see has the same number of elements aS trea$pictured We have
invariance.

These cases are imagesewénts The ability to represent events in the medium of an image
has been utterly problematic to cognitive science. This is precisely because the origin of the
mental image is siply another version of the problem of perception. If you cannot explain the
origin of the perceptuali mage of the external worl d, y ou
explaining the origin of internal mental imagés theseimages are only the retrieval of
originally perceived external events, or a creative combinations thereof.
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Cognitive Science was born
with the advent of the computer
metaphor of mind and brain. The
essence of this modelve have
seen,is that the operations of the
brain can be described as the
manipulations of abstract
Asymbol s. 0 The tone was
completey set, as we saw, by
Noam Chomsky in his attempt to
describe the operation of human
language solely in terms of
symbols and rules for the
manipulation of these symbols

(Figure 5.6). Sentences are_. _
generated from these rules arFigure5.6 More sentences generated by syntactic rule

symbols. The meaning of Structure. Note that these can appear semantically

sentence is supposed to be solMeaningless.

the end result of the set «

manipulations of these symbols

via the set of rules. This is the ever present abstract space and abstract tienbaditoth of
theoretical thinking. Time means nothing here. The manipulations arelesalith respect to
time. It makes no difference to the process how quickly or how slowly we run off our rule or set
of such rules, VP =V + NP, and NP = Det + N, &d NP + VP, etc. The end result is the
same.

The reality is quite different. Let the
sentence be, AThe man stirred the coffee with
thespoon. O The linguistic symbol set, wi t h
its words and syntax, is simply a mediating
device to move the mind to perceiveerent
The sentence helps guide the modulation of
the appropriate reconstructive waven this
case it is the event of coffeersiig. Coffee
stirring, as a dynamic event, is again defined
by invariance laws and transformations
(Figure5.7). There is the radial flow field of
the liquid surface being stirred. The size of
the cup is constant due to the constantraticc { g yr e 5. 7. AStirrir
texture uits it occludes on the table. The
form of the cup is specified by its flow fields.

As we have experienced many of these coffee stirring events, other invariance laws are
defined. As we discussed in the contexttoh e or i gi n of the ff etasst ures of
as i f we have recorded a fistacko of wave front s
reference wave. If we pass a reconstructive wave through, the invariants are highlighted in the
resulting image, the variants wash out. Sainheinvariants that emergethe cup always stays
put on the table while it is stirred, the color of the cup does not change, there is a certain auditory
Aclinkod from the spoon,tiontofhtlersgonjtlsensan irsttumenbon ci r c u
with sufficient width and rigidity to move the liquid, and many, many more.
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