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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 

It cannot be definedé 

 

- 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.  

- Jakob Boehme (1575-1624) 

 

 

Who is it that sees? 

 Zen Koan 

- Bassui 

 

 

Prologue 

 

        At age thirty-three, 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 realized that he had no 

head.   As he describes it: 

 

        It was as if I 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 I found was khaki trouser legs terminating 

downwards in a pair of brown shoes, khaki sleeves terminating sideways in a pair 

of pink hands, and a khaki shirtfront terminating upwards in ï absolutely nothing 

whatsoever!  Certainly not in a head.  (On Having No Head, p. 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 that found room for 

everything ï room for grass, trees, shadowy distant hills, and far above them 

snow-peaks like a row of angular clouds riding the blue sky. I had lost a head and 

gained a world. (On Having No Head, p. 24) 

 

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

sees?   A koan is simply a question, as, in another example, òWhat is your original face before 

you were born?ò or ñWhat is the sound of one hand clapping?ò  The ñquestionò can be even only 

a syllable such as ñMu.ò   Months or years of concentration upon this koan by a practitioner of 

Zen will, it is hoped, bring about the ñanswer,ò that is, the experience of enlightenment.  Douglas 
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Harding had experienced the answer to Bassuiôs koan.  He had been enlightened.   

Simultaneously, he saw the truth of the words of the German mystic, Jakob Boehme (in the 

opening chapter quotes), for indeed, Douglas Harding was the external world.  In that moment, 

the limited personality viewed as Douglas Harding had dropped away.  It was, he said, ñan end to 

dreaming.ò He had realized his true Self, his real Identity.  He was Cosmic Being. 

 

      There is another world of practitioners, namely that of science and philosophy.  In this world, 

the profound insight of a Harding, a Bassui or a Jakob Boehme in all likelihood would be 

received with a benign indifference.  Richard Dawkins, the theorist of evolution, in his work, The 

God Delusion, sets the tone, seeing no need for a Designer of the universe, therefore no need for a 

God.   He is heavily reinforced by philosopher Daniel Dennett (Breaking the Spell and Darwinôs 

Dangerous Idea).  Ray Kurzweil   (The Age of Spiritual Machines) expresses the source of the 

indifference nearly directly.  He sees no difference between ourselves and the robots we will 

(shortly) build based upon our ever growing understanding of the neural architecture of the brain, 

complete with any neural ñGod modulesò for religious experiences which science will discover.  

ñThey [the robots] will believe they are conscious.  They will believe they have spiritual 

experiences. They will be convinced these experiences are meaningful.ò
1
   There are two 

lynchpins we can fix upon, then, that underlie this thinking in this particular community of 

thought.   One is the theory of evolution.  The other, which for Dawkins is an  implicit support 

rather than explicit one, I will label as ñthe findings of neuroscience.ò   

 

    Evolutionary theory, as Dawkins has labored mightily to promulgate, is seen as stripping the 

Designer out of the universe.  The great mechanisms of evolution ï mutations and natural 

selection ï provide a means to account for the development of every variety of form, of creature, 

of dinosaur, of microbe or giant squid that we see in the universe.  There is no need to postulate a 

Designer or any form of consciousness for 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 be a God 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 

Perception 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 suggest a class in the ñneuroscience of belief.ò   In Why God Wonôt Go 

Away: Brain Science and the Biology of  Belief,  the authors make it very clear:  ñWhat we know 

beyond question is that the mind is essentially a machine designed to solve the riddles of 

existence, and as long as our brains are wired the way they are, God will not go away.ò
2
  The 

neurologist, Kevin Nelson (The Spiritual Doorway in the Brain) details a theory where all 

spiritual experience ï near death experiences, out-of-the-body experience, mystical experience ï 

is simply a function of ñactivity in the primitive brainstem, working in tandem with the limbic 

system, the most ancient area of our recently evolved cerebral cortex.ò
3
     

 

       So the companion in arms to evolutionary theory is neuroscience.  In the term 

ñneuroscience,ò I include a conglomerate of sciences clustering around the problem of the 

functioning of the brain, particularly how the brain supports or ñgeneratesò consciousness. This 

includes artificial intelligence (AI), cognitive science, and the 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 coffee-liquid and cream being 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 coffee and a spoon stirring in a gentle 

motion over time?  Equivalently, we can ask, how do we explain the origin of the external image 

of the coffee cup?   

 

       Why is this a difficult problem?   Because the picture science 

has gained of the neural processes of the brain seems to utterly 

contradict the essential experience ï the experience of an image of 

the cup, clearly external to us, in space, with a brown and cream 

liquid surface being stirred.   We can draw a simple picture of the 

dilemma.   Consider Figure I.1.  On the one side is the cup or for that 

matter any external object.   The circle represents the brain.  The 

arrows represent rays of light reflected from the cup which travel to 

the eyes and retinas.  From this point, the light rays are transformed 

into neural impulses ï chemical flows along the nerves ï which 

travel to various processing areas in the brain.  But in the brain, 

from the point in time that the light strikes the retinas, science 

discerns nothing but these chemical impulses traveling around.   We see nothing that remotely 

resembles the image of the cup in the brain.  Nor do we see any projections of light backwards to 

the cup.  We see, as Jeff Hawkins (On Intelligence) describes it, only ña dark, quiet brain.ò
4
    

 

    This is the great paradox 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 and knowledge 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 image of the-cup-being-

stirred is produced by the brain.   

 

    In the back of readersô minds likely lurks the question: ñBut how about computers? They 

generate images all the time.  I see them on my laptop.  Doesnôt the brain do roughly the same 

thing?ò  Yes, the computer, via its software and electronics, can change the color values of the 

thousands of pixels or little dots that make up the projected screen image, creating scenes of 

oceans, or tigers, or movie stars.  Or coffee cups.  But the computer does not see these images.  It 

does not see the coffee cup.  It has merely executed processes or software that change the color 

values of thousands of separate pixels. Nothing more.  This does not imply seeing.  On the flip 

side,  give the computer a camera and let it take a picture of the image of a coffee cup displayed 

on some other blind computerôs screen.  This recorded image, taken by the camera, must be 

transformed into digital values ï patterns of 1ôs and 0ôs ï represented by the states (say, ñonò or 

ñoffò) of the electronic components within the computer.  The actual colors of the brown coffee, 

creamy cream and white coffee cup are gone.  Only the representing bits or electronic 

components  (some ñon,ò some ñoffò)  remain.  We thus have the same situation as the chemical 

flows of the ñdark, quiet brain,ò only now we have the ñdark, quiet machine.ò  There is no clue 

here either how a computer could create and see the image of the external coffee cup. 

 

    But the exponents of neuroscience are unfazed by this state of affairs.   The problem goes today 

under the concept of the problem of ñqualia.ò  How does the external image  of the world 

(whether visual or auditory) have its colors (redness, greens or blues) or its sounds (clanging, 

screeching, rustling)?  In 1995, the philosopher, David Chalmers, famously declared this to be the 

all-important question:  How, after you have described your computer architecture and your 

Figure I.1 Perception of a 

Coffee Cup 
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software programs, or your neural network, or your quantum computer, or whatever architecture, 

have you accounted for the qualia of the perceived world?
5
   This was dubbed  ñthe hard 

problem.ò  It has yet to be solved, despite volumes of discussion. Yet Nelson, in his The Spiritual 

Doorway in the Brain, also happily reducing all spiritual experience, to include Near Death 

Experiences (NDEs), to neural processes in the brain, spends perhaps three lines on the problem, 

dismissing it as something that eventually will be solved. The authors of Why God Wonôt Go 

Away, in their description of the neural architecture by which the brain supposedly generates our 

perceptions of the world, also effortlessly glide over the problem of the origin of the image of the 

external world; they also assume this is one minor problem that will  go away.   Hence they are 

quite certain of the truth of this statement: ñWhat we think of as reality is only a rendition of 

reality that is created by the brain.ò
6
   All experience, let alone spiritual experience, ñcan be 

reduced to a fleeting rush of electrochemical blips and flashes, racing along the neural pathways 

of the brainò.
7
  The mystical experience of a Harding, we are assured, may indeed be that of a 

healthy mind ñcoherently reacting to perceptions that in neurobiological terms are absolutely 

real.ò  Unfortunately, the two trillion hairy spiders which the schizophrenic sees crawling out of 

the walls  are also ñabsolutely real in neurobiological terms.ò  ñNeurobiological realityò is a 

flimsy assurance to those seeking the meaning of mystical experience.    

 

      Practitioners of science, then, such as Dawkins, resolutely 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 colors, its form and the stirring spoon.  Thus, since the brain is considered the 

sole and sufficient source of all these things, there is nothing else that science can say about the 

experience of Douglas Harding but this:  it was simply an experience generated, strangely 

enough, by some chemical reactions and neural impulses, yet to be defined, by and within 

Douglas Hardingôs brain.  The experience can have no significance beyond this.  Combined with 

evolutionary theory, with the Designer-God removed from the universe, this conclusion is 

reinforced. 

 

       This vision of the functioning of the brain has a side effect.   It supports the extremely 

optimistic view that artificial intelligence (AI) and robotics will combine to create robotic 

intelligences equal to and greater than the humans that create them.  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 hardware, the 

circuits and the processing architecture of the brain in silicon and in other artificial components to 

create intelligent devices with cognitive capacities beyond our own.  This must be so, for the 

(imminent) final understanding and mapping of the brainôs neural processing is seen as the entire 

key.  

 

       These two pillars of modern thought ï neuroscience with its companion vision of robotic AI 

and evolutionary theory ï deeply and symmetrically reinforce each other.  Evolutionary theory 

sees the brain as naturally evolved via the process of natural selection without aid of a Designer.  

In turn the universe itself can be viewed, as physicist Seth Lloyd argues (Programming the 

Universe), as a vast (quantum) computing machine, seeded by random chance with a few simple 

programs which get the whole development going.  This ñuniversal computerò generates by 

simple computing processes in conjunction with natural selection all the forms, planets, galaxies, 

alligators and butterflies of the universe.   
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Quality ï Lost 

 

      The origins of this view go deep.  Outside the window of my little farm house where I now 

write, a coyote is trotting, passing by near the barn.  I wonder what kind of journey he made to 

end up this far north.   I am reminded of the narrative of another journey, a journey on a 

motorcycle, but not at all about a journey on a motorcycle.  It is Robert Pirsigôs great classic, Zen 

and the Art of Motorcycle Maintenance.  It is a book still deeply, profoundly relevant here.  Zen 

and the Art was really a tale of one small fight in the battle for the nature of mind.  The main 

character was not a coyote, but rather, Phaedrus ï which is Greek for ñwolf.ò  ñPhaedrusò was the 

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 therapy.  Zen and the Art was his story. 

 

      Phaedrus had discovered a profound philosophy, an ancient philosophy, existing before Plato, 

before Socrates.  Its fundamental vision was Quality or Excellence. The Greek heroes embodied 

it.  Achilles, Hector, Ulysses were the embodiment of Quality ï Excellence.  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 to a pejorative term (sophistry) implying deceptive logic.  Plato 

subordinated Quality, which he called ñthe Good,ò to the ñTruth,ò to ñobjectiveò reality, to 

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 consequences of Platoôs victory.  The seeds of the  robotic vision of man were 

sown at that moment.  This vision is incapable, intrinsically incapable, 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 Quality. And by this, the essence of all our experience, all of our perception, all of 

our consciousness, is quality.   

 

       But in the reigning philosophical thought of our times, the framework that currently 

permeates all science, that permeates the Dawkins, the Dennetts, the Kurzweils, 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 back.  The philosophers, as I noted, coming only slightly 

to their senses about the computer model of man, now routinely term this fundamental, qualitative 

nature of our experience, of our vision and hearing, ñqualia,ò and the computer modelôs inability 

to deal with this as ñthe problem of qualiaò or the ñhard problem.ò  But being children of Plato, 

they are lost, 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 everywhere, in Arnold 

Schwarzeneggerôs Terminator, the R2D2s, Spielbergôs machine-child in ñAI,ò in the ever 

discussed threat of machines far surpassing, in the near future, the intelligence of man.  It comes 

into the business world cloaked in IBMôs Capability Maturity Model which specifies how 

humans should build computer software acting, for all practical purposes, as a group of robotic 

machines.  It confuses educationôs approach to teaching, for it clouds the very nature of mind.  It 

now permeates the discussion of spirituality ï what there could be left of it ï for spiritual 

experiences will eventually be generated by robotic machines that simply simulate, supposedly, 

what we humans in fact are.  And the consequences of this deformed philosophy, championed by 

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

race. 
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ButéHow do we see the coffee cup? 

 

        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 the snow-peaks of the Himalayas.  

Science cannot explain conscious vision.  In truth, science has set itself its own koan. Rather than 

ask, ñWho is it that sees?ò it asks, ñHow do we see?ò or ñWhat is the process by which we see?ò  

But science has not been able to crack its koan.  A Zen master would chastise  this science ï it has 

not meditated long and 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 Harding.   

 

      The fact is, there is a scientific answer to scienceôs koan. There is a solution for the 

philosophers. It was laid out in a model of perception developed by the French philosopher, Henri 

Bergson, in 1896. Subsequent developments in the theory and science of perception, in 

neuroscience and in physics have increasingly reinforced its plausibility.  The pieces simply have 

not been put together within a single framework.  This framework answers the question, ñHow do 

we see?ò  But simultaneously, it answers Bassuiôs koan, ñWho is it that sees?ò  It turns out that 

we must answer this ñwhoò question simultaneously in order to answer the question of ñhow.ò  

The one entails the other.  The answer to this koan that I will give here will not be the experiential 

answer of a Harding, but it will, in its theoretical way, deeply support Hardingôs Zen-experience, 

and perhaps along the way impart the reader a glimpse of this experience.    

 

      I must prepare you for this:  we will not, with the exception of a short discussion in the last 

chapter, be exploring various Zen experiences, mystical states, experiences in other realms of the 

universe.  This will be a focus on the everyday mysticism of experience ï ñChannel Normalò if 

you will ï and the reasons why it is so.  Our everyday perception of the coffee cup is as mystical 

as a Zen enlightenment.  It is not for nothing that the Buddha said, ñSamsara is Nirvana.ò  

Samsara ï the world of everyday objects, of coffee cups and spoons ï is the mystical.  This is 

simply not understood, either by non-mystics or by science.  We will be seeing how mystical our 

Channel Normal really is, how far we are from robotic machines, and we will be getting glimpses 

of potentials we actually hold as beings, far beyond the limited and limiting conceptions of the 

machine model of mind. We will see why Channel Normal is not ñgenerated by the brain,ò and in 

doing so, we will be laying the basis for an ability that might be possessed by that remarkable 

instrument that is the brain to perceive other realms as well.  I could have left the spiritual 

relationship out of this book; I could have made it entirely and narrowly a treatment of a new 

model of the brain, of perception and memory.   But the Dennetts, the Dawkins, and so many 

others have dragged the spiritual nature of man into the fray, using their scientific findings on the 

brain and their neural models of cognition and memory as a bludgeon, that the spiritual question 

now  screams to be addressed.  Therefore I have chosen to declare the tie.   

 

            There has been many another book advocating a larger view of mind ï The Holographic 

Universe, The Field, The Akashic Field, the recent, The Source Field Investigations, and many 

more.  But what is invariably  lacking is a usable theoretical point of entrée for the fundamental 

questions of consciousness, perception and memory being discussed by the academic world 

today.  In a word, I wish to give not only to the public, but to the academic world ï the theorists 

of our everyday consciousness, perception and memory ï 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 the spiritual 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 Normal ï our everyday, ecological 
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world.  
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  Chapter I 

 

The Mystical Perception of Coffee Cups 

 

 

     The physical world is an infinity of movement, of Time-Existence.  But 

simultaneously it is an infinity of Silence and Voidness.  Each object is thus 

transparent.  Everything has it own special inner character, its own karma of ñlife 

in time,ò but at the same time there is no place where there is emptiness, where 

one object does not flow into another.  

         - D. K., Canadian housewife, in The Three Pillars of Zen  

 

     Phaedrus felt that at the moment of pure Quality perception, or not even 

perception, at the moment of pure Quality, there is no subject and there is no 

object.  

- Zen and the Art of Motorcycle Maintenance 

 

 

The Koans of Life 

 

       It is my experience that one is prepared by Life.  For what, one learns gradually, perhaps.  All  

may be preparation.  I was never much in high school mathematics.  It just never penetrated, and 

my teachers had no clue how to get to me.  I was in some other world.  Of course the world I was 

in, in high school, was another world.  My high school was a Franciscan seminary in Chicago.  I 

apparently was always a somewhat mystical type.  My Catholic imagination had been seized by 

Saint Francis when I was seven years old upon reading a book entitled, The Perfect Joy of St. 

Francis.  A Franciscan ï this is what I 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 I was immersed in English 

literature and creative writing,  Latin, Greek, German, and French too.  Not many people can say 

(or want to) that they have seven years of Latin.  I read the New Testament in Greek, and 

Xenophonôs tale of the journey of a Greek mercenary army through Asia, the Anabasis and the 

Katabasis.   I dwelt in this environment through four years of high school and two years of 

college.  I then entered the Novitiate, in theory, for what was supposed to be one year and a day, 

but ten months later, or two months and a day early, I said goodbye to the Franciscan world.   

 

      There is a book on the military academy at West Point entitled, ñThe Long Gray Line.ò  I 

suspect there should also be a book entitled, ñThe Long Brown Line.ò  My class was the last of 

the long brown line of Franciscan friars to experience the novitiate.  What was now left of my 

sixty-plus high school class ï twenty guys at age 20 or so ï were cloistered in an enclosed 

monastic setting in the small farm  town of Teutopolis, Illinois.   The brick walls surrounding the 

enclosed space embraced enough room for a softball field, played with a sixteen inch ball, a small 

vineyard, a walkway of bricks comprising an oval circle about seventy five yards on the long axis 

with trees in the center, and plenty of southern Illinois heat.  There, in the midst of summer,  we 

donned the brown wool habit, the white cord with three knots, the long rosary of big brown 

beads, and sandals.  There we endeavored to maintain a year long silence ï except for breaks on 

Wednesday and Saturday afternoon when we played softball. We were roused out of bed in our 

tiny cells at 12am, slogged down the corridors to the little chapel and chanted Matins and Lauds 

in Latin for half an hour, then meditated for half an hour, then slogged our way to bed again at 

1am.  We were roused out again at 6am, plodded to the chapel and chanted Prime and Terce, 
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attended mass, ate breakfast in the refectory in silence, did some 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 and bed at 9pm, woke up at 12am.  Rinse and repeat.  Did I mention we 

also walked the brick oval reciting the rosary on our big brown beads?  Sundays were different.  

On Sunday we attended two masses.   In our softball games, it was my great joy to pound the 

softball over the brick wall, which 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 degrees. I had no doubt this 

is what I wanted to do.  In this regime of chanting, prayer, reading philosophy, silence and 

softball, the desire came to me to do research and theory on ñwhat it means to understand 

mathematics.ò  My obtuseness in this subject always seemed curious. Something was wrong.  My 

interest in psychology merged with my curiosity over the cause of my mathematical blindness.  

So ten months later, when I made my way back to Minnesota, it was psychology that became one 

of my majors.  It was 1966.  No longer with a draft deferment, I immediately found myself 

undergoing army medical exams in the draft induction process. I managed to gain one extra year 

by entering the University of Minnesota, 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 by rats ï rats in 

their Skinner boxes, rats pushing levers, rats receiving food pellets, rats slaving under Skinnerôs 

ñlaws of reinforcementò ï the roughly four laws that 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 boring time to study psychology.   Only the last course I ever took, 

stuffed into my last summer session, given by a professor from the University of Michigan 

visiting the barren Skinnerian landscape of Minnesota, offered hope.  Its subject was the great 

French theorist, Jean Piaget, and his theory of childrenôs cognitive development.  To me, it was 

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 do.  It was actually admitting there was 

a brain.  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 the world.  For the child there is only the subjective.  There are 

yet no ñobjectsò distinct from the child as subject.  Toys are part of the child.  Moms are part of 

the child.  Chairs are part of the child.  There is only, in the whole world, one subject or self ï the 

child.  It is only over the course of cognitive development that this distinction ï subject versus the 

objects of this world ï is made.  

 

     I filed this away. It hurled me back to the philosophy course on ñepistemologyò I had received 

from Father òFergie,ò my Franciscan philosophy professor, in my second year of college at the 

seminary, the last year of school before novitiate.  Epistemology is supposed to be the study of 

ñhow we know what we know.ò  How does a subject know about an object distinct from himself?  

How can one be certain of this knowledge?  Fergieôs fascination by this problem was impressive.  

It was a great course. I hadnôt a clue what it was really all about.  But it was filed away too like a 

koan ï another one of those strange sayings of the Zen masters like, ñWhat is the sound of one 

hand clapping?ò  

 

      There would be no Zen Enlightenment however.  It was 1967. The Vietnam War was raging.  

It was Uncle Sam who wished to give me his own experience of enlightenment.  I 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 classmate, later a fellow officer in the third 

reconnaissance battalion in Vietnam and my roommate at the recon base in Quang Tri, a city just 

below the Demilitarized Zone.   The 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 maybe half 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 run into the nearby town, 

usually on Dukeôs motorcycle. The mission was to find a wine with the highest alcoholic content 

possible.  ñArribaò was our current favorite.  We were then prepared for the night.  Duke was the 

craziest.  He had served as an infantry platoon commander for the standard thirteen months in 

Vietnam, then re-upped for an additional six months after the troops of his platoon, in 

appreciation for his leadership style, turned him on to marijuana.  He now was a fan of LSD.  

Duke could be tripping, but you might never know.  

 

       Jay, who, with a Navy Cross, was the most highly decorated of the four of us, and myself, 

were a bit at arms length from any drug festivities.  In my case, I had been in a profoundly 

involuted state ever since my return.  I was a question to Life.  I did not know why I had survived.  

I wondered profoundly ï to what purpose?  I was reading Teilhard de Chardin with his notion of 

the evolution of human consciousness, and the mystical Herman Hesse ï Demian, Siddartha, The 

Glass Bead Game.  A mutual girl-acquaintance of us all had given me a copy of Richard Buckeôs 

Cosmic Consciousness.   Poems were coming out of me that made little sense at the time.   The 

Catholic Church and its doctrinal guidance, what there was of it,  had been utterly abandoned 

before Vietnam.  This latter came via an interesting move.     

 

      In Marine Officer Basic, in Quantico, across the hall from me and Hsieh Hua Cheng, my 

poet-officer Taiwanese-Marine roommate, was Mike OôConnor, a wrestler from the University of  

Iowa.  One day, sitting in his room, towards the end of our six months of officer training, 

OôConnor, the Irishman essential, asked, ñAre you going to go to confession before we go to 

Vietnam?ò  I said, ñI donôt know, why?ò  To which he said,  ñI think it would be just hypocritical.  

The only reason I would be going is because Iôm scared. That just seems cowardly.ò  ñYup,ò I 

agreed.  Neither of us went to confession. I was pretty much done with the Church by that 

statement.  They say there are no atheists in foxholes, but this scarcely does justice to the 

complexity of the souls of men in war.  But OôConnor was killed on a recon patrol on the same 

day we both had sat on an LZ together talking, waiting for our respective helicopters to take our 

six-man teams into the middle of Vietnamôs jungles, and the same day my own team got in a 

firefight, had a man killed and we were forced to make our escape.   

 

        There were enough of these experiences to put me in my ñprofound state of involutionò in 

North Carolina.  So very late one night, after our standard celebrations, I wandered out on the 

balcony of our second level dwelling, overlooking the sea, the sound 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.  I became aware of a Presence, a Being ï a Being that had always 

been, a Being which ñIò was, and which I had always been.  This Being had done everything ï 

good, bad, or everything under the Catholic definition of sin ï that  ñIò had ever done.  But there 

was no sin.  Somewhere, I 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 sin, for this 
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Being was the  source of all action, and this Being was infinite. The ecstasy of the Love of this 

Being was so great, I could hardly bear it.  The entire world was bathed in a literal glow of Love.  

I kissed the wooden lamp post, the wooden railings of the porch, the outside 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.  What ever happened, to oneself, to another, it was absolutely just. 

 

      Duke came out and asked me if I was OK. I told him I was on a trip.  This, he knew better.  

He looked quizzical, but he went back to bed.  And in this profound state of ecstasy, I fell asleep, 

but only to dream.  In the dream, I 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, we ï this Being and I ï began racing swiftly up and down the length of the road, 

touching, traversing, melding with the minds of every individual moving in this vast stream.  At 

this point I awoke.  

 

       Somewhere, in all this that night, I had seen that the relation between Subject and Object was 

not what psychology presumed it to be.  I said to myself that if this relationship was redefined, an 

entirely new psychology of mind and cognition must result.  Perhaps, I thought, vaguely, it would 

be profitable to pursue Piagetôs conception of the initial oneness of subject and object in the child, 

studying the mechanism of the eventual partition of the childôs undifferentiated world into 

ñsubjectò and a world of separate ñobjects.ò  This, I vowed my Being, was what I would dedicate 

myself to pursue when I could 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 week.  We were being given an early out.  

Instead of February of 1971, I would be released from duty in September, 1970,  just one more 

week. The day I got my release papers, I tried an exploration.  Duke had long been advising that I 

should see the world on LSD.  I had refused, feeling that if I had to report to the Camp LeJeune 

base the next day, any sense of time distortion would put me in an extremely paranoid state. 

Perhaps I would be late to work!  Perhaps time would run backward!  So that afternoon, in my 

new state of freedom, with Duke present in our yacht basin quarters, I gave it a try.  

 

         I quickly entered a state of fear, I was losing ñmyself,ò my identity.  I told Duke this, and 

his response was, ñWhat are you worried about losing?ò  This, strangely, did the trick. I entered 

the transformed perceptual world of LSD, with its vibrant colors and sounds, where wine glasses 

seemed extra translucent, where sounds seemed never ending with depth, where every thought 

quivered with layers of meanings that never ended.  In this world, a little fly was buzzing around 

me.  It was a very slow little fly, with wings flapping more slowly than the standard fly, and I 

waved slowly with my hand to move him away.  I would remember this fly.  

 

      I was ready to return to Minnesota.  All my belongings fit in my 1970 red Mustang Mach I, 

save for my little blue sailboat on the boat trailer attached.  The Mach I would get there very fast.  

I would arrive just in time to begin the fall semester at the University of Minnesota.   

    

The Koans of Bergson 

 

      It was fall of 1970. Poised just over a small hill of time, the computer model of mind was 

ready to sweep into psychology, birthing ñCognitive Science.ò  The Skinnerian rats were doomed 

to unemployment.  One of my first graduate courses that first semester was on the uses of 

mathematical group theory in psychology and the role it plays in Piagetôs theory of cognitive 

development.  The professor was Dr. William Bart, and he was quite fascinated with the notion of 

the mathematical group and its usefulness.    We had to write a paper for the course, and I asked 
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Dr. Bart if my topic could be, ñThe epistemology of Piaget.ò  Now we have a pretty good idea 

where the ñepistemologyò thing came from.  But Dr. Bart thought a moment and replied, ñIt 

would be better if you did a comparison of Bergson and Piaget.ò  Sounded good to me.  But who 

in heck was Bergson?  

 

       Henri Bergson, it turned out, was a French philosopher who wrote at the turn of the century.  

He was very famous circa World War I and his influence was very pervading.  He was so famous 

that the French army in World War I appropriated one of his key concepts in the topic of 

evolution, an ñélan vitalò or vital force driving evolution.  The French forces possessed the élan 

vital.  Piaget was in fact a student (at least for a course or so) of Bergson. 

 

     It seemed Henri was always a 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 remark, ñYou might have been a mathematician, but  

you will be only a philosopher.ò  Only a philosopher or not, he seems to have had a remarkable 

presence.  The following description of Bergson was given by one of his classmates upon the 

later occasion of his reception into the French Academy: 

 

      I recall quite clearly our first encounter.  You were already famous then. You 

were always famous.  I recall the fragile looking youth in those days with your 

slender, slightly swaying figureé You said little, but that little was uttered in a 

clear, sedate voice, full of deference to your companionôs opinion, especially 

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 somewhat different than ourselves ï 

though not distant ï you were never that and you have never been, but rather, 

somewhat detached and distinguished.  From your personality emanated a 

singular, subtle charm; it was something quite subtle, even mysterious.
1
    

 

         He wrote and published his doctoral thesis in 1889, entitled, Time and Free Will.  This was 

followed in five years, in 1896, with Matter and Memory.  His most famous work, in 1907, was 

Creative Evolution, with its theory of the nature of evolution as being in fact the evolution of 

consciousness.
2
 

 

        I found a book, an exposition of Bergsonôs philosophy, by Wildon Carr.   I dove into Carrôs 

exposition.  It was profoundly difficult to understand.  I 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 statement that Carr quoted from  Matter and Memory:  

ñQuestions of subject and object, in their distinction and their union, must be treated in terms of 

time, not space.ò 
3
  So there it was.  Subject and object.  But what did this mean ï treated in terms 

of time? 

 

        Intuitively, I understood the warning on space.  What I have said thus far about ñsubject and 

objectò has been in terms of space.   That coffee 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 radio.  It too is distinct 

from me.  This is where the 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 desk, the spoon, are of course, ñobjects.ò  You perceive these objects.   

But how do you know they are really there?  ñYouò are the knowing ñsubject.ò  You are quite 

sure you exist.  You feel the pain in your back perhaps if you have just gotten out of bed, perhaps 

even sleepiness, maybe your eyes are heavy.  These internal sensations form a ñyou-nessò you are 

quite sure of.  It is entirely ñsubjective,ò but very certain.  But the cup and the book are external 

to you.  How are you certain they exist?  How do you know they are anything more than 

components of these internal sensations that comprise your subjective existence? 

 

       A certain philosophical position known as idealism would actually say that  both book and 

cup are creations of the mind.   All is idea.  It is as though all is a dream.  This position is not 

much in favor today.  The opposite position is realism.  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 realism ï 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 

existence. Indirect realism is more cautious.  Letôs look again at our picture the problem. 

 

         In Figure 1.1, the coffee cup is  an external object, the circle is 

the brain ï the home of the subject ï and, as noted earlier, the 

arrows represent the light rays reflecting from the object to the 

brain.  This is perception from a scientistôs eye view.  The rays 

continue through the retina, the light-energy is transduced and 

encoded within the neurons of the brain perceiving the cup into a 

neurally-based ñrepresentationò of the object ï a  representation 

consisting of chemical flows or electrons whirling that can look 

nothing like the cup.   The processing of the physical light-energy 

ends in the visual sensory cortex ï the appropriate processing area 

of the brain.  As the philosopher, Mark Crooks notes, there is no 

return of vision to the coffee cup.
4
  All perception then, even though 

of an external object, is occurring within the neural systems of the brain. This is the undeniable 

finding of neuroscience. 

                                                  

      The paradox is clear:  we cannot actually see into physical space or directly observe the cup, 

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 perception is direct, that we truly see the coffee cup on the desk, right 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 foot against the implications of Figure 1.1.    The compromise, then, is indirect realism.  The 

cup, the book, the Kleenex box on my desk are very real, but they are only representations, 

representations that look nothing like the box or the coffee cup, but that can be found somehow, 

and are supported somehow, in 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, it ultimately 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 area of the cup is 

distributed simultaneously across an area of separate neurons in the visual cortex.  It is temporal 

also.  Whether the cup sits stationary or it moves, the patterns change over time ï successively 

different neurons fire at different rates.   If we are listening to a musical phrase, the firing of 

neural patterns in the auditory area of the cortex changes over time.  There is yet a spatial aspect, 

                                                        

Figure 1.1 Perception of a 

Cup 
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for the inner ear or cochlea is laid out in space, as a line, and each frequency component of the 

sound causes a different (spatial) portion of inner ear or cochlea to vibrate.  So for both sound and 

vision, we end with only spatial and temporal variation of patterns.   As we saw Jeff Hawkins (On 

Intelligence) say, ñthere is no light in there,ò the ñbrain is dark inside,ò and quiet.    Hawkins goes 

on to say: 

 

       This is not to say that people or objects arenôt really there.  They are really 

there. But our certainty of the worldôs existence is based on the consistency of 

patterns and how we interpret them.  There is no such thing as direct 

perceptionéRemember, the brain is in a dark quiet box with no knowledge of 

anything other than the time-flowing patterns of its input fibers.
5
      

 

      This is indirect realism.  Note the denial of direct realism or direct perception.  But how, from 

these firing patterns, do we get the white cup, with its brown coffee and rising steam, located 

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 indeed very 

consistent, occurring each time the cup is there.  But how does the brain know?  How do I, the 

subject, know?  Yes, I can reach out and touch it, but what if I could not?  And even if I touch it, 

how is this touch sense any different?   It is just another brain-generated ñimage,ò a touch image 

or kinesthetic image.  All is only firing patterns in the dark, quiet brain.  Curiously, then, indirect 

realism offers only a faith in realism ï the actual objective existence of the external world.  It is a 

hairôs breadth ï a microscopic, in practicality, invisible hair ï from saying this: all is only idea.  

 

      Current robotics and AI vision systems are being programmed to process information 

received from their external environment.  The robot is given a camera which picks up the light in 

the surrounding world.  The information in the light, the pattern, is again transduced or encoded, 

this time to on/off electric switches representing ñbits,ò where each bit is either a 0 or 1.   Just as 

the brain transduces the light to neural firing patterns, the robot takes the light patterns and 

encodes them to patterns of bits, 000110001, 10010011, etc., flipping the bit states from 0 to 1 ï 

changing bit patterns in the ñdark quiet worldò of the robotic computer-brain. The robot can 

compute action from the information encoded in these bit patterns.  The robot can act as though it 

sees.  It can make its way along corridors or even, with new improvements, a little rougher 

terrain.   But it is little different than a congenitally  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 the changing patterns of bits. Though the movies depict Arnold, the 

Terminator, with a display screen of the external world complete with little digital read-out 

numbers in red flicking across the bottom, there is no theory as to how Arnold-the-Terminator 

could see this readout screen and its image. Arnold, the Terminator, is blind as a bat.  But he acts 

convincingly.  He can defeat other robots.  He can spit out one liners. A TV set, guided by its 

digital signals, paints light patterns on its screen.  The TV does not see the screen, it does not see 

the image, we do, and it is our ability to see the image, how we do so,  that is the problem.  

Arnoldôs picture display is just a mini-TV set, a part of Arnold, and Arnold too has no ability to 

see the image digitally painted on his screen.  AI and robotics have not one thing to contribute to 

the solution on 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 explanatory helplessness 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 

being shrunk to the tiny scale of the adventurers in the film, ñFantastic Voyage.ò  Once the 
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visitors ascend past some dissolving cheese making its way down a hallway-sized intestinal 

system, they arrive eventually at the summit ï the brain.  Here they take seats around a cluster of 

display panels built atop model neurons.  The neurons project images ï perhaps our coffee cup on 

the table or the half-eaten cheese ï onto a larger screen at the top of the domed space, to give an 

impression of how consciousness works.  Unsaid is the fact that no one has a clue how neurons 

ñprojectò anything in the way of an image, and if the neurons did so, to what screen?  The top of 

the skull?  And just ñwhoò is in the brainôs theater looking at the screen on the top of the skull?  

Now we would need to explain how that ñwhoò sees the image on the screen.  So, we would have 

to have another Corpus, with control room, with neurons, with screen, to explain how the first 

image is seen.  It is what is termed an ñinfinite regress,ò for we never get out of the rather 

expensive need for building another Corpus within the previous Corpus.   

 

       This is the problem as it stands 

today.  This is the problem as it stood 

in 1970.  This is the problem as it 

stood when Bergson wrote in 1896.     

One does not need the existence of 

computers or robots to see this. In my 

graduate student days and in my 

doctoral thesis, I liked to call this the 

ñcoding problem.ò The light patterns 

or sound patterns of the external 

world are being translated to the 

brainôs own form of ñcode.ò  The 

external world is ñencodedò in the 

form of these neural firing patterns.  

This encoding, resulting in the 

strange, dark ñinternal worldò of the 

brain, is what I termed the standard 

model of perception (Figure 1.2).   But now the fun begins.  How, we can ask, can a code, which 

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

which the external world is known.  Three dots (a code), ñéò, can stand for an ñSò in Morse 

code, the number 3, the three blind mice, or, if you are novelist Dan Brown, perhaps for Da 

Vinciôs nose.  How is the domain of the mapping (from code to world) specified?   How is the 

code decoded or unfolded into a cup, coffee and a stirring spoon? That is, how is a code unfolded 

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

 

      It is not that this problem was unknown in the 1970ôs.  Roger Sperry, the great neuro-

psychologist, pointed this out in 1952, saying: 

 

      In short, current brain theory encourages us to correlate our subjective 

experience [the steaming coffee cup, the singing violin concerto, the feel of 

rough sand paper] with the activity of relatively homogeneous nerve-cell units 

conducting essentially homogeneous impulses through roughly homogeneous 

cerebral tissue.  To match the multiple dimensions of mental experience we can 

only point to a limitless variation in the spatial-temporal patterning of nerve 

impulses.
6
  

             

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

to see the problem.  It is 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 only exacerbating the problem.  Give the 

 Figure 1.2 The ñStandard Modelò of Perception 
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computer a camera, give it a microphone, give it a pressure sensor ï all of these different sources 

of input must be transduced to changing patterns of binary (1 or 0) bits, e.g., 111110000 or 

0101011110, etc.,  where the bits 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 operations on, and transformations 

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 cup located externally, as an object, in 

space? How would the computer, as subject, ñknowò the external object as external?  For David 

Marr, the influential theorist of computer vision, the question would sit  at the heart of his 

framework for computer vision, for to Marr, ñéthe true heart of visual perception is the inference 

from the structure of an image to the structure of the real world outside.ò
 7
  The ñstructure of the 

imageò is just the structure in the patterns of bits. The ñstructure of the real world outsideò just 

happens to be our everyday image of the external world ï our image of the white cup with steam 

wisps and swirling brown coffee from the stirring spoon.  Yes, getting from one to the other is a 

problem, and it is one heck of an ñinference.ò 

 

        The problem is not just germane  to computer models.  It runs ubiquitously today through 

the numerous solutions to the ñhard problem,ò a problem, as I noted in the Introduction, famously 

so coined by David Chalmers in 1995.  Simply put, philosophy today asks how our experience 

has qualities, for example, the ñrednessò of the sunset, the ñrustlingò of the leaves, the ñsingingò 

sound of a violin.  How, Chalmers asked, after you have described your computer architecture 

and your software programs, or your neural networks, have you accounted for the qualia of the 

perceived world?  This ñqualiaò problem is simply an aspect of the general problem of accounting 

for the image of the external world.  The  coffee cup (and its image) has qualities ï it is white, the 

coffee is brown, the spoon is silvery ï but the cup has qualities of form as well.  As we shall see, 

the philosophers seem to have convinced themselves that form is not ñqualia,ò that the form of 

the cup is easily ñcomputableò  and thus not subject to the hard problem. This, we shall see, is 

dead wrong, but  just for now, it is not hard to see that if your computations have encoded form as 

1ôs and 0ôs in on/off states of a computerôs memory, you still have the coding problem. How is 

this code now unfolded as the cup?   It 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 I listed one, I could list twenty-five ñhard problemò 

solutions, each with an intrinsic coding problem, utterly unacknowledged.  We cannot take the 

neural-encoded information, apply an ñintegrating magnetic fieldò and claim we have explained 

the image of the coffee-cup-being-stirred when we cannot begin to explain how a magnetic field 

can unfold a ñdigital-neuralò code.  Yet this has been claimed.
8
  We cannot expect RoboMary, a 

theoretical robot who does not perceive color, to overcome this lack simply by ñself-

programmingò the range of ñcolor codesò in her ñcolor registers.ò
9
 The coding problem, woefully, 

yet remains.   There are many more; the problem should be clear.    

 

        This statement of the ñcoding problemò anticipates my story, but only slightly.  It did not 

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 do not begin to solve Bergsonôs ñkoan.ò  Why the 

relation of subject and object in terms of time, not space?  

 

Koan Number Two 

 

        I threw myself into Matter and Memory.   I read it forwards, backwards, inside to out in each 
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direction.  Bergson had spent the previous five years studying the cases of, and theories on, the 

loss of memories.  This included amnesias which result from sort of injury or blow to the brain, or 

ñaphasiasò where some class or form of memory is lost due to a lesion in some area of the brain, 

perhaps, as an example, affecting the ability to recognize objects or people in vision or the 

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

is oblivious today.  Bergson felt that whether or not our past experiences are actually stored in the 

brain is key in deciding whether or how the brain ñgeneratesò 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 brain was not the 

storehouse of experiences. 

 

       Bergson introduced his analysis in Matter and Memory with a remarkable theory of vision. In 

a key passage, he disparaged the idea that the brain could in any way develop a ñphotographò of 

the external world, for example, an internal, photographic image of our coffee cup on the table.  

Indeed, as I have already discussed, modern neuroscience certainly agrees with this assessment.  

We see only chemical flows from neurons to neurons, only spatial and temporal patterns of 

neurons firing.  Nowhere in the patterns of neural activity could there be anything like a 

ñphotographò or worse, a set of photographs of the cup on the table with a spoon stirring the 

coffee as successive snapshots of the spoonôs motion.  In this context, Bergson then stated: 

 

     But is it not obvious that the photograph, if photograph there be, is already 

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:  Each 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 upon each the influence of the whole material world.  Call up the 

Leibnizian monads:  Each is the mirror of the universe.
10

  

 

      What did Bergson mean by the ñphotograph developed in the very heart of things and at all 

points of space?ò  Another koan. On my first and many subsequent readings, this was a mystery.    

 

        His admirers and his critics alike considered his discussion of perception obscure.   

Nevertheless, the book had a great impact at the time.  He went on to publish his famously 

received work on evolution in 1907 (Creative Evolution).  His fame  became such that the papers 

debated whether he should  give his university lectures at the Paris opera hall, as the ladies of 

society wished to hear the great Bergson.  If the radical nature of his theories wasn't enough, his 

very popularity with the public seems to have won him some hard feelings in the academic world.  

The British philosopher, Bertrand Russell, attacked him bitterly (and cluelessly I might add).  

One admirer of note, however, in America 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 I must neglect, was the great British philosopher Alfred North 

Whitehead. Yet others influenced by Bergsonôs freshness of  thought included the philosophers 

Martin Heidegger and Gabriel Marcel.   By 1914, to avoid further embarrassments due to his 

popularity, he resigned his teaching position.  

 

     He emerged again briefly in 1922.  Stimulated and disturbed by the supposed implications of 

the physicist Paul Langevin'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 analysis of 

relativity, Duration and Simultaneity, and also in 1922, 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.  
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Einstein and the world of physics were unmoved by Bergson's arguments, but this is a story I will 

explore later; I will only say here that this issue lies at the root of certain problems in physics to 

this day, to include the continued failure to reconcile relativity with quantum mechanics.  By 

1924 his health began to decline, though in 1932, concentrating on fields beyond science, he 

published The Two Sources of Morality and Religion, a work 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 coincided 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, in Nazi-occupied Paris, contracted after waiting 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 psychology.  Queued on the horizon 

was the behaviorist model of mind of B. F. Skinner with his rats and Skinner boxes.  Next would 

come the great model of my generation ï the concept that the brain is a computer. 

 

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

 

     The best explanation for Bergson'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 physics.
11

      

 

    But this was not the view of de Broglie, a founder of quantum wave mechanics, and 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 I were to pick a year when the computer model of mind and brain swept into the University 

of Minnesota, I would say 1972.  In this year the Carnegie-Mellon computer scientists,  Alan 

Newell and Herbert Simon, published Human Problem Solving.   My primary advisor in 

educational psychology, Paul E. Johnson, held a seminar on just this book, and the graduate 

students in the class, including me, poured over its chapters and discussed it. To Newell and 

Simon, the brain is just another form of computer.  Its essence is to manipulate symbols, just like 

the symbols ï the little aôs and bôs and côs ï  that are moved around in an algebraic equation using 

the proper rules:  

 

      It can be seen that this approach makes no assumptions that the hardware of 

computers and brains are similar, beyond the assumption that both are general 

purpose symbol-manipulating devices, and that the computer can be programmed 

to execute elementary information processes functionally quite like those 

executed by the brain.
12

 

 

      In the book, Newell and Simon described a computer program, General Problem Solver 

(GPS), which could successfully solve problems in three subjects ï logic theorem proving, chess, 

and cryptarithmetic.  An example of the latter type of problem is, DONALD + GERALD = 

ROBERT, where one must find a unique number value (0-9) for each letter, where we are given 

initially only that the letter D has the value 5.  Real human subjects were recorded, with their 

ongoing comments, as they solved these problems ï a verbally expressed thought-trail termed a 

ñprotocol.ò The protocols of the human subjects and the steps they took towards a solution were 

ñcomparedò with the ñprotocolò of the steps the computer took, and the authors claimed 
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reasonable similarities.  That the two ñprotocolsò with  their rather vague similarities might 

represent two completely different underlying processes or forms of thinking ñdevicesò wasnôt 

much worried about. This very loose form of ñscientificò comparison still carries on today, both 

with this form of AI, with the neural network models, and ultimately with process models of 

building software that software companies, like the software company I once worked for, came to 

advocate.    

 

         In essence, the solution method of GPS was the exact form of what would eventually 

become ñexpert systems.ò   Paul Johnson was extremely impressed.  Along with his psychology 

doctorate, he had a masters degree in physics, and as his research assistant, I had been helping 

him do experiments on physics students, attempting to model the structure of their knowledge of 

physics concepts.  Newell and Simon gave a new, concrete approach to modeling knowledge.  I 

even played for awhile with constructing one of these ñexpert systemsò to solve elementary 

physics problems.  The program would be given as input a language-based statement of the 

problem, for example: ñThe truck traveled for one hour at 10 miles/hour.  How far did it go?ò  

But handling all the possible variants of even this simple problem, I soon saw, was a lost cause. 

This requires knowledge of the physical world, in fact, a form of knowledge that computer 

modelers ultimately began to call ñcommonsense knowledgeò and which, for deeper reasons we 

shall see, they have all but given up on today.     

    

       Other works like Newell and Simonôs  were appearing or had already, for example, MIT 

theorist Marvin Minskyôs collection of computer programs which solved problems ranging from 

geometry proofs to rudimentary ñlanguage comprehension.ò  B. F. Skinner, his rats and his 

Skinner boxes were being swept aside.  The new model of the brain, leaping into the pent up 

vacuum created by Skinner,  for Skinner had no model in actuality, was that the brain was in 

essence a digital computer ï a symbol manipulation 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 dictations 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 back, as Phaedrus 

saw, to Plato.  The achievement of all this, given we now had an absolute lock on a device to 

implement this long held, implicit conception of the nature of mind and intelligence,  was thought 

by its proponents to be very, very imminent, i.e., it should have happened thirty years ago.  

 

Enter Bob Shaw  

 

       In this year, I 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 

theorists in perception at the time, yes, in the problem of vision.   Gibsonôs theory is still very 

influential and will play a large role in the discussion to come. Bob would later found The 

Journal of Ecological Psychology ï the academic journal for the Gibson school of perception 

theory.  At Cornell (where Gibson taught), Bob had been a post-doc 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, largely keying off Feigenbaumôs book, Computers and Thought, we went 

through a large array of computer models at the time which dealt with  some aspect of mind, be it 

logic problem solving, language, vision, whatever.  Each was found wanting.  The ñwantò was 

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 be pre-programmed with the 
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advantages the computer modelers were giving themselves.  

 

      What do I mean by  ñgiving away the problem?ò   Consider a problem solved by Newell and 

Simonôs GPS termed the "monkey and the bananas" problem.  The problem states that the 

monkey is in a room with a box, the bananas hanging from the ceiling.  The monkey's problem is 

to grasp the bananas which are out of reach ï a problem solvable by moving the box beneath the 

bananas and climbing up.  GPS, as always, follows a ñmeans-endsò analysis.  The concept behind 

means-ends analysis is simple.  If I want to go to the grocery store (my goal), and currently I am 

in my house (my current state), there are series of ñsub-goalsò I need to achieve.  

 

Á To get to the store, I have to drive the car. 

Á To get to the car, I have to get to the garage. 

Á To get to the garage, I have to get out of  my chair.  

Á To turn on the ignition, I have to put in the key.   

Á To put in the key, I have to have the key in my hand.  

Á And so on.  

 

        So we move to a specified goal by achieving (through various ñmeansò or actions)  a series 

of sub-goals.  In the monkeyôs case the goal is ñbananas in handò and a series of sub-goals are 

given by ñdifferences.ò The relevant differences (defined to the program) are the monkey's place 

(D1), the box's place (D2), the contents of the monkey's hand (D3), and the differences are 

furthermore ordered in degree of difficulty from D3 to D1.  This is what is termed an object 

language ï  a language or symbol set defining the problem environment.  The operators given the 

program are "climb," "walk," "move box," and "get bananas."  The program must 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 creating a proof, namely, a proof 

that we can get from A to B.   It is a proof procedure carried out within a fixed theory of the 

monkeyôs world. 

 

     The object language, then, defines a frame of fixed features in which the solution is carried 

out.  But, as GPS did, giving the monkey ñmove box ò as an operator, i.e., the mobility of the box, 

is equivalent to giving away ï or better, giving away the discernment of ï a fundamental feature 

and thus the solution path to the problem.  Given this ñmobilityò or ñmove boxò as an operator, it 

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

ñdifferencesò and thus get a meal of bananas.  For Gutenberg, the inventor of the printing press, it 

was quite a different story.  In contemplating how to produce books in mass, the ñmobilityò of 

type as an intrinsic feature or operator in the problem of creating a printing device was not at all 

apparent.   This emerged only over analogy: 

 

éWhen you apply to the vellum of paper the seal of your community, everything 

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? 

éOne must strike, cast, make a form 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.  

There is the Bibleé The letters are moveable.  The mobility of the letters is the 

true treasure which I have been searching for along unknown roads. (Letters of 

Gutenberg to Frere Cordilier)
13

 

  

      Gutenberg was defining the features of the world in which he would solve the problem.  He 

was creating the object language.  The features were being defined through analogy ï he was 



                                                                           Chapter I  The Mystical Perception of Coffee Cups 

26 

seeing analogies to seals, to moulds, to stamping coins.  As we start as infants, no less later as 

inventors, the brain is initially confronted with a world in which it must define the features.  It is 

the problem of the definition of features that must be solved.  The computer modelers were 

simply ignoring this, surreptitiously solving the problem, defining features (the object language) 

and then creating a logic system in which the computer could do that which it is capable of doing 

ï manipulating the nicely pre-defined features as symbols.  

 

     The computer modelers, we shall see, are still trying to explain how the brain does analogies 

in this very same way ï by defining fixed features of the world, and then creating a proof 

procedure which ñfinds the analogy.ò  This is diametrically opposite to what is the true case.  

Analogy is the thorn in the side of the computer model of mind.  It was a thorn in the side 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 inadequacy ï the 

computer model of mind is incapable of supporting the method by which the brain defines its 

world.    

  

        Near the end of the seminar, Bob 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 what Shaw had to describe.       

 

Holography 

 

       The "hologram" was discovered by 

the British-Hungarian scientist Dennis 

Gabor in 1947, though its full potential 

waited it seems, on the birth of the laser, 

1963.   Holography is defined as the 

process of wave front reconstruction.  In 

considering one of the several methods of 

constructing a hologram, the principles we 

require for understanding the process are 

simple. Figures 1.3 and 1.4 demonstrate 

both the process of construction and the 

nature of a hologram.  It can be seen from 

Figure 1.3 that a hologram is essentially the 

record of the interference pattern of two light waves.  We 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 waves meet, the waves will reinforce each other, making a yet higher, more intense 

wave. This is termed ñconstructive interferenceò (++).  Where the troughs of two waves meet, we 

get a wave with yet a lower trough. This is also ñconstructive interferenceñ but noted (--). Where 

the crest of one wave meets the trough of another, they cancel out, leaving  ñflatò water. This is 

ñdestructive interferenceò or (+-).  In terms of light, these cases become more intense light areas 

on the photographic emulsion or plate (crest meets crest), or less intense areas (trough meets 

trough), or just neutral (trough meets crest).  This pattern of wave interaction across the area 

where the two wave sets meet is our interference pattern.   

                    

      One of these two waves is termed the reference wave.  It is usually emitted from a source 

such as a laser (as designated in Figure 1.3) which provides our very ñcoherentò form of light.  

Coherence refers to the purity of frequency.  A light wave containing only a single frequency of 

light is perfectly coherent.   The other wave, the object wave, arises from light reflected off the 

object of which we intend to make a hologram.               

Figure 1.3 Holographic Construction 
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          Once we have recorded the interference pattern by exposing the plate to the two waves, 

then we can beam another wave through the plate.  This wave, beamed through at a later time, is 

termed a reconstructive wave.  It 

is a wave of the same frequency 

as the reference wave.  When it is 

beamed through the photographic 

emulsion containing the 

interference pattern of the two 

waves, the original wave front is 

reconstructed (Figure 1.4, left).  

The reconstructive wave is 

diffracted as it passes through the 

plate, analogous to that which 

happens to water waves as they 

flow through a line of barriers 

and bend around them, though in 

this case the "barriers" are the 

points of constructive (++) or (--) 

and destructive (+-) interference.   

Figure 1.4 shows that one set of 

waves travels downwards while 

yet another set passes right 

through with no deviation.  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 behind the 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 termed the virtual image.   

 

        There are two major properties of holograms we should note.  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 ball, each point of the ball, for example, 

gave rise to little spherical wave that expanded as it traveled towards the hologram plate, 

ultimately covering the entire plate.  Thus we can consider the information for each point on the 

ball to be spread over the entire hologram. This implies, conversely, that the information for the 

entire object is found at any point in the hologram.  In fact, we can take a small corner or 

"window" of the hologram of the pyramid/ball scene in Figure 1.3 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 the frequency value of 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 f1, f2, f3, and f4 respectively.  By modulating the reconstructive 

wave, i.e., changing its frequency appropriately from frequency f1 through f4, we could 

reconstruct the successive wave fronts which originated from each object (Figure 1.4, 

left/right).  The degree of resolution of image separation is a function of the coherence of the 

reference and reconstructive 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, 

Figure 1.4.  Holographic reconstruction.  The reconstructive 

wave, modulated to frequency 1, reconstructs the stored 

wave front (image) of a pyramid/ball. The reconstructive 

wave, modulated to frequency 2, now reconstructs the wave 

front of the cup. 
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however, we were to illuminate the plate with a diffuse, non-coherent wave, we would 

reconstruct a composite image of all the recorded scenes.  

 

       Intrigued by these memory-like capabilities, the neuroscientist, Karl Pribram, had made 

arguments already in 1971 (Languages of the Brain) that the brain itself is a hologram.  He 

postulated 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 world, as though, 

somehow, a wave is pulsing through the hologram of the brain, and reconstructing an image of 

the external coffee cup.   The difficulty here is that if the light-wave information from the table 

and its coffee cup strikes the retina and is changed to a neural wave form and stored in the brain, 

then we need a light wave serving as the reconstructive wave passing through the brain to get the 

information ñback outsideò again in order to reconstruct the wave fronts of the table and cup.  

Even if such a process could work, and it canôt, there is no such light wave, passing through the 

brain, to be found.  

 

      Pribramôs conjecture was mostly ignored in the computer-entranced circles of cognitive 

psychology, but it was in the background of Shawôs thoughts.   I should note that Karl came to 

Minnesota to give a lecture around this time and had conversations with Bob.  Bobôs concepts, as 

Iôm about to describe, had to subsequently lurk in Karlôs mind.  

  

The Brain as Reconstructive Wave 

 

       Concluding his discussion of holography, Bob proceeded to drop his bomb.  Isnôt it possible, 

he wondered, that the universe is itself a hologram?   As such, the hologram would not so much 

be ñin the headò as Pribram was speculating, but rather, the head would be ñin the hologram.ò 

 

        As Shawôs discourse progressed, Bergsonôs second koan became clear. Bergson, writing in 

1896, had already anticipated the abstract essence of Gaborôs discovery.  This is what he meant 

by ñthe photographédeveloped in the very heart of things and at all points of space.ò   At every 

ñpoint in spaceò in a hologram is the information for the whole.  Indeed, I would see later, he had 

anticipated the fall of classical physics twenty years later.   Louis de Broglie, one of the founders 

of quantum wave mechanics, would consider Bergsonôs philosophy of matter as setting the tone, 

the basic philosophical Zeitgeist, for his own discoveries.
14

   It was no wonder that Bergsonôs 

contemporaries found his theory elusive in 1896.  Bergson visualized the universal field of matter 

as a vast field of ñreal actions.ò Any given "object" acts upon all other objects in the field, and is 

in turn acted upon by all other objects.  It 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 termed real actions propagated 

throughout the immensity of the entire universe.
15

   

 

       What Bergson was arguing, in his vision of a vast field of ñreal actions,ò was that, indeed, the 

matter-field ï the universe ï is holographic, a vast, ever changing, dynamic interference pattern, 

in fact, given its transformation over time, a four-dimensional hologram.
16

  Indeed, in 1980, the 

physicist, David Bohm, would first introduce the idea in physics that the universe (what I like to 

term the field of matter or the ñmatter-fieldò) is holographic.  He termed it the ñholofield.ò Since 

then, physics has come to rather routinely view the matter-field as forming a vast, dynamic 

interference pattern, i.e., a hologram.
17

  

 

      Let us consider an intuitive model of this hologram on a universal scale. Visualize the 
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universe as a vast fluid.  Then imagine each little point or 

tiny fluid-particle in the fluid as a ñvibratorò giving off a 

spherical, rippling wave that expands throughout the 

entire fluid (Figure 1.5).  These waves are Bergsonôs 

ñreal actionsò propagating throughout this universal 

fluid-sea. Each little vibrating point influences all other 

points in the fluid with its spherical, spreading waves.  

Simultaneously, each individual point is being influenced 

by the spherical waves from every other point.  The 

ñstateò of each little vibrating point reflects the whole.  

As the Greek, mystical philosopher, Plotinus once said of 

his vision of reality, ñThere each part always proceeds 

from the whole, and is at the same time each part and the 

whole.ò  This system of waves expanding everywhere, 

from every point, becomes a vast, dynamic, ever 

changing interference pattern of waves ï a holographic field.   To capture this dynamism, Bohm 

(The Implicate Order) would later call it the ñholomovement.ò
18

 

                                      

        After Shawôs talk, I wandered through the rooms and corridors of the psychology building in 

a strange state.  I was within a vast Hologram.  The walls, the floors, the fine grain of the wooden 

doors seemed to gleam with a crystalline glow, pulsating just a little.  But there were many 

theoretical difficulties to face.  If the matter-field is holographic, how does this help solve the 

problem of vision?  Bergson, I knew,  had gone immediately beyond Pribramôs difficulty where 

there is some form of reconstructive wave passing internally through the brain ï a wave 

impossible to find.  Following hard upon the passage concerning the ñphotographé at all points 

in space,ò Bergson stated the following:   

 

     Only if when we consider any other given place in the 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.  Our "zones of 

indetermination" [organisms] play in some sort the part of that screen.  They add 

nothing to what is there; they effect merely this:  That the real action passes 

through, the virtual action remains.
19

  

            

         In essence, Bergson was arguing, with Shaw, that the brain is the reconstructive wave ñ  

The brain, seen as itself a very concrete wave, is ñpassing throughò this holographic field, and 

specifying the external image of a portion of this field ï say, our coffee cup.  Just as we saw that a 

reconstructive wave of a certain frequency, passing through the interference pattern on a 

hologram plate, decodes or picks out a certain wave front to specify, say, a pyramid/ball vs. a cup,  

so the portion of the matter-field that the brain-supported reconstructive wave picks out is a 

portion related to the bodyôs action.  Thus, perception, as Bergson was saying, is virtual action.   

We are seeing how we can act.  

 

      The brain, then, is a decoder. Rather than encoding the external world within, in 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 matter-field unpacks an action-relevant set of the mass of 

information (or real actions) in this field, specifying it as an image, be it a cup, a buzzing fly or a 

stirring spoon.       

 

      The concept that the brain might be a very concrete form of wave may seem surprising.  

Figure 1.5. A mini-universe of six 

vibrating points in a fluid. Each point 

influences all the others with its 

radiating, spherical wave 
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Nevertheless, there are many things in current neuroscience that point to this possibility.  The 

visual processing areas of the cortex, V1, V2, V3, V4 and V5 are all interconnected and feed 

information forwards and backwards to each other, creating a system ñresonatingò with feedback.  

V1 for example, which processes the initial flow of information received by the eye, feeds 

information to V5 which processes information related to motion, while V5 in turn sends 

information back to V1, modulating V1ôs own processing of incoming information.   All these 

areas connect to the motor areas of the brain which control action, and the motor areas in turn 

feedback to the visual areas, modulating in turn  visual processing.  There are other wave-like 

ñoscillationsò in cells or areas of the brain (for example 40 hz gamma oscillations) that are 

believed now to be phase-locked in a form of synchrony across the brain.   

 

     These oscillations and the resonating feedback are abstract waves.  For our reconstructive 

wave, we need a very concrete wave, as concrete as the field of force generated by an AC motor.  

The fact is, all the ñcomputationsò that computer modelers believe are occurring across the 

resonating feedback among the various processing areas noted above must be part of, in their 

ultimate effect, a very concrete, reconstructive wave.  

 

     This makes the brain, obviously, a very different type of ñdevice,ò very different from a 

computer or from a neural network being used for computations.   The computer or network is 

only interested in achieving its abstract computations ï its symbol manipulations as Newell and 

Simon insisted.  As long as these can be achieved, whether on the beads of an abacus, on a 

computer with transistors, on a computer with vacuum tubes, whatever, achieving this symbol 

manipulation is all that is important.  But the brain is in truth creating a very concrete waveform 

within the holographic field, for achieving modulations within that field.  It is this real dynamics 

that is all important, as important as the dynamics that must be achieved in an AC motor.  One 

does not build an AC motor out of plastics, or rubber bands, or mud, or beads.  There is a real 

dynamics that must be achieved to create the electro-magnetic fields.  This is equally true of the 

brain.    

 

The Information for Specifying Events 

 

      A reconstructive wave passing through a hologram specifies a certain image or wave front 

depending on its frequency pattern ï on how it is modulated.  It might specify a pyramid-and-ball, 

or it might specify the cup (as in Figure 1.4).  What 

drives the particular pattern of modulation of the 

brainôs reconstructive wave?   This is where we 

need to bring in Shawôs mentor, J. J. Gibson. 

 

      Gibson (The Perception of the Visual World, 

1950) saw that the surrounding environment 

contained a great deal of mathematical information 

useful to the brain.  The information specifies the 

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

body can act upon them.  One such piece of 

information is what he termed the optical flow field 

(Figure 1.6).  We see a flowing field like this 

routinely when we drive down the road in our car.   

The arrows in the diagram are ñvelocity vectors.ò  The longer the arrow, the greater the speed of 

that portion of the field 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 a still-point at the origin of the field, up in the 

distance, called the ñpoint of optical expansion.ò  It is near the beginning of the mountains in the 

Figure 1.6.  Optical flow field with its 

gradient of velocity vectors.   
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figure.  This entire set or array of velocity vectors (arrows) flowing by is called a ñgradient,ò as a 

gradient changes gradually.  In this case it is gradually changing in terms of the values of 

velocities, from zero to ever larger.   This gradient happens to have a precise mathematical ratio ï 

information useful to the brain.  The velocity value of each vector is inversely proportional to the 

square of the distance from the eye.                      

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

boy while riding on the cabooses of freight trains, on which it 

appears, he was in the habit of catching a ride.  Of course, 

while riding a caboose, the fields are flowing away from the 

observer, and thus contracting towards a point, not outwards 

and away from a point.   The actual surface of such a flowing 

field is also highly structured.   We might be walking across 

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

grains of sand, or a prairie with its grass,  or across our 

kitchen floor with its tiles.  These surfaces have what Gibson 

termed a texture gradient (Figure 1.7).  Imagine the surface 

of Figure 1.7 as a rocky or gravel surface.  The little circles 

(rocks in this case) are the ñtexture elements.ò  The size of 

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 ubiquitous ï floors, beaches, lake 

surfaces, tiles, etc.  Turn the gradients upside down ï you see them as ceilings or the bottom of 

clouds.                                       

 

           The mathematical relations or information of 

these gradients are preserved on the retina by the natural 

projection into the eye (Figure 1.8).  Note in Figure 1.8 

how the distances along the ground line (G1G2) are 

preserved when projected into the retina.  The distance 

relations on the ground (W to X, X to Y, Y to Z) are 

preserved on the retina, but in reverse order.  In fact, 

before Gibson, the problem of how we determine the 

distance of some object had been rather mysterious.  

Bishop Berkeley, an influential philosopher on the 

subject in the 1700ôs,  had framed the problem in terms 

of the line ABCD in Figure 1.8.  In this case nothing 

varies on the retina as the eye moves forward, for each 

point A, B, C, or D projects to exactly the same retinal point!                                                          

 

          Gibson argued that these gradients naturally ñspecifyò distance, in fact, specifying the 

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 motor areas all ñresonateò with feedback from each other.  This is a post-Gibson 

discovery of neuroscience, yet at the time, Gibson felt the brain simply ñresonatedò to this 

information.  There is no picture or image or photograph developed in the brain.  The brain 

ñspecifiesò the external environment.  Note the use of the term ñspecifies.ò  We have seen it used 

in the holographic context, for the reconstructive wave ñspecifiesò the image.  Gibson never 

explained the origin of the image of the environment.  Effectively, he was presuming Bergsonôs 

holographic field.  It is Gibsonôs ñresonantò information that is modulating the reconstructive  

Figure 1.7. Texture density 

gradient (after Gibson, 1950)  

Figure 1.8. The ñGroundò 
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wave. 

 

         Let us place an object on our gradient.  Weôll imagine 

a coffee cup resting on the surface of a tiled table or 

patterned table cloth (Figure 1.9).  In Figure 1.9, I want you 

to imagine that we have the same cup moving to two 

different positions ï from back to front.  The forward, 

larger view of the cup only occludes (or covers) two rows 

of (largish) texture units.  The rear, smaller view of the cup 

occludes several layers or rows of smaller texture units.   In 

fact, as the rear cup is moved to the forward position, here 

is preserved a constant, inverse ratio of the size of the cup 

to the number of texture units occluded.  As the size 

(height) of the cup grows, the number of layers of units it 

hides decreases.
20

  

                       

    This is what is termed an invariance law.  The ratio of cup height to texture units is an 

invariant ï a ratio that does not change.     It is this invariant that specifies the size constancy of 

the cup.  The event of a cup moving towards us from one position to another is always 

experienced as a cup of the same size moving across the table ï despite the growing size of the 

cup per se on the retina as the cup approaches.  It is this invariant ratio that the brain is picking up 

that enables it, as a reconstructive wave, to ñspecifyò that there is a cup of constant size moving 

across the table.  

 

     My first introduction to invariance laws was through a doctoral thesis, ñOn the Structure of  

Laws of Invariance,ò by Dr. Larry Victor.  Larry had a PhD in physics and just before my time 

had written his thesis for his PhD in educational psychology under my advisor, Paul E. Johnson. 

In the introduction to the thesis, he also acknowledged one, ñProfessor Cannabis,ò as a source of 

inspiration. As a physicist, he appreciated the significance of invariance laws, as these are 

precisely what physics attempts to discern in the physical world. Larry was trying to describe a 

general framework in the education system which would support a childôs perception of the laws 

of invariance in any subject.  Perhaps due to my lack of acquaintance with Professor Cannabis, 

the thesis was obscure to me, but we shall see that it all eventually became 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 universe.  Newtonôs F=ma and 

Einsteinôs E=mc
2
 are invariance 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 

brain-supported reconstructive wave.  This is particularly crucial as we deal with time.  This will 

be our subject for the next chapter.   

 

          What we have seen thus far is that the matter-field can be viewed as a hologram of cosmic 

scale.  The brain in turn can be viewed as a reconstructive wave passing through this holographic 

matter-field, and specifying an image of the field, or better, a portion of this field.  The image, 

Figure 1.9. Texture density 

gradient (or tabletop) with a cup 

in two different positions. 
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say, of the cup, is precisely where it says it is ï external, in the field. This is termed direct 

perception.  The modulation of this reconstructive wave is driven by the mathematical 

(invariance) information of the external events which are occurring in this dynamically changing, 

external field.   There is much we have not filled in.  I will list them. 

 

        Firstly, the events of the matter-field have long since come and gone by the time the 

information is processed in the various areas of the brain with their ñresonantò feedback.  A 

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 brain is always specifying 

the past.  More precisely, the reconstructive wave is specifying a past motion or transformation of 

the matter-field, in this case, that portion of the field which is (was) the buzzing fly.  How is 

specification of the past possible?  How can we be looking at a past motion of the field? 

 

       Secondly, we must ask, who is looking at 

this (past) image?   We hope our answer is not, 

ña little man seated in a control room in the 

brain.ò  If it is our answer, we can expect 

Bassui to rush from Nirvana, crack us soundly 

about the shoulders with his kyosaku and 

command us to redouble our efforts in zazen 

(zen meditation).  ñConcentrate on your koan,ò 

he would say, ñWho is it that sees?  You are 

yet clueless!ò  Though this ñlittle man in the 

control roomò happens to be an image 

presented in PBS specials adoringly recounting 

the achievements of our current neuroscience 

of vision, it is an answer we must avoid.  It is 

called the problem of the homunculus 

(precisely, ñlittle manò).  It is an infinite regress ï for we now need, like the Oegstgeest display,  

a second little man inside the first little manôs brain, ad infinitum.   This was the implicit 

difficulty with Pribramôs proposals where an image is somehow projected externally from a 

hologram-like brain.  But who now looks at the image?  We would  now need a theory of an 

ñimage processor.ò  To put the problem equivalently, we must remove the ñviewerò in our picture 

of holographic reconstruction (Figure 1.10). In essence, we have yet to understand how the 

relation of subject and object is in terms of time, not space.                                              

 

      Thirdly, we must address the ñqualiaò  problem, the origin of the qualities of our experience ï 

the ñbluenessò of the lake, the ñrustlingò of the leaves.    This ñhard problemò  is only a 

formulation of aspects of the problem of the origin of the image of the external world.   The 

problem of the origin of the image of the world has been pondered since the Greeks.
21

  But even 

this history of thought in the problem of perception and its image of the world seems to have been 

forgotten by modern philosophy.  The image clearly has qualities of color.   But the changing  

forms composing the image, be it ñbuzzingò flies, ñrotatingò cubes  or ñrustlingò leaves also have 

unique qualities, ignored by philosophy.   Ignoring the coding problem yet involved, as we have 

seen, forms (thus objects having form) are thought ñcomputableò and thus capable of machine 

vision. This is a distortion based on an incorrect conception of time ï a conception corrected long 

ago by Bergson.  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 implications of Bergsonôs principle that perception is ñvirtual 

action.ò I have given this short shrift here.  We  have yet to see how Gibsonôs ñinvariantsò are 

Figure 1.10.  No homunculus allowed. 
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used by or ñget intoò the action systems of the body and brain.  There are profound implications 

in this, implications unto the possibility of action in altered time.  

 

      It is to these questions that we will turn next. 

 

Where We Are Going 

 

      I have swept us up into the problem of perception.  What we have seen is  that to explain 

perception,  our model of the brain, which I have just begun to paint,  must be vastly, profoundly 

different from the computer model of mind.  The story is actually far worse yet for the computer 

models, and I will put the finishing touches on the perception aspect of things in the next chapter.   

What we have seen and will see even more is that perception, which is to say, our experience, is 

not occurring solely within the brain!  If experience is not occurring solely within the brain, then 

it cannot be solely stored in the brain.  Contrary to what is to all practical purposes a dogma, the 

brain cannot be the storehouse of experience.  This means that there  must be an entirely different 

model of memory ï far different than the ñstorage-in-the brainò model that the computer or neural 

network models presume.   Yet thought (or 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 beings, are far from computer-like robots creating widgets, whether it be 

software widgets as in my own former workplace, or dress designs, or electronic switches, etc.    

In fact, we shall see, the computer model has absolutely no clue how we create widgets.  Also in 

fact, evolutionary biology is similarly clueless as to  how the universe creates widgets, be the 

widgets butterflies, walruses or brontosauri. We shall see that the mist of the robotic image of 

man that we have all been breathing in, and implicitly infusing in us views on the nature of mind 

and brain and man, is saturated with falsehood.   
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Time: The Mystical Perception of Stirring Spoons 

 

 

     I 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. 

       - Sono-o, Zen Master, 1688-1703.   

 

       For where is the borderline between perceiving and remembering? éWhere 

do percepts stop and begin to be memories, or, in another way of putting it, go 

into storage?  The facts of memory are supposed to be well understood, but these 

questions cannot be answered.  

                                        -  J. J. Gibson
1
 

  

 

 

The Wobbly Cube 

 

        How do we see the past?  How is this even possible?  I 

begin with a simple demonstration of the importance of this 

question, and therefore, of the importance of the relation of 

the brain to time.  Bob Shaw, who deeply appreciated the 

problem of time, presented the demonstration to his little 

seminar in the 1970ôs.  It involves a cube constructed of 

wire edges and rotating at a certain speed.  As the cube is 

rotating, it is strobed periodically with a strobe light.       

        A cube, as it rotates, has what is termed a ñsymmetry 

period.ò  In the case of a cube, it is a period of four, for the 

cube is completely carried into itself or ñmapped ontoò itself 

every 90 degree turn as it revolves.  An equilateral triangle 

would have a period of three, being carried into itself every 

120 degrees. The form of the cube is unchanged or invariant after every 90 degree turn.  The form 

of the triangle is unchanged or invariant after every 120 degree turn.  Symmetry, it should be 

understood, is simply another word for invariance.  

      How the strobe relates to the cubeôs symmetry period 

is critical. The strobe can be in phase with the symmetry 

period or at an integral multiple of the period.  For 

example the cube can be strobed 4 or 8 or 12 times per 

complete revolution  (4 times/revolution = 1 x 4 or a 

multiple of 1,  or 8 times/revolution =  2 x 4 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 cube 

in rotation (Figure 2.1).  But if the strobe is out-of-phase, 

not at an integral multiple, for example, 9 times a 

complete revolution, the ñcube-nessò is gone.  What is 

perceived is a distorted, wobbly, non-rigid, plastic-like 

object.  The standard ñfeaturesò of a cube ï the straight 

edges, the sharp vertices, the rigidity ï are gone.
2 
                                                   

Figure 2.1.  Rotating cubes, 

strobed in phase with, or out of 

phase with, the symmetry period. 

 

Figure 2.2.  Both "objects" have the 

same features, and therefore would be 

"recognized" on the basis of a feature 

match. 
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       The ñfeaturesò of a cube ï its edges and vertices ï are normally held to be intrinsic to the 

object.   An example of this thinking can be seen in a neural network model 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 features ï edges, vertices ï the features can be reassembled in many ways that 

still ñmatchò (Figure 2.2).  Whatôs missing is the nice picture on 

the top of the puzzle box that allows the brain to put the pieces 

together in the right way.   JIM proposed just such a picture, and 

it came in the form of elementary forms termed ñgeons.ò
3
  

Examples of a geon are a wedge, a brick, a cone.  The JIM neural 

network linked the features to a ñgeon cell,ò preserving the 

spatial relations, and supporting recognition of the object.  

 

        This is a static conception of form.  It collapses in the face 

of Shawôs demonstration.  Each strobe of the cube in rotation is 

equivalent to a snapshot of the cube. In the snapshot should be 

the information for the vertices and edges of the cube.  With 

each snapshot, the network would transmit this information to the geon cell, and the brain would 

perceive a cube.  But Shawôs demonstration shows that there is no such information in a snapshot.  

As far as the brain is concerned, there is not enough 

information in a snapshot for a cube.  This is because, we 

shall see, to the brain, there is no such thing as a 

ñsnapshot.ò  The concept of a snapshot is based in a 

complete misconception of time.  

                               

       What is so important about time to the brain, or 

about information over time?   We return to flow fields. 

The flag of Figure 2.3 is rigid and stiff, and it is rotating 

towards us.   As the flag rotates, there is a flow field over 

the surface of 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 ñGibsonianò cube would be a partitioned set of these flow fields (Figure 

2.4), with flow fields for each side and on  the top.   As a side 

of the cube rotates towards us, the flow field expands.  As the 

side rotates away, the flow field contracts.  The top surface of 

the cube is a revolving or ñradialò flow field.  

                                                             

        What are the ñedgesò or ñverticesò of a Gibsonian cube?  

They are merely sharp discontinuities at the junctures of these 

flows.  In vision, the ñfeaturesò of objects are very much 

creatures of time and of these flows.  Even for a static, 

stationary cube, the eye is actually in constant motion, darting 

over the cube, picking up information over its own, eye-created, 

flow.     

 

        Current perception theory relies deeply on these flowing 

velocity fields to explain how the brain specifies form.  Since 

the fields are moving, there are two uncertainties introduced, 

making the whole process very probabilistic, very much 

guesswork for the brain.  The first source of uncertainty is 

termed the ñapertureò problem.  The eye has a set of little receptive fields mapping into the brain, 

Figure 2.3.  The flow as a flag 

rotates towards the observer. 

Figure 2.4. The Gibsonian Cube 

Figure 2.5.  The aperture 

problem. The card with the 

grating is moving to the right, 

and passes beneath the card 

with a circular aperture.  Only a 

downward motion of the lines 

(and the velocity of this 

motion), and not the rightward,  

is seen in the aperture. 
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but each of these fields is limited ï an aperture ï 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.  Figure 2.5 shows the problem.  The card with the lines is moving to the right, so 

the card and its lines actually has a horizontal 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 uncertainty in measuring the actual velocity of the lines.   

 

      The second source of uncertainty, as we shall explore 

later, is simply that no velocity can be instantaneously 

fixed in the first place due to the very nature of motion.  

The brain must do the best it can to specify form.  All 

form is an optimal specification based on the best 

information available.  Another example of this is 

Mussatiôs illusion (Figure 2.6) where we have a rotating 

ellipse. Each point on its perimeter can be conceived as 

following a path, or vector, with a certain velocity (the 

little arrows in the figure).  At a high enough velocity of 

rotation, the ellipse also becomes a non-rigid, wobbly 

figure.  As perception theorists, Weiss, Simoncelli and 

Adelman, argued in their foundational work on this 

model, even ñillusions,ò for example, our wobbly cube, 

are optimal specifications.
4
                                                 

.   

      The existence of illusions has been an argument for the concept that all perceptions are ñin the 

brain,ò that perception is only indirect, that we are not actually seeing 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 transformations 

of the external matter-field ï given the best available information.  The object/form is right where 

it says it is ï in the external field.  As an analogy, an imprecise reconstructive wave, comprised of 

components of frequency 1 and frequency 2, might ñselectò and specify from the information in 

the hologram plate  a composite, blurred image of both the pyramid-ball and the cup of Figure 

1.4.  This is actually an optimal specification too.  This does not mean that the composite image is 

an ñillusionò just because, from a Godôs-eye point of view, we know that a pure f1 would produce 

a pyramid-ball, or a pure f2 would produce a cup.  The composite image is also and equally 

legitimately available from the information in the hologram.   

 

     The eye jumps to various points in the scene (or on the cube) in movements called saccades. 

During each jump, in the transition to the next point, it takes in no information, yet the world,  

with its rotating cube in front of us, does not shut off and on intermittently with each saccade.  

How, says the argument for indirect perception, could we be still be looking at the actual cube? 

So, the indirect position holds, the cube must be only an ñinternalò image; we do not see the real 

cube, external to us, in space.   But the brain-as-reconstructive wave does not cease during a 

saccade; it continues to specify the rotating cube ï right 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 forms.  This is the scale of time.  The ñbuzzingò fly is an index of 

our scale of time. Why does the buzzing fly , as we see him in our normal world, not look like a 

heron, slowly flapping his wings?   Or perhaps like a nearly motionless fly, whose liquid 

Figure 2.6.  A rotating ellipse comes 

a non-rigid figure at sufficient 

velocity of rotation.  The velocity 

vectors (on the rim) tend to induce 

this non-rigidity.  
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crystalline biological structure we can almost see vibrating?  The brain is imposing a scale of time 

upon the matter-field and the 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 ñlevels,ò the biological brain is a coherent system ï a change in one level changes the 

whole.  If we focus on one level, namely the chemical, we see that underlying the neural 

processes of the brain are chemical flows and these flows have a velocity. There is, in other 

words, an underlying set of chemical velocities.  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 we to introduce the 

appropriate catalysts or set of catalysts such that all chemical velocities are increased? 

 

      Before we introduce our catalysts into the brain, let us take 

a cube that is rotating slowly, and gradually increase the speed 

of rotation.  The cube will transition through a series of forms 

with increasing numbers of ñserratedò edges as in Figure 2.7.  

We have started from a figure of four-fold symmetry (period = 

4), and transitioned through figures of 4n-fold symmetry ï 8, 

12, 16, etc., (as n increases from 2, 3, 4é).   At a high enough 

rotation speed, we eventually perceive a cylinder surrounded 

by a fuzzy haze (a cylinder/circle is a figure of infinite 

symmetry).  With our cube in this spinning, fuzzy cylinder 

form, let us now gradually increase the chemical velocities of 

the brain via our catalysts. We would expect to see the 

spinning cube transition in the reverse order of Figure 2.7, 

through figures of (decreasing) 4n-fold symmetry (24, 20, 16, 

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

again perceiving a cube rotating slowly.   Were we simultaneously watching a ñbuzzingò fly, its 

wings would gradually slow until, perhaps, it is perceived as ñheron-like,ò slowly flapping his 

wings   We have changed the time-scale of our perceptual world.  We have also gradually 

changed the ñqualityò of both the cube and the fly.  

 

      We have now entered a realm analogous to the changing ñspace-time partitionsò of Special 

Relativity.   In relativity, as one observer (perhaps in a rocket) moves at increasingly higher 

velocity relative to another who is stationary, the rocket-observerôs distance and time units 

change.  That is, his space-time partition changes.  It is only invariance laws that hold across 

these partitions.  With an adjustment of space units and time units,  the law d=vt (distance = 

velocity x time) holds in the space-time partitions of both observers.  Invariance laws are the only 

realities of Einsteinôs universe.  The invariance law, in our spinning cube case, is a figure of 4n-

fold symmetry in every perceptual space-time partition as the brainôs chemical velocities change.  

This is the deeper significance of Gibsonôs insistence on invariance laws.  The perceptual ñspace-

time partition,ò as we have just seen, is also capable of being variable due to changes in chemical 

velocities.  If it is possible in principle, we must assume nature has allowed for it, and in so 

doing, nature must rely on invariance laws to specify events.   The frog watching a barely moving 

fly the frog is about to zap effortlessly with his tongue, the chameleon about to do the same, the 

chipmunk scurrying by, each with much higher metabolisms ï all 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 two observers, Mr. A and Mr. B, sitting side by side.  Both are watching a buzzing fly.  

Figure 2.7. Successive 

transformations of the rotating 

cube (2-D view) through figures 

of 4n-fold symmetry as angular 

velocity increases. 
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In Mr. B, however, we have introduced our catalysts, increasing the chemical velocity of his 

neural processes.  For both A and B, the razorôs edge of the ñpresentò instant of the dynamically 

changing matter-field we call the universe, is the same.  Mr. A, in our normal space-time 

partition, sees the usual ñbuzzingò fly, where two hundred or so wing-beats/second have been 

resolved into a blur.   Mr. B, with process velocity increased, sees a fly barely flapping his wings.  

What Mr. A sees as ñpresentò ï hundreds of wing beats collapsed as a blur ï  is vastly in the past 

for Mr. B who may be focused on the very last wing beat of the whole set comprising Aôs ñblur.ò 

Have all these preceding wing-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 ñenergy stateò), to its logical endpoint.  We left Mr. B with the fly barely 

flapping his wings.  Continue raising Bôs energy state.  (We shall ignore limitations of physics 

that occur eventually at some point.) The fly becomes immobile, then is perceived in its liquid 

crystalline, vibrating structure, then becomes an ensemble of electrons whirling, then spinning 

quarks, etc.  Finally we arrive at what I would term the ñnull scaleò ï the smallest imaginable 

scale of time.  This scale looks nothing like our normal world.  At this null scale, Mr. B and the 

fly are simply ñphasesò in the same, vast, dynamically changing field. We shall need to briefly 

return to the null scale later.    

 

The Relativity of Virtual Action  

 

         In Bergsonôs succinct phrase, perception is virtual action.   So he would begin his argument 

in Matter and Memory:   

   

[Objects] send back, then, to my body, 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 them. 
5
 

   

     One must reflect a moment on the meaning 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 represent spatial manipulations by the body with each, from forks, to lamps, to 

books, to tables, etc.  The possible action provides a form of selection mechanism relative to the 

vast field of matter in which the body is embedded.  We must recall that Bergson visualized the 

universal field of matter as a vast field of ñreal actions.ò Any given "object" acts upon all other 

objects in the field, and is in turn acted upon by all other objects.  It 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 termed real actions propagated 

throughout the immensity of the entire universe.
6
 

 

         As Bergson argued, for all organisms in this field and their perception, òéthe real action 

passes through, the virtual action remains.ò
7
  If the brain is a reconstructive wave passing through 

this holographic matter-field, there must be this principle of selection from the vast amount of 

information, the real actions, in the ñhologram,ò ultimately for the modulation of this 

reconstructive wave.    

 

       We saw earlier that the visual areas of the brain, V1 thru V5, are interconnected, modulating 

each otherôs processing (ñre-entrantò) and themselves modulated 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 the perceived 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 grown.
8
  But the implications are 

more radical than currently understood.  

 

        There is a ratio, known as tau, that exists over flow fields.  For 

the record only, it is defined by taking the ratio of the surface (or 

angular projection) of the field at the retina, r(t), to its velocity of 

expansion at the retina, v(t), and its time derivative.  For a bird 

coming in for a landing, this value specifies the severity of impact, 

and the bird can use it to modify his flight and create a soft landing.  

For a pilot, it is essential in landing a plane (Figure 2.8). As the 

coffee cup is moved over the table towards us, this tau value 

specifies time to contact and provides information for modulating 

the hand to grasp the cup.  Tau is an example of the ñinformation in 

the lightò that must be utilized by the action systems of the brain to 

specify possible (virtual) action.                                     

 

        Earlier we considered the effects of introducing a catalyst into the chemical makeup of the 

body/brain dynamics, with effects on the perceptual ñspace-time partition.ò   In the possibility of 

the fly becoming a heron-like fly, slowly its flapping wings, we already previewed the relativistic 

aspect of this principle. The fly is always presented to us at a certain scale of time.  Let us 

complete the implications, for the time-scaling of the external image is not a merely subjective 

phenomenon ï it is objective, and has objective consequences realizable in action.  

 

       Let us picture a cat viewing a mouse 

traveling across the catôs visual field 

(Figure 2.9).  As we have seen, there is a 

complex, Gibsonian structure projected 

upon the catôs retina.  There is the texture 

density gradient over the surface between 

mouse and cat.  The size constancy of the 

mouse as it moves is specified by the 

constant ratio of texture units it occludes, 

while the tau value is specifying the 

impending time to contact with the mouse, 

with its critical role in controlling action.  

All this and much more is implicitly 

defined in the brainôs ñresonatingò visual 

and motor areas.   How is the information 

related to action we must first ask? 
                                     

       Michael Turvey, a great theorist of 

perception and motor action, described a 

ñmass-springò model of the action systems.  For example, reaching an arm out for the fly is 

conceived as the release of an oscillatory spring with a weight at one end.  "Stiffnessò and 

ñdampingò parameters specify the end-point and velocity of such a spring system.  These 

constitute ñtuningò parameters for the action systems of the body. The tuning parameters ñbiasò 

the hand-arm to release at certain velocity and stop, just as a coiled spring.
9
 

 

Figure 2.8.  The Tau value 

existing over a flow field is 

used by a pilot to guide in 

the plane.  

Figure 2.9.  Hypothetical function describing the 

minimum velocity required for the cat to intercept 

the mouse at D. 
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       The track (ABCD) along which the mouse runs projects upon the catôs retina (the little ñhò in 

Figure 2.9). For computing the velocity of the mouse, we need: velocity = distance/time.  Here 

the distance (d) being traversed on the retina is equivalent to h (the track/line projected on the 

retina).  But if we wish to use h for distance in our equation to obtain the velocity of the mouse, 

we have an ambiguity.  Similar to the problem with Berkeleyôs line ABCD in Figure 1.8 (Chapter 

I), we can move this horizontal track, along which the mouse runs, even closer to the cat,  yet the 

horizontal projection (h) on the catôs retina is exactly the same.  Any number of such mice/tracks 

at various distances project similarly to h;  h is always the same.  To solve for the velocity of the 

mouse, the needed muscle-spring parameters must be realized directly in the catôs muscular 

structures via properties of the optic array, e.g., the texture density gradient across which the 

mouse moves and the quantity of texture units he occludes. 

 

      At our normal scale of time, we can envision a function or curve (in Figure 2.9) relating the 

minimum velocity of leap (Vmin) 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 impossible.  But to compute the velocity of the mouse, 

the body needs one other critical thing.  It needs a standard of time.    

 

       A physicist requires some time-standard to measure velocity.  He could use a single rotation 

of a nearby rotating disk to define a ñsecond.ò  But if an evil lab assistant were to surreptitiously 

double the rotation rate of this disk, the physicistôs measures of some objectôs velocity would be 

halved, for example, from 2 ft/sec. to 1 ft/sec.  The body must use an internal reference system.  

Similar to the rotational velocity of the disk, this internal system must be an internal chemical 

velocity of the body.  Such a system is equally subject to such ñsurreptitiousò changes.  We noted 

that these velocities can be changed by introducing a catalyst (or catalysts) ï an operation that can 

be termed, in shorthand, modulating the bodyôs energy state.  If I raise the energy state, the 

function specifying the value of Vmin for the cat must change.   There is a new (lower) Vmin or 

minimum velocity of leap defined along every point of the object's trajectory, and therefore the 

object, if perception is to display our possibility of action with ecological validity, must appear to 

be moving more slowly.  The mouse is perceived as moving more slowly precisely because it 

reflects the new possibility of action.  If this were not the case, we would be subject to strange 

anomalies.  The cat would leap leisurely; the mouse would long be gone.  The catôs perception 

would not be ecologically valid; it would not specify the appropriate action available. 

  

        
  
If the fly is now flapping its wings slowly, 

the perception is a specification of the action now 

available, e.g., in reaching and grasping the fly 

perhaps by the wing-tip.  In the case of the 

rapidly rotating cylinder with serrated edges 

(once a cube), if by raising the energy state 

sufficiently we cause a perception of a cube in 

slow rotation, it is now a new specification of the 

possibility of action, e.g., of how the hand might 

be modulated to grasp edges and corners rather 

than a smooth cylinder.
 
  

 

        Again, the requirement comes to the fore 

for invariance laws holding across these space-

time partitions of perception, in the rotating 

cubeôs case, the invariant figure of 4n-fold 

symmetry in any partition.  The handôs 

Figure 2.10.  Aging of the facial profile. A 

cardioid is fitted to the skull and a strain 

transformation is applied.  (Strain is 

equivalent to the stretching of the meshes of a 

coordinate system in all directions.)  Shown 

are a few in the sequence of profiles 

generated. 
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modulation is guided by the same invariance information across partitions.  As another illustration 

of this point, we can consider the aging of the human facial profile.   This is a very slow event in 

our normal partition (Figure 2.10).  As Pittenger and Shaw showed, the aging transformation is a 

strain transformation upon a cardioid (a heart shaped figure).   We could imagine this aging event 

as greatly sped up, perhaps as though for a Mr. C who dwells in a much lower energy state where 

lifetimes pass very quickly.  For Mr. C, watching another human, the head is transforming very 

quickly.  Yet, for Mr. C,  the aging event is specified by exactly the same invariance law, and his 

action systems will use the same information should he reach out to grasp the rapidly transforming 

head. 

 

      That perception is the display of possible action, that a heron-like fly specifies the possibility 

of grasping it by the wing-tip ï this is a testable implication of the principle of perception as 

virtual action.  The theory described here naturally generates it.  I 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 afterthought or theoretic ñepicycle,ò not that 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 

that our current understanding of the ñcatalystsò at work is anywhere close or will be easy, but the 

prediction is testable in principle nonetheless.
10  

 

Time-Extended Events 

 

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

quality (or qualia) in conscious perception.  The ñbuzzingò fly is one quality, the heron-like fly 

another.  The wobbly not-cube is one quality, the rigid cube-in-rotation, another.  Were the cube 

the color ñred,ò Mr. B would be seeing a more ñvibrantò red, as his vision has moved closer to the 

(400 billion/second) oscillations and developing waves of the electromagnetic field supporting 

this red color.  Philosophers of consciousness ignore all this in their search for the explanation of 

the ñqualiaò of vision.  In truth, the examples we have been discussing here on form reduce 

certain philosophical conceptions of qualia, where qualia are virtually akin to little atoms, to an 

absurdity.
11

 One wonders what ñform qualiaò could be, other than the forms themselves?  Are 

there ñqualiaò for every possible scale of time?  But there is something yet more fundamental 

being ignored.  We must explain how the brain specifies time-extended events ï ñrotatingò cubes, 

ñbuzzingò flies, or the ñsingingò notes of violins.  This is to say we meet the question of how 

perception can be of the past.  

  

      A favorite answer is that the brain takes samples of the cube as it rotates and stores these in its 

memory.  There are many problems with this.  If the brain stores a series of snapshots of the 

rotating cube, it has stored a set of immobile pictures, as though we have laid a series of snapshots 

out, in order, on a desktop, just sitting there.  How do we now account for the motion?  By some 

form of internal scanner scanning across the snapshots?  Then we have yet another infinite 

regress.   We would now need to explain how the scanner perceives motion.   

 

       Another problem is presented by the strobed, rotating cube.  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 pre-adjusted to the cubeôs symmetry period, else we should always see a 

wobbly cube.  This would require ESP or pre-cognition on the samplerôs part.  And what if there 

were two or three cubes rotating at different rates? 

 

       Discarding sampling as a possibility, another explanation is simply to assume a natural 

ñtime-extensionò of the neural processes.  Somehow, the neural processes computing the form of 

the rotating cube just ñexistò or ñlastò long enough ï are unbroken and continuous enough ï for 
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us to see a ñrotatingò cube, not just a series of instantaneous snapshots, where each snapshot 

exists only by itself, the previous snapshot having just disappeared.   Letôs look at this, vague a 

process as it is.  The brain is part of the ever transforming, ever changing matter-field.  What is 

the time-extent of the ñmatterò of this field?  Is it one nanosecond? One second?  One minute?  

One year? One century?  The fact is, we think the brain must store our experience precisely 

because the matter-field has no extent backwards into the past. Time is seen as a series of 

instants.  Each present instant falls away instantly into non-existence (into the past) as the next 

arrives. The past is, by this definition, the non-existent. The brain then only exists for an instant, 

an instant in which it must store the present.  How long is this instant?  Let us consider where this 

concept of the ñseries of instantsò comes from. 

 

Abstract Space and Time 

 

       The concept of the ñinstantò lies in an abstract space and time.  Bergsonôs vision of the 

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 traveling in every 

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 attention on these movements, by abstracting from the divisible space that 

underlies them and considering only their mobilityé you will thus obtain a 

vision of matteré
12

  

 

       Abstract space, he argued, is 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 can act ï to throw a "rock," to hoist a "bottle of beer," to grasp a ñcubeò which is ñrotating.ò  

This fundamental perceptual partition into "objects" and "motions" ï at a particular scale of time 

we should note ï is reified and extended in thought.  The separate "objects" in the field are 

refined to the notion of the continuum of points or positions.  One 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 1.7.  As 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 ï a line ï consisting of the points or positions the hand traverses.   Each point 

momentarily occupied is conceived to correspond to an "instant" of time.  Thus arises the notion 

of abstract time ï the series of instants ï itself simply another dimension of the abstract space.  

 

       This space, argued Bergson, is in essence a "principle of infinite divisibility."  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 infinite regress.  To account for the motion, we must ï 

between each pair of static points/positions (i.e., immobilities) supposedly occupied by the object 

ï re-introduce the motion, hence a new (smaller) trajectory of static points ï ad infinitum. 

 

       The instant, as simply another form of space, is infinitely divisible. By the logic of abstract 

space and time, the very logic which motivates our theoretical need to store past instants in the 

brain in the first place, the instant over which the brain has a time-extent 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 equivalently,  the actual time-
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extent of the brain as matter.  The 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 ï to be consistent with the logic which drives us to store memory in 

the brain in the first place ï that neural processes are continuous enough to support the perception 

of a ñrotatingò cube.  Yet there is no easily usable notion of a memory, brain storage, or snapshot 

storage holding area, or whatever, that works for explaining our ongoing vision of the rotating 

cube.  

 

Motion as Indivisible ï or Primary Memory  

 

      Motion, Bergson argued, must be treated as indivisible.  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 this problem, Bertrand Russell being 

one example.  Russell, undoubtedly to the shock of Zeno, actually accepted the fourth paradox 

(where a motion is declared ñthe double of itselfò) as an actual, physical reality, though in fact it 

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.  Chasing the hare, with each step Achilles covers half 

the distance between himself and the hare.  The halved-distances get smaller and smaller, but no 

matter how small the half, there is always a bit left.  He never catches the hare.  In the ñparadox 

of the arrow,ò Zeno noted that the arrow, at each instant of time in its flight, corresponds with a 

stationary point in space.  As such, argued Zeno, the arrow ñnever moves.ò  These paradoxes of 

Zeno, Bergson held, had their origin in the logical implications of an abstract space and time; they 

were Zenoôs attempts to force recognition of the invalidity of this treatment.  When Achilles 

cannot catch the hare, it is because we view his indivisible steps through the lens of the abstract 

trajectory, the line or space each step covers.   We think of the abstract space traversed. We then 

propose that each such distance can be successively halved ï infinitely divided in other words.  In 

the paradox, Achilles never reaches the hare.   But in the concrete world, Achilles moves in an 

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 as relative, for we can move the object across the continuum, or the continuum 

beneath the object.  Motion now becomes immobility dependent purely on perspective.  All real, 

concrete motion of the matter-field is now lost.  But, Bergson argued, there must be real motion.  

The universe, the entire matter-field, must dynamically change and evolve over time.  Trees 

grow.  Flowers bloom.  People get older. Mountain ranges appear.  Stars shrivel and die.   He 

would insist then: 

 

      Though we are free to attribute rest or motion to any material point taken by 

itself, 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 an indisputable reality.  We may not be able to say what parts of 

the whole are in motion, motion there is in the whole nonetheless.
13

 

 

       We must, he argued, view the entire matter-field as a global motion over time.  We must see 

the whole changing, he argued, ñas though it were a kaleidoscope.ò We want to ask if individual 

object X is at rest, while individual object Y is in motion.  But both ñobjectsò are simply arbitrary 

partitions, phases in this globally transforming field.  As such, the ñmotionsò of ñobjectsò are seen 
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as changes or transferences of state ï rippling waves ï 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 states or ñinstants.ò  Rather, Bergson would argue, this motion is better treated 

in terms of a melody, the ñnotesò of which permeate and interpenetrate each other, the current 

ñnoteò being a reflection of the previous notes of the series, all forming an organic continuity, a 

ñsuccession without distinction,ò a motion which is indivisible.  

 

       From this perspective, there is a ñprimary memory. ò It is a property of the matter-field itself 

and of its melodic motion. This primary memory underlies the motion of the rotating cube, even 

the motion or flow in the neurons of the brain.   The motion of the field, of which the rotating 

cube is just 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 matter-field.  The wave can specify ñrotatingò cubes or the 

ñsingingò notes of violins.  We are always viewing the past.   

 

Physics and the Abstraction  

 

      Abstract space/time is a ñprojection frameò for our thought, derived from the necessity for 

practical action.  The theoretical world of physics became a population of tiny ñobjectsò moving 

from ñpointò to ñpointò in the abstract space, ñinstantò by ñinstantò in the abstract time. This is 

classical space and time.  It is also, unfortunately, still the time of relativity theory.  For physics, 

the effort to break from this projection frame has been very real.    To Bergson, "...a theory of 

matter is an attempt to find the reality hidden beneath...customary images which are entirely 

relative to our needs..."
14

   For physics, the ñcustomary imagesò of the abstraction have been the 

ultimate barrier.   

 

      What is a "particle," Bergson asked, but the extension in thought of this bodily perceptual 

process by which useful "objects," be it spoons, coffee cups or bottles of beer, were 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 atoms by shocks 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... 
15

 

 

       Thus, from a population of theoretical particles ï muons, gluons, leptons ï physics eventually 

moved to ñquarks.ò  But the quarks, with their various "spin" states, became ever less material, 

and we are asked to abstract from the spin state of a quark all mass, leaving 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, contemplating the dynamic movement of this field: 

 

...they show us, pervading concrete extensity, modifications, perturbations, 

changes of tension or of energy, and nothing else.
16

 

   

       Simultaneously, the concept of a trajectory 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., Heisenbergôs famous principle of uncertainty.  As de Broglie would note, writing his 

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, but in doing so, we have 

lost the motion.   Thus Bergson noted, over forty years before Heisenberg, "In space, there are 

only parts of space and at whatever point one considers the moving object, one will obtain only a 

position."
17

  

 

      The physicist, Laurent Nottale (Chaos and Solitons), simply notes a proof (by Richard 

Feynman) that the motion of a particle is continuous but not differentiable.
18

  Hence, he argues, 

we should reject the long held notion that space-time is differentiable.   He opts for a fractal 

approach ï indivisible elements which build patterns.   The essence of differentiation is to divide 

(say, a motion from A to B, or the slope of a triangle) into small parts.  This operation is carried 

out with smaller and smaller parts or divisions.  It is 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 operation ï obtaining the measure of say, "instantaneous" velocity, or 

slope, etc.   To speak of non-differentiability is to say ï "non-infinite divisibility."  We have 

something ï indivisible.    To state that space-time is non-differentiable another way, we may say 

the global evolution of the matter-field over time is seen as non-differentiable; it cannot be treated 

as an infinitely divisible series of states. 

   

      Lynds (Foundations of Physics Letters) now argues, echoing Bergson, that there is no precise 

static instant in time underlying a dynamical physical process.
19

  If there were such, motion, 

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 (shades of Zenoôs arrow that does not move) is 

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 precisely determined in an interval, no matter how small, as at no time is it not 

constantly changing and undetermined.  It is by this very fact ï that there is not a precise static 

instant of time underlying a dynamical physical process or motion ï that variation in magnitudes 

is possible; it is a necessary tradeoff ï precisely 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 physics, no 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 transforming matter-field, i.e., it is equally a part of this 

indeterminacy.  It can only be responding to invariance over a non-differentiable, indivisible flow 

or change.  This non-differentiable, indivisible flow, with its ñprimary memory,ò allows the 

specification of events with a time-extension receding into the past.  

 

The Classic Metaphysic 

 

        Abstract space and abstract time form what can be termed the ñclassical metaphysic.ò  It is 

this metaphysic that resides behind the entire discussion of qualia and the ñhard problemò of 

Chalmers.   As noted, the end result of this ñprinciple of  infinite divisionò that abstract space 

represents, even could we legitimately conceive of an end of such an operation, ignoring the 

mathematical hand waving of taking a ñlimit,ò would be at best a mathematical point.  At such a 
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point, there could exist no motion, no evolution in time of the field.  Further, as every spatially 

extended ñobjectò is  subject to this infinite decomposition throughout the continuum, then we 

end with a completely homogeneous field of mathematical points.  The continuum of 

mathematical points then, both spatially and temporally, can have no qualities ï qualities at the 

least imply heterogeneity, i.e., multiple differences. 

 

       That this is indeed the framework that the qualia debate participants have tended to work 

within is attested to by a very common starting point, namely that the matter-field contains no 

qualities ï objects have no color, there are no sounds, etc.   This framework is also betrayed by 

the fact that the vast preponderance of examples of qualia are static ï the ñrednessò of red, the 

taste of cauliflower, the feel of velvet, the smell of fresh cut grass.  Seldom are qualities of 

motions ever discussed, e.g., the ñtwistingò of leaves, the ñgyrationsò of a wobbling, rotating 

cube, the ñbuzzingò of a fly.  This glaring lack is coordinate with the fact that an abstract ñtimeò 

that is simply another dimension of the infinitely divisible space ï a line of infinitely minute 

point-instants ï is equally completely homogeneous. Any ñmotionò in this space, logically, has no 

duration greater than a mathematical point, then another point, then another.  In fact, then, the 

debaters universally fail to realize that the perceived time-extents of these motions ï the rotating 

cube, the buzzing fly, the whirling of the coffee surface with circling spoon ï are equally qualities 

that arise, just as problematically as the ñstaticò colors of objects, in the homogenous time 

dimension of infinitely divisible instants in this continuum.  

 

      The origin of the classic metaphysic traces to Galileo.  Galileoôs crucial step was to suggest 

that the real world is made only of quantitative aspects while other empirical aspects ï the 

qualities of the experienced world  ï are somehow created by ñthe living organism.ò  Shape 

(form) is considered part of the quantitative realm and thus considered part of the ñrealò ï  not a 

quality therefore and not part of the hard problem.  Implicit within Galileoôs statement is the 

distinction between primary properties and secondary properties, the former related to quantity 

and ñreal,ò the latter related to quality and only in the mind.  This exact structure runs 

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 he was excluding qualities therefrom.   

There is nothing static in the ever-transforming material field.  Edges, vertices or surfaces do not 

exist in an instant.  Nor color.  Again, there are no ñinstants.ò  Again, the brain, simply a part of 

this transforming flux, cannot use in its computations that which for it does not exist.  Even form 

can only be derived by imposing constraints (invariance laws) over ever flowing velocity fields.
20  

 

      While the earlier discussed ñcoding problemò itself has never been truly understood, with the 

result that innumerable ñsolutionsò have been generated to the hard problem that are blind to a 

coding dilemma at their core, the misconception of static form is another drag.  Derived from the 

classic metaphysic and Galileoôs mis-assignment of form to the mere ñquantitative,ò it also 

underlies a fundamental failure in the qualia debate participants.  This is the failure to grasp that 

the issue being addressed is the problem of the origin of the image of the external field. The 

arguments here, that the origin of the external image is the problem, is incomprehensible to them, 

hence the significance of Bergsonôs model of the brain as a reconstructive wave,  specifying a 

time-scaled image of an inherently qualitative field is totally lost upon them.   The misconception, 

despite the fact that it was clearly understood by earlier philosophers, is harbored by virtually all 

in the debate today.  Martine Nida-RŤmelin states it clearly in her essay.  She feels forced to 

differentiate between color as an ñappearance propertyò (and therefore a qualia problem) and 



                                                         Chapter II   Time: The Mystical Perception of Stirring Spoons 

49 

shape, which  she says is not such a property (therefore not a qualia problem).
21

   All seem to 

think that the origin of the image of the forms (or shapes) of the external world is no problem ï 

these are easily ñcomputableò and hence the image itself is no problem, only its ñqualities.ò  They 

fail to grasp that the origin of the image of the forms in the field or of the objects in the field is 

just as much a problem as the (other) ñqualitiesò of the field ï the ñrednesses,ò the ñvelvets,ò etc., 

etc.  None of these is simply computable.  At the null scale of time, the material field, in its 

massive, continuous dynamic flux, looks nothing like the image we have of it at normal scale.  

The ñbuzzingò fly of our scale is simply a mass of shivering field oscillations.   Technically, the 

field, at its null or ñnatural scale,ñ is non-image-able.   It is the origin of our image of this field, 

any image, that is the problem.    

 

       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 matter-field, all reducible in time-extent to mathematical points, simply continue in the 

portion of the field called the ñbrain.ò  Nowhere in the brain, taken as part of the abstract 

continuum, can there be anything but more homogeneous points/instants.  As we have seen, there 

can be no actual time-extent of motions through the nerves, no ñcontinuity of time-extended 

neural processesò ï the logical time-extent 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 to the bodyôs action systems, it changes nothing. Within the brain, taken as a part 

of this abstract, homogenous continuum, we can never derive qualities, whether qualities of 

objects (colors, smells) or of time-extended motions (ignoring that the ñobjectò is a motion).  We 

cannot explain how we see a cube ñrotatingò let alone a ñblueò cube. Therefore, all qualia are 

logically forced, within this metaphysic, into the non-physical, or the mental, or somewhere, 

anywhere but the abstract continuum.  But the step by which this generation of events unto and 

into another realm can occur, within the confines of the metaphysic, remains a dilemma.  The 

structure of the metaphysic makes the step impossible, while leaving the nature of realms outside 

the structure ï e.g., the ñmentalò ï forever incapable of definition or of use to the science that 

currently operates precisely within this metaphysic.     

 

      The alternative, the temporal metaphysic, resolves all of this.  The time-flow of the matter-

field ï indivisible, non-differentiable ï is inherently qualitative.   Objects are but flows in this 

field.   The brain, at a certain energy state, as a reconstructive wave, is specifying a past motion of 

this qualitative field ï at a scale of time ï reflective of the possibility of the bodyôs action at this 

scale.       

 

Illusions and Direct Realism  

 

       I am compelled here, before we go on, now that the concepts we need are in place, to devote 

a bit more discussion to the illusions of indirect realism. The subject of illusions is the great 

sticking point for the holders that ñall is generated by the brain.ò If direct realism is construed as 

simply seeing ñwhat is thereò in the matter-field, this view is untenable in the face of multiple 

lines of evidence.   As we have seen, given the inherent uncertainties of information with which it 

deals, the brain is in fact computing an optimal percept.  On this basis alone, the brainôs 

specification of events in the matter-field is based on probabilities.  But to construe direct realism 

as implying that we simply see ñwhat is thereò is in fact simply an expression of what is termed 

naïve realism.  Given the inherent uncertainty of measurement, nothing is simply ñthere.ò   

Further, as we have just seen, it is always a specification of the past, therefore, already a memory. 
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        This aspect ï that of perception already being a memory ï requires me to anticipate the next 

chapter slightly.  If the brain supports a reconstructive wave in a the holographic field, then this 

wave is also capable of reconstructing past events in this field.  The invariance laws or invariance 

structure of a "present" event is simultaneously creating a wave that is reconstructive of past 

events with similar structure.  Bergson thus argued that perception is always permeated with 

memory experience (he saw the ñflow of memoriesò to perception as a "circuit").  The initially 

indistinct words to a song, with a bit of a clue, from then on are perceived as "perfectly clear" 

whenever we subsequently hear the song.   The ñbearò near the trail in the woods, seen to be a 

tree stump on closer approach, would also be a reconstructed experience, now fused in the 

perception. This is already a form of ñfilling in,ò a phenomenon considered very problematic for 

direct realism.  Spatial filling in can occur when a blind spot in the visual field (perhaps due to 

neural damage, say, a scomata) is not perceived by the subject as an empty area because the brain 

fills it in by completing the surrounding pattern.
22

  A black line containing, in actuality, a small 

gap, might be seen as complete.   The natural question, as asked by the philosopher, John 

Smythies, is how is it possible 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)?
23

  

 

      The answer is ñquite easily.ò  It can easily be both.  We may call this ñconstructive 

directnessò if one likes.  The perception is always a specification of some past state of the field. A 

reconstructive wave passing through a hologram can specify simultaneously in superposition, 

wave fronts recorded at Time 1 and Time 2.   What is specified is always dependent upon a  

modulation pattern.  This pattern may use or embody some probabilistic constraints or rules,  but 

it is always a specification of a past form of the holographic field. It can easily include material 

from memory ï it always does.  This material ï events of the past coalescing in the brain as 

images ï 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 stopped).
24

  Under such conditions, objects presented during 

a saccade are actually invisible.  The visual system appears to be shut down for 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 movement.  But the answer is that the perception is as direct as ever.  During the clock 

handôs motion relative to a receptive eye, information from the field is taken in, the optimal 

percept computed,  the reconstructive wave/specification is still to the past.  During the saccade, 

the reconstructive wave does not cease ï it continues to specify a state of the field based on the 

information available and the probabilistic algorithm employed by the neural architecture. 

 

        Kevin OôRegan is similar in this respect.
25

  He noted that an entire page of surrounding text 

can be changed during a saccade without notice while someone is reading as long as the 17-18 

character window the eye is focused upon is undisturbed.  He opted to conceive of the 

environment as an ñexternal memory storeò to explain the persistence of the perceived world 

during saccades.   However, the scale of time of this ñexternalò store would be very problematic ï 

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?  We can 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 bits?), the brainôs specification yet 

being to the same states of the past. 

  

       OôReganôs observation was extended under the heading of ñchange blindness.ò
26

   

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 invisible.  Subjects were astounded when the gorilla was pointed out.  

This led to speculation that our perceived world, in total, is an ñillusion,ò again, 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 question the directness of perception. 

 

        I should note here how similar the ñinvisible gorillaò is to a form of hypnosis. The great 

hypnosis expert, Cleve Backster, on stage, gave a hypnotic suggestion to a subject picked from 

the audience such that Cleve would be invisible. To the subject, Cleve was invisible, even to the 

point of being completely freaked out as he observed a cigarette which Cleve lit up as floating 

unsupported, with its smoke, in mid-air.   Again, this can be looked at as simply a modulated or 

filtered specification, not something that implies the brain generates all reality.   

 

        There are other more problematic phenomena.  Kovacs et al. constructed two pictures ï A 

showing a group of chimpanzees, B showing jungle 

foliage.  If A is shown to one eye, then B to the other, in 

alternation,  the subject, as expected, sees A (chimps), 

then B (jungle) in alternation.
27

   Two pictures C and D 

were also constructed,  where C contained portions of A 

and B, and D contained the complimentary (unused by C) 

portions of A and B.   Presented C (an intermingling of 

jungle/chimps) in one eye and D (the complimentary 

intermingling) in the other, what the subject now sees is 

not C, then D, but rather, as  before, A (chimps) then B 

(jungle).   This is a clear construction by the brain.  That 

the subject, as Smythies notes, is not actually seeing 

what is ñout thereò at any given instant, is true.    The 

brain is nevertheless specifying, via information 

received, past states of the field.  Yes, it is a garbled 

specification of the field, just as a reconstructive wave 

modulated to imprecise or non-coherent frequencies can 

specify composite images of A and B.   Yes, the famous Necker cube constantly flips in 

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

possible orientations of the cube.  The brainôs specification, at each ñflip,ò is yet to a state of the 

field.  

 

       It is undeniable, as Smythies argues, that the perceived image of the world is the result of 

massive neurocomputations.  What is deniable is the final step of this process proposed by the 

indirect realist, namely ñthe generation of the sensations that we experience in consciousness.ò
28

   

What is meant here is the ñgeneration of conscious sensations,ò or more simply the ñgeneration 

of consciousness.ò  This step does not exist.  The entire notion of so-called visual ñsensations,ò as 

Gibson argued, is a misleading alley.   The neurocomputations generate no ñsensations.ò  The 

neurocomputations generate no ñprojectionsò back to the coffee cup as Crooks noted in 

contemplating Figure 1.1.  The indirect realists have never considered time and the properties of 

the time-evolution of the matter-field; they have no answer for, nor even thought about, the 

memory that supports the rotating cube. The neurocomputations support ï are involved in ï a 

complex, very concrete reconstructive wave, a wave specifying a past, time-scaled form of the 

non-differentiable motion of the field.    

     

Figure 2.11. The Ponzo ñIllusion.ò  

The far object on the road looks much 

larger than the near object, yet both are 

exactly the same size on the drawing 

and on the retina.  Ecologically, in the 

real world, the far object would indeed 

be larger. 
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       This optimal percept, based upon invariance 

information in the field and probabilistic constraints,  

is, under ecological conditions, extremely veridical, as 

indeed it must be for survival.  It is not nearly as 

illusory or unreliable as the indirect realist 

emphasizes. The golf ball, sent rolling by Tiger 

Woods across the undulating green and grain, is 

guided by precise specification of the world.  The 

indirect realist is wont to emphasize the existence of 

illusions ï the Poggendorff, the Ponzo, etc. ï to 

enhance the constructivist implications for perception.  

Gibson long argued that these are artifacts, that given 

an ecological environment, rich with information 

(invariants), these don't happen, the experience being 

again "directly specified."  In fact, some "illusions" 

would count as quite valid percepts from a Gibsonian 

perspective (e.g., the Ponzo, Figure 2.11).   The 

Poggendorff (Figure 2.12) can equally be interpreted 

as a specification of a valid state of the (normally) 

three-dimensional matter-field.   Perception theorist, 

Irvin Rock, opposed Gibson at every turn, trying to show that inferences or mental operations are 

involved.
29

  Often his experiments involved information-deprived experimental setups, destroying 

Gibson's texture gradients, for example, by forcing the observer to judge distances when looking 

into a darkened room through a peephole (say, the distance of two rods located at different 

distances on the floor, as the cups in Figure 1.9).  He would then argue that inferences or mental 

operations must be involved.  That information-deprived 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 the matter-field.   

 

 The Color of the World 

 

        The widely received view that the objects of the physical world are not actually colored 

obviously has roots in the classic metaphysic.  The (white) coffee cup resting before us possesses 

no color.  The (brown) coffee possesses no color. Colors only exist as subjective (or ñsecondaryò) 

properties of the matter-field.  In this view, color experience is in effect a vast illusion for us all.   

Objects are represented as colored in the dark, quiet brain, yet there are no properties of the 

physical world that the representations are reflecting.  No philosopher knows how the 

ñrepresentationsò in the dark, quiet brain become colored.  If the color is not in the physical 

world, then the color of the world becomes entirely a mystical process, beyond the realm of 

science, in a sad realm ruled only by the philosophers, something perhaps to their liking.  Of 

course, these same statements should be equally said of form:  Objects possess no form, for form 

too is not a 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 us nearer to the absurdity of this entire ñno colorò conception.  

If form too is just as much an illusion as color, just a ñrepresentationò in the brain, then is form 

too just subjective, just,  ñin the mind?ò  Then what is not ñjust in the mind?ò   This is the 

ultimate absurdity of ñindirect realism.ò  This is just idealism ï with frantic hand waving 

attempting to distract our attention from what it actually is.  We owe this conception, as usual, to 

Figure 2.12.  Poggendorff Illusion.  (A) 

The oblique lines are actually perfectly 

aligned ï a continuous straight line.  (B) 

The cause of the illusion from a depth 

computation explanation - the result of 

the visual systemôs attempt to interpret 

A as a three dimensional object, where 

the oblique line is actually part of two 

planes, one higher than the other, and 

thus not in alignment. 



                                                         Chapter II   Time: The Mystical Perception of Stirring Spoons 

53 

the ever-present abstract space underlying our theories.  A set of abstract, homogeneous 

ñobjects,ò (e.g., particles, electrons, quarks) in equally abstract (and relative) ñmotionsò 

introduces an impassable gap between these objects/motions and quality (or qualia).  The 

particles have become abstract little billiard balls in abstract ñmotionsò denuded of quality.
30

  

 

        At the null scale of time, the matter-field may indeed be near the homogeneous state 

envisioned by classical mechanics in its particles 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 

vibrations which 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, but nearer and nearer to coincidence with pure vibrations?  
31

 

 

      I am not going to take us here into the many problems surrounding the information that the 

brain actually uses to specify colors.  Semir Zeki hypothesized that the brain is isolating 

invariants of spectral reflectance.
32

  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 problems, all supporting 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 complex web 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, turquoise) ï said to be perceptual mixtures of the unique hues.  All of this 

appears as a problem for a qualitative field supporting color, for  light 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 that the light conditions are continually 

changing, yet somehow the colors of the world remain to us perceptually the same.   There is no 

simple mapping from such physical properties to the subjective color experience. But the wobbly 

cube shows us there is no simple mapping for form either. 

 

  We are presented, everywhere beneath 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 semblance of 

constancy, yes, some invariance, 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 specifying a time-scaled portion of the matter-field 

flowing in time, and this field is, inherently, Quality.  

 

Quality as the Knife  

 

     Quality, Phaedrus had realized, is ña cleavage term.ò   

 

        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 two ï hip and 

square, classic and romantic, technological and humanistic ï and the split is 

cleané Sometimes the best analysts, working with the most obvious lines of 
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cleavage, can tap and get nothing but a pile of junk.  And yet here was Quality; a 

tiny, almost unnoticeable fault line; a line of illogic in our concept of the 

universe; and you tapped it and the whole universe came aparté.
33

  

 

      Bergson, too, had gently tapped on this fault line.  The world split into his ñdichotomies:ò     

 

Á Quality vs. Quantity 

Á Duration vs. Abstract Time 

Á Extensity vs. Abstract Space 

 

        ñDurationò was his term for the indivisible flow of time, or concrete time, a time where each 

ñinstantò flows into, interpenetrates, merges into the next, like the notes of a melody.  

 

       Might it not be said that, even if these notes succeed one another, yet 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?  éWe can conceive then of succession without distinction, 

and 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 given by a being who was ever the same and ever changing, and who 

had no idea of [abstract] space. 
34

 

   

          The melodic flow of the matter field is inherently Quality.   ñQuantityò is simply the 

stripping of objects of quality, be it particles or apples, such that I can treat them all alike.  When 

I count five apples, I strip each individual apple of its individual qualities, I ignore their subtle 

differences in color, texture, form, or taste.  For the sake of arriving at a sum, I treat each apple 

alike, as simply a ñunit.ò ñExtensityò was simply Bergsonôs term for the concrete space that 

extends all around us ï the floor, the rugs, the fields beyond ï none of which consists of truly 

separate ñpointsò or ñpositionsò or ñatomsò or ñparticles.ò     

 

           This great ñcleavageò of the world creates two more ñdichotomies:ò 

 

Á Semantics vs. Syntax 

Á Intuition vs. Intellect 

 

       Syntax rules are the foundation of the computer conception of mind.  These are simply rules 

for the manipulation of abstract objects (symbols), denuded of quality, in an abstract space in an 

abstract time. These have nothing to do, as we shall see in later chapters, with semantics ï the 

basis for meaning in our world. Because the computer conception of mind sits on the right side of 

this cleavage point, it cannot deal with the terms on other side.  It cannot account for semantics, 

nor intuition.  This is because this split has an essential feature:  each of the terms on the right is 

only the limiting case of the term on the left.  Abstract time, for example,  is simply the limiting 

case of real time ï 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 greater.   Intuition is concrete mind flowing in 

concrete, indivisible time.  Intellect is its limiting case ï mind based on symbols manipulated in 

an abstract space.  It is this brittle, intellectual form of mind, in itself not in touch with the real 

Quality of the world in its flow, that Phaedrus meant by his term ñsquareness.ò   

 

      Phaedrus, with his great intuition on Quality, became convinced he was blazing a 

philosophical trail.  He had poured through the philosophical literature for precedents, and found 
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little, the best being the great mathematician. Poincare.  Poincare was a contemporary of Bergson 

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

in mathematics, Poincare was saying, the intellect itself is, and must be ultimately guided by, the 

perception of quality. But Phaedrusôs lack of awareness of Bergson is only testimony to how 

thoroughly philosophy had buried Bergson. 

 

     All this leads us back to the greatest entry in this set of dichotomies: 

 

Á    Subject vs. Object.    

          

Subject and Object  

 

      We have seen that the matter-field is holographic.  We have seen that the dynamic 

transformation of this holographic field is indivisible, where each ñinstantò interpenetrates the 

next, as the notes of a melody, and where each note reflects 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 the history of the whole, then, in effect, each ñpointò at the null 

scale of time has an elementary awareness of the whole.  Bergson called this ñpure perception.ò   

It is as though, stretched across the universal matter-field, is a vast, vibrant ñwebò of awareness.   

It is a highly coherent web; the threadlike ñfibersò are taut, a light flick with a finger sends 

reverberations instantly throughout the whole. This ñweb,ò with its basic form of awareness and 

its fundamental, primary memory as the web transforms over time, carries the elementary 

attributes of Mind. 

 

       Note that I am saying the null scale of time.   I am not speaking of the scale of time as we 

know it ï the scale of cups, symphonies and buzzing flies.  It requires all the time-scaling 

imposed by the brainôs reconstructive wave, as we have earlier discussed, to specify a scale.  This 

is true even for frogs and chipmunks,  who, by the way, surely perceive the world at their 

particular scales of time by this same reconstructive wave process and, by this fact, are also 

conscious.  Note too, we are not ascribing some form of ñmentalityò to these point-events.  We 

are not looking for ñproto-consciousò particles, or tiny ñperceiving protons.ò  This is the 

desperate move of certain current philosophers to explain conscious perception.  We only require 

this elementary awareness, this vibrant ñweb,ò itself a fundamental implication and property of a 

holographic matter-field.  

 

       The brain, as a reconstructive wave, is specifying past portions of the change of this field at a 

particular scale of time ï a buzzing fly, or a heron-like fly, or spinning cylinder (once a rotating 

cube). The brain is establishing a certain ratio relative to the micro-events of the matter-field ï in 

the flyôs case, the micro-events making up the body of the fly, his wing beats, his internal 

processes.  If we were to conceive of our body and the fly side by side within the matter-field at 

the null scale of time, we see there is no spatial differentiation between our body and the fly.  

Both of these ñobjectsò are simply phases in the global transformation of this field.  But allow the 

brain to gradually apply an increasing time-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 to flap his wings, and then becomes the buzzing being of normal scale.   The  

essential unity of the two ï body and fly ï within the matter-field is never broken.  We arrive at 

Bergsonôs principle: subject is differentiating from object, not in terms of space, but of time.   

 

       But there is a simultaneous aspect in this specification.  The body/brain, as a reconstructive 

wave, is simultaneously specifying, from a given spatial perspective, a time-scaled form of the 

elementary web of awareness defined across the matter-field.   Rotating cubes, stretching surfaces 
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with gradients for rocks and grasses, little buzzing beings ï are simply time-scaled forms of this 

awareness.  So now we ask:  Who is it that sees?  

 

       There is no one seeing.  There is no homunculus viewing the image of the external world.  

The reconstructive wave, supported by body and brain, is simply specifying a time-scaled portion 

of this vast web of awareness, this web of mind.  This is why Douglas E. Harding found he ñhad 

no head,ò and that rather, he was the external world ï the blue skies, the snow-peaks of the 

mountains, the misty blue-valleys of the Himalayas.   These mountains, these valleys, these skies 

are Mind ï Mind at a specific scale of time.   

        

        We begin life with the perception that we are the external world.  This, I noted, was the 

observation of Jean Piaget, the great theorist of the childôs cognitive development and one time 

student of Bergson (The Construction of Reality in the Child).  The great constant in our 

experience is the body, and the bodyôs spatial perspective.  The body is the invariant in the matrix 

of experience.  Our Identity gradually comes to settle upon it.  We become an ñobjectò among 

other ñobjects.ò  We begin to need a koan.  
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Chapter III  

 

Retrieving Experience from the Holographic Field  

 

     ésuppose that my speech had been lasting for years, since the first awakening 

of my consciousness, that it had been carried on in one single sentence, and my 

consciousnesséable to employ itself entirely in embracing the total meaning of 

the sentence: then I should no more seek the explanation of the integral 

preservation of this entire past than I seek the explanation of the preservation of 

the three first syllables of "conversation" when I pronounce the last syllable.  

Well I believe that our whole psychical existence is something just like this 

single sentence, continued since the awakening of consciousness, interspersed 

with commas, but never broken by full stops.  

                                  - Bergson, Mind Energy 

 

   We cannot see how memory could settle within matter; but we do clearly 

understand how ï according to the profound saying of a contemporary 

philosopher ï materiality begets oblivion. 

                                - Bergson, Matter 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 proven.  The fact 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 

ñkonkò has simply damaged the mechanisms and dynamics necessary for accessing and retrieving 

experience.  

 

       Cognitive science, neuroscience, the psychology of 

memory, and last but not least, robotics  ï none have a clue 

how experience is actually stored in the brain.   The prevailing 

trend has at least partial origins in the "constructivist" tradition 

of Ulrich Neisser (circa 1967) where memories are apparently 

reconstructed from vaguely specified ñpiecesò or elements. 

This is reinforced by an ñabstractionistò tendency. The 

abstractionist sees only certain  abstracted aspects of the events 

of experience being stored. The rotating cube would have only 

certain snapshots of the rotation stored. For the memory 

theorist, Lawrence Barsalou, the dynamic transformation of ñbitingò as in biting on a carrot, 

would be represented by three schematic states ï ña mouth closed next to the object, followed by 

a mouth open, and then the mouth around the objectò (Figure 3.1).
1
  

                                       

        There is no principled theory as to how or why the brain makes such a selection.  Which 

snapshots of the rotating cube are stored? (We have seen that in actuality there can be no such 

snapshots as far as the brain is concerned.)  Which snapshots of the biting face? In fact, there 

would be a flow field defining this biting transformation just as difficult to store as the flowing 

Figure 3.1. ñBitingò as a 

schematic abstraction. 
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sides of the rotating cube.   Yet, say theorists Mayes and Roberts, ñOnly a tiny fraction of 

experienced episodes are put into long term storage, and, even with those that are, only a small 

proportion of the experienced episode is later retrievable.ò
2
   It is from these abstracted elements, 

the principles of selection of which no one 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 immensely rich images of 

these experiences could 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 are only vague 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 multi-modal events are then reconstructed from fragmented pieces 

or static ñfeaturesò of an event ï as for example the ephemeral edges and vertices of the rotating 

cube which we saw exist only as invariants over a flow  ï are stored in different (unspecified) 

spots, frozen, as snapshots, in the brain.  All theory proceeds as if it is sufficient to theorize 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 stirring our cup of coffee.   

 

      Let us remember, in the previous chapter we saw that there is no theory, in fact, not even a 

teensy thought of a theory, for what I termed the ñprimaryò memory that supports the time-

extended perception of the rotating cube or the buzzing fly, let alone, as Barsalouôs weak attempt 

shows, of storing these dynamic, time-extended events for future retrieval.  Let us remember too, 

the question of whether the brain stores experience was Bergsonôs key question in determining 

whether the brain generates consciousness.  If we hold that 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 experience, to include the time-extended perception of the rotating cube, must 

somehow be generated from stored elements within (or modifications of) the neural substrate.  

But we have seen that the metaphysic underlying this position, with its abstract homogeneous 

continuum and its snapshot theory of motion, is utterly, logically precluded from explaining the 

origin of any of these.  The fact is, I repeat again, current theory has not one clue how experience 

is stored in the brain.  Of course, it has not one clue what 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 that the brain, and therefore 

a robot, can store experience, is a lynchpin, both in theories of consciousness, and in the robotic, 

machine view of mind with its view that robots can be conscious, with the philosophic mist that 

this generates.  If the brain cannot and does not store experience, then neither will a robot, a 

computer or a neural network.  

   

The Brain as Not a Suitcase 

 

       The dynamically transforming visual image of the external world, we have seen, is not within 

the brain.  It is right where is says it is, in the external field.  Therefore it cannot be stored within 

the brain.  Experience, in general, cannot be stored there.  The material brain is the three-

dimensional cross-section of a four-dimensional being, flowing in time.  Bergson visualized the 

brain as a sort of ñvalve,ò holding back the accumulated waters of experience. When the systems 

in the brain for preparing action momentarily configure in a certain manner, the brain/valve 

allows past experiences into consciousness that fit this action configuration.  For example, driving 
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down a certain section of curving road entails a certain form of the bodyôs action and by this we 

may recall a similar driving experience.  The loss of memories on the other hand ï amnesias, 

aphasias ï 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.  

 

       In todayôs terms, we would say that in the recall of experience, the brain is yet acting as a 

modulated reconstructive wave passing through the four-dimensional holographic field.  Just as 

we modulated the reconstructive wave to different frequencies to reconstruct the successive  wave 

fronts of the pyramid/ball, cup, toy truck and candle, so it is the  modulated wave patterns that the 

brain assumes which determine the experiences retrieved.  Damage to the brain in various areas 

affects its ability to assume the complex wave-modulation patterns that might be required to 

retrieve certain experiences.  The experiences now appear to be ñlost.ò   The brain does not have 

to be our ñsuitcaseò for experience.  What is required is that it serves to assume the appropriate 

modulated reconstructive wave patterns within the holographic field.  

 

        We should not take this to mean that no form or type of memory whatsoever is stored in the 

brain.  To use a Bergson-like example, we may have many practice sessions at the piano, say, 

learning Chopinôs C# minor waltz.  The end result of the many practice sessions is a nice motor 

program ï with all the modifications of neural connections this might involve ï which we can 

unroll effortlessly as the waltz.  This is clearly a form of memory ñstored in the brain.ò  In the 

terms of current psychology, it might be called a ñproceduralò memory ï a memory for a 

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

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

particular black-white pattern is always the same, it is an invariant over these experiences.   The 

spatial neural firing patterns in the visual cortex which respond to the layout of the keyboard must 

eventually 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-

important neural ñinvariants.ò  Were a different keyboard, with a different white-black alternation 

pattern, encountered one day, the difference would be detected instantly.   But simultaneously 

every experience,  every practice session or episode is retained in the four-dimensional extension 

of being ï the day when the sun was shining brightly and the room was glowing, the dreary day 

when it rained, the day we had a headache.  This is ñepisodicò memory in current terms.   In 

principle, given the precise modulation pattern, each event is retrievable.  In practice this is 

obviously difficult.  

 

       The relation between the form of memory stored in the brain, and our experience, which is 

not so stored, is a complex one.  Not all the aspects of it I have examined in other theoretical 

endeavors will be discussed here.  But let us explore a little more concerning the fundamental 

retrieval mechanism of experience.  

 

Retrieving Events ï Redintegration 

 

        The fundamental operation of the retrieval of experience is ñredintegration.ò  This curious 

term, which I happen to like, can trace its genes back to the very origins of psychology.  Thus it 

was Christian Wolff, a contemporary and disciple of the great philosopher Leibniz, and a 

mathematics professor (it took one to coin this term), who first introduced the "law of 

redintegration" in his Psychologica Empirica of 1732.  In effect, Wolff's law stated that "when a 

present perception forms a part of a past perception, 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 by lightning.  

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 snake was encountered in a similar situation.  Klein (A History 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, the pattern might be recalled by reinstatement of a part of 

the original pattern.    One would think that the science of describing these ñpatternsò precisely, 

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.  It is a 

gift that the psychology of memory and cognitive science have for the most part ignored.  

 

        The ñlawò for describing when a present experience will retrieve or redintegrate a past 

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 description.  In essence, when the same 

dynamic pattern, supporting the same invariance laws or structure, is evoked over the global state 

of the brain, the correspondent past experience is reconstructed.   

 

        Let us put this into our event context.  Imagine a drive 

up a mountain road (Figure 3.2).  The road curves back and 

forth, in sinusoidal fashion, rising at a particular grade.  We 

have then a certain gradient of velocity vectors lawfully 

transforming as a function of the radius of the curves and the 

velocity of the vehicle. There are other components such as 

the contour and texture density gradients, for example the 

distribution of rocks peculiar to a mountain terrain. Over the 

flow field there is a ratio called tau (t) about which I need 

not go into detail here.  The essential point is that the tau 

ratio specifies time to impending contact and severity of 

impact. It has a critical value in controlling action.  A bird or 

a pilot, coming in for a landing 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 

information for ñtuningò or guiding the action systems.  The velocity of field 

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 with respect to future 

possible (virtual) action as well as that actually being carried out constitutes an integral 

component of the event pattern.                                               

 

      I believe it is quite common for people to have past experiences redintegrated by this form of 

flowing, road-driving, 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 California where she once lived.  Due to the indivisible time-evolution of 

the matter-field, neither the original transformation of the field nor its subsequent specification by 

the brain as an image (of its then-past motion) have moved into non-existence. The reason 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 redintegration.
3
   

 

    Nowhere in the description of this process, one will note, is it necessary to assume that the 

Figure 3.2.   The mountainside 

drive 
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experience being reconstructed is stored in the brain.   In truth, I noted earlier, cognitive 

psychology has no idea how experience is actually stored in the brain, nor does computer science, 

nor does robotics. 

 

       Before we go on, let me define an invariance structure: An invariance structure is the set of 

transformations and invariants specifying an event and rendering it a virtual action. 

 

Retrieving Events 2 

 

       We have seen (Chapter 1, Figure 1.4) that when we pass a reconstructive wave through a 

hologram, we can modulate the wave to different frequencies, for example, to f1 to specify the 

wave front of a pyramid/ball, to f2 to specify the cup, to f3 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 front.  If f1 and f2 are very close, 

it may be very possible that a reconstructive wave has both frequency components, f1 and f2, in 

which case we get a confused, composite image of both the pyramid/ball and the cup.  In this case 

it turns out to be difficult to reconstruct the individual ñeventsò (wave fronts).  The easier it is to 

create a unique reconstructive wave, the easier it is for precise, individual recall.  

 

          The brain is dealing with ñeventsò (or experiences).  It is the structure of events, in terms of 

the invariance laws defining an event, that drives the modulation of the brainôs reconstructive 

wave.  If we need to remember a set of events, then the more unique the structure of each event, 

the easier it is for the brain to achieve the unique modulated reconstructive 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, and, b) focusing on verbal materials so heavily in the experiments that 

the ecological nature of events is obscured.  I am going to spend just a moment relating our brain-

as-reconstructive-wave model to the standard literature of memory research.  

 

The Verbal Research 

 

       In the 1970ôs, memory research was dominated by experiments using some form of verbal 

material.  The initial paradigm was introduced by Herman Ebbinghaus in the 1890ôs.  Ebbinghaus 

introduced the use of ñnonsense syllables.ò  He experimented with learning and remembering lists 

of syllables like QEZ, PUJ, KAX, etc.  Another form involved lists of pairs like QEZ-PUJ or 

ZAK-WUX.  When presented QEZ again, you had to remember that PUJ was its pair. It was 

therefore Ebbinghaus's attempt to remove all semantics from the memory task. He had found it 

too easy to remember pairs like GRASS-SNAKE or SPOON-COFFEE due to the ñassociationsò 

already existing in his past experience.  This was the drive to get at the formation of the 

elementary ñitem-bond,ò e.g., between QEZ and PUJ, in its formation.  In essence, the attempt 

was being made to drive the human "device" as a far lower version of itself, what in computer 

terms would be called a ñsyntax-directedò processor.  The lists of QEZ-PUJ-like pairs were sets 

of arbitrary syntax rules, to be laboriously associated. This was to be the primitive process of 

association on pure display.  

 
     But as history would show, the "device" was far more powerful, and its true (holographic) 

properties kept intruding into these pure associationist experiments in 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 the powers of his ñdeviceò the next time QEZ (now ñFEZò) came 
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along (Figure 3.3).   In my graduate student days, in the 

1970ôs, there were still tons of nonsense syllable 

experiments being performed (and they continue a bit 

today).   My experience, in studying the vast literature on 

all these experiments, was one of walking deeper and 

deeper into a vast realm of trees grown and even 

sprouting everywhere.  There seemed no view possible of 

the forest.  Despite the apparent purity of the 

experimental verbal materials, there really was no 

experimental control at all over what the subject did in his 

head.  He was free to use imagery such as the Turkish 

person, or his experience of snakes, and so on. Soon the 

research field found itself having to deal with troublesome "variables" such as "meaningfulness," 

and "context" in the theoretical models of the process.  The mini-models of the ñprocessò and 

laws of memory began to get more and more complicated and difficult to grasp.  There was no 

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

primary, or that in fact, it is in the ecological case where the greatest experimental control resides.                                    

 

       A standard experiment in the verbal learning tradition of memory research has the 

experimental subjects learn a ñpaired-associateò list.  Below is a very short list (they usually run 

about 10-20 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 the pairs (first 

ñspoon,ò then ñcoffeeò)  are presented one by one.  It may take several complete presentations of 

the list to learn all the pairs.  

 

                                        List 1   

    

   SPOON-COFFEE   

   KNIFE-SOAP    

   BOTTLE-THIMBLE 

                             And so oné. 

   

         In the course of years of experiments, the daring discovery was made that if the subjects 

formed images of events for the pairs, learning was greatly sped up.
4
  For example, we imagine 

the SPOON stirring the COFFEE, or the KNIFE cutting flakes from the SOAP.   In other words 

we get a little more ecological, for now we are actually remembering events, 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 memory ï we have no true clue what events the subjects are imagining.     

      

         A more complex problem for learning word-pairs involves two lists.    

 

                                List 1 (A-B)     List 2 (A-C) 

  SPOON-COFFEE  SPOON-BATTER 

  KNIFE-SOAP   KNIFE-DOUGH 

  BOTTLE-THIMBLE  BOTTLE-PAN 

            

          Here the task is to learn the pairs of List 1, then turn right around and learn the pairs of List 

2.   But this is no easy task, since, if you notice, the ñAò portion of the pairs is always the same, 

e.g., SPOON-COFFEE (list 1) and SPOON-BATTER (list 2).   This leads to ñinterference,ò for 

when we see SPOON, what word will it redintegrate ï COFFEE or BATTER?  The response 

word from List 1 interferes with learning the word in List 2, and vice versa.   This interference 

Figure 3.3.  QEZ-PUJ ï the nonsense 

syllables transformed to a pudgy 

Turkish person with fez. 
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has led to countless theories as to what it is, how the word-pairs are stored in the brain, the nature 

of the memory ñtraceò in the brain (no one knows what a ñtraceò actually is), and so on.   

 

         I am going to ignore all the theoretical entanglements 

and go right to the ecological case.       Let us assume these 

are concrete events, enacted or perceived.   The subject 

stirs the coffee with the spoon, or stirs the batter with the 

spoon.  He cuts the soap with the knife, or cuts the dough.  

He pours water from the bottle into the pan, or into the 

thimble.   Now in the verbal case, after learning the lists, 

we would simply present the word ñSPOONò as a cue.   

But this is a very vague event; it has no specificity.  Which 

object, or which event will it redintegrate?  Even a 

concrete but static spoon, placed on the table before us, 

would have a questionable cueing power. We have at best 

the classic ñresponse competitionò model which was 

introduced by McGeoch, a theorist in 1942 (Figure 3.4).   

In the behaviorist terminology of the day, the ñstimulus,ò 

SPOON, activates both BATTER and COFFEE as 

possible ñresponses.ò In modern terminology, we would 

say both words are ñprimed.ò  In essence, we could say, 

we have sent a highly unconstrained wave though our 

holographic memory, as though we had a non-coherent wave containing frequencies f1 and f2, the 

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

 

      We can improve this by modulating the brainôs reconstructive wave to a precise or coherent 

frequency, correspondent with the original reference wave, e.g., f1, of the desired stored wave 

front.   And concretely, in terms of events, we must put greater constraints on the cue event.   For 

starters, a dynamism must be placed on the static spoon ï the circular motion of stirring.  But yet 

more precise constraint is needed to cue the proper event and object ï batter 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 case assuming it was in a bowl, or both.   The cue-event must force 

this precise dynamics and therefore modulatory pattern in the brain.   Had one of the pairs been 

SPOON-OATMEAL, where the spoon was being used to shovel-in the oatmeal, a quite different 

transformation, involving scooping and lifting, and with the weight, mass and consistency 

constraints implied by oatmeal, would be placed on the cue-event with its spoon. 

 

     With this in mind, one can imagine an impossibly difficult paired-associate paradigm as far as 

verbal learning experiments are concerned.   Weôll call it the ñA-Biñ paradigm.  A list would look 

as follows: 

                                                      A         Bi 

    SPOON-COFFEE 

    SPOON-BATTER 

    SPOON-OATMEAL 

    SPOON-BUTTER 

    SPOON-CORNFLAKES  

    SPOON-PEASOUP  

    SPOON-CATAPULT 

    SPOON-CHEESE 

    SPOON-TEETER TOTTER 

    And so oné 

Figure 3.4. McGeoch's Interference 

Model (1942).  Event A activates or 

reconstructs events B, C and D, or 

ñresponsesò B, C and D.  These 

events, B, C, D interfere with each 

other and make retrieving the 

desired memory difficult. 
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       It is ñimpossibleò since, in the purely verbal case, the stimulus words are exactly the same 

and the subject could have no clue what the appropriate response word is.  But assume that the 

subject concretely acts out each event of the "absurd" list ï stirring the coffee, stirring the batter, 

scooping/lifting the oatmeal, the cornflakes, cutting the cheese.   To effectively cue the 

remembering, as I have said, the dynamics of each cue-event must be unique, and the structure of 

invariance laws of an event in effect implies a structure of constraints. 

 

    These constraints may be ñparametricallyò varied, where increasing fidelity to the original 

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 resistance of 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 amplitude allowed by a bowl.   

The periodic (back and forth) motion of the hand may conform to the original ñadiabaticò 

invariance (the ratio of frequency/energy) within the event, or may diverge.  We can predict that 

with sufficiently precise transformations and constraints 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 constrained cue-event corresponds to a precise 

modulation (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 the re-presented event with a value reflecting how sure 

they that they previously seen it (how familiar).  The 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 the 

literature. They are just not realized as fits in the 

theoretical structure I have just described.  An example 

is found in a demonstration by Jenkins, Wald and 

Pittenger.
5
  Capitalizing on the notion of the optical flow 

field, they showed subjects a series of slides that had 

been taken at fixed intervals as a cameraman walked 

across the university campus mall (Figure 3.5).  Some 

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

subjects were shown various slides again and asked if 

they had seen the slide shown, they rejected easily any 

slide taken from a different perspective and which 

therefore did not share the same flow field invariant defined across the series.  Slides not 

originally seen, but which fit the series with 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 

subjects by 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 values defining a flow field.  We are 

seeing that redintegration, and therefore the brainôs retrieval dynamics, is indeed sensitive to this 

form of parameter manipulation. Other manipulations are possible, for example the slant of the 

 Figure 3.5.  A flow field is created 

while moving along the campus mall   
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gradient, the smoothness of the flow, the velocity of 

the flow, etc.                                                 

 

       We can consider, for example, presenting a 

simple static event of a field with a  schematic tree 

(Figure 3.6).  The trees in the figure have been 

grown with the precise mathematics defining real 

tree growth.
6
    The number of terminal branches (N) 

is a set function of height (H), N=k(H)
2
, while the 

diameter (D) of trunk or branches at any point is a 

function of remaining length to the tip, D=k(H).  

Suppose that one of the recognition items in our 

experiment is the leftmost or youngish 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 could re-represent the second tree, 

or third, or fourth tree and ask if this is recognized as part of the original set of items.  Familiarity 

ratings should drop the further we move along the age dimension.  More dynamically, a time-

accelerated view of the treeôs growth under certain parametric values can be used as the stimulus.  

For a dynamic event such as an approaching rugby ball, another value defined over the velocity 

flow of the approaching ball known as ñtime to contactò (which specifies the immanence of the 

object hitting us) can be varied increasingly from the original value.
7
     

                        

         Even what for us is a very slow event, namely, the aging of the facial profile, has its 

invariance structure.  Pittenger and Shaw, we saw, showed that this event can described and 

generated via a via strain transformations on a cardioid (Figure 2.10).  Their original experiments 

can be re-cast in this redintegration test framework.
8
  Originally the subjects looked at many pairs 

of faces, each face being generated by this law with varying values of the strain transformation, 

and judged each 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 successively presented to a subject.  On the 

recognition task, a face transformed by a certain parametric aging value is now presented.  

Familiarity values will be a function of the closeness to the transformation or strain value.   The 

aging transformation works for animal faces too, even for Volkswagens ï it can generate 

increasingly aging ñBeetles!ò  So we can have many different kinds of items in this test that 

eventually get aged (or un-aged) in a recognition phase. 

 

     All these are memory experiments that are either waiting to be done or implicitly have been 

done.  They demonstrate that memory and its supporting brain dynamics are extremely sensitive 

to the invariance structure of events and the actual ñparameterò values of the transformations 

involved.  The importance 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, namely neural networks or ñconnectionistò networks, are utterly incapable 

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 

ï to avoid an unfriendly tyrannosaurus (they were probably all unfriendly), to spot a saber tooth 

tiger, to survive.   Curiously, after perhaps forty years of memory research in the abstract verbal 

world, a small core of researchers based primarily in Sweden and Norway began, in the 1980ôs, to 

study memory in the ecological context.
9
  They now study what is termed ñSubject Performed 

Tasksò  (SPTs), where subjects concretely act out lists of commands such as ñbend the wire,ò or 

ñbreak the match.ò  The subjects are then asked to recall the series of actions.  Not surprisingly, 

Figure 3.6.   A generated, aging tree. 

(Adopted from Bingham, 1993) 
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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 acted-out lists of 20-30 events.  But the SPT group, along with the rest of 

cognitive psychology, has little in the way of a model as to how these experiences are ñstoredò or 

how or why actions retrieve the experience. 

 

        Standard memory theory likes to say that it is the ñdistinctivenessò of events that makes them 

easier to remember.  The distinctiveness might be a function of ñsets of featuresò of the event. 

The more ñdistinctiveò events A, B and C are, the easier it is to ñencode,ò even ñspecifically 

encode,ò these events in ñstorage,ò and the easier it is to cue each event for later recall.  Though 

there is no clue what this encoding could mean for events like stirring, theory has never gone 

beyond this vague equation.  Despite the fact that this distinctiveness/encoding formulation 

represents not one step beyond Wolfôs statement of 1732, memory theorists question the need for 

casting memory theory in terms of the invariance structure of events.  They ignore that it is 

precision of control of an event for modulating memory retrieval, in this case controlling a 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 difficulty that would exist in defining these 

invariance structures.  Unfortunately, discovering invariance laws is also the name of the game in 

science.  It also shows, to the chagrin of the memory theorists, that 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 between two 

approaching objects,
10

 volume related to  perceived heaviness,
11

  acoustic information for the 

motion of objects,
12

 spoon handling in children,
13

  perceived relative mass in physical collisions,
14

  

time-to-topple (say, of a bottle)
15

  walk-on-able slopes,
16

 sensitivity to the relation of period and 

length in pendulum motion,
17

  acoustical frequency in vessel filling (where sound pitch increases 

as a vessel is filled with liquid).
18

    

 

Remembering Baseball Games 

 

       We have begun with 

very concrete, ecological 

events.   This is where 

things start.  But two 

memory researchers,  

Vicente and Wang, saw 

that the same principles 

of memory hold for 

complex tasks in which 

levels of expertise can be 

developed, tasks such as 

chess, computer 

programming, industrial 

models of power plants, 

baseball, medical 

diagnosis, etc.
19

   In 

this context, a wide 

range of studies has shown an expertise effect in memory.   In chess, early work by Adrian de 

Groot asked four players of varying skill level to reconstruct meaningful board positions after 

only a few seconds of exposure.   The Master and Grandmaster level of players reconstructed the 

     Figure 3.7.  An abstraction hierarchy for baseball 
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boards with near-perfect accuracy, while the performance of the lesser players was less 

impressive.  It would later be discovered that 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 memory?   The answer is that there are expertise 

effects when there are constraints that experts can exploit to structure the events they are 

perceiving. The more constraint available, the greater the advantage.  In the chess example, the 

constraints determining possible patterns of chess positions are set by the rules of the game.  

These had been removed when the positions were random. The structure had been destroyed.   

The degree of the effect is proportional to the number of constraints removed.   When there are no 

goal relevant constraints present in the event to be remembered, the expert is reduced to the 

novice.                               

      

        To represent the constraints in these complex domains, Vicente and Wang would adopt a 

representation method termed an abstraction 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, specifically 

from the perspective of a decision making manager, is reproduced in Figure 3.7.   

 

        Imagine trying to remember this baseball vignette: 

  

 ...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 Whitcombôs goal is to throw a strike to load the bases.  The shortstop looks 

towards the outfield and home for wide lead-offs by the fielders, then throws a 

pitch for a strike.     

    

      This is an example of an event description with a good number of violations of constraints, or 

equivalently, violations of normal baseball event invariants, and therefore presenting greater 

difficulty for memory for the baseball expert. 

 

      We are all experts 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 the coffee cup.   

Describing these as invariance structures is the most appropriate approach.  Baseball itself 

consists of numerous sub-events that are invariance structures ï hitting the ball, catching the ball, 

throwing the ball, running, standing around, etc.   These themselves become larger invariance 

structures ï 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 

constraints relative to these events as a game.  

   

       The expert baseball fan sees the events playing out before him or her on the baseball field 

through this ñlensò of invariance laws.  It is a dynamic structure of perception gained only over 

concrete experience of playing and observing the game.   The expert computer programmer 

likewise looks at system diagrams, program code structure, even core-memory dumps of problem 

programs through such a similar, dynamic ñlensò of invariance.  As we shall see, this increasingly 

complex perception is the growth of a skill.  It is a skill based in something that the computer 

model of mind will  never support ï the invariance laws of concrete events. 
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Neural Networks versus Redintegration 

 

      Neural network models or ñconnectionistò models have, in essence, been trying to account for 

redintegration for some time, sometimes in models of paired-associate learning, sometimes in 

models of semantic learning, though both cases, we shall see, are rather equivalent.  The realm 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, consciousness, analogy, and much more.  Virtually 

nothing in the sphere of mind seems out of its reach. In a word, connectionism today is the 

gorilla on the block; it  is the dominant, paradigm-occupying force in the also dominant robotic or 

machine theory of mind. The ever-expanding breadth of its application is the attempt, with no 

effort being spared, to show that it is a truly general theory of mind. I am going to describe here 

two very recent connectionist models, both claiming great power and generality.  I want us to see 

how bankrupt connectionism is in the context of real, ecological events. The first model, 

appearing in the highly prestigious journal, Behavioral and Brain Sciences, is by the network 

theorists, Rogers and McClelland.
20 

  

       A neural network 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.  This is done by adjusting the 

connection strengths of the various units to each other.   Figure 3.8 shows a network of the 

Rogers and McClelland type that learns ñsemantics.ò  Thus when the Input unit (on the left) for 

CANARY is turned on (or firing), as well as the 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.  

 

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 the connection weights of the network takes many ñepochsò or cycles of training ï 

giving the network an input, adjusting the connection weights so the output units fire with the 

correct pattern strength.  This is termed ñerror training.ò  For a given input, such as CANARY 

CAN, the ñerrorò of each output unit, that is the numerical distance from its correct response 

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 network, when 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 covariation.  The network is in effect learning statistical probabilities, essentially how 

things tend to occur (or co-vary) with one another.  The fact, for example, that ñflyingò and 

ñsingingò tend to occur consistently with robins while the color ñredò may occur with good 

likelihood for both flowers and robins tends to pull the connection weights 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 concrete events.  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.   The network is being trained to predict the ñsequelaeò of various situations, i.e., the 

events expected to follow in time. 

   

Ecological Events and Neural Nets 

 

        While Rogers and McClelland assert these networks have entered the ecological realm of 

events, let us actually consider such an event: letôs make it ñstirring coffee in a cup, using a 

spoon.ò  This event has a time-extended invariance structure.  Thus, the swirling coffee surface is 

a radial flow field. The constant size of the cup, should it move 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 a tau ratio defined over this flow field; it 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 the cup.  The 

periodic motion of the spoon is a ñhapticò (meaning the information in touch) flow field.  This 

haptic field carries what physics terms an ñadiabaticò invariance ï a constant ratio of the energy 

of oscillation to frequency of oscillation.   The action of wielding the spoon is defined by an 

ñinertial tensor.ò This is a matrix whose values describe the spoonôs resistance to angular 

acceleration.  Note this extremely concrete, physical information ï forces, masses, weights, 

motions. It is as concrete, as physically dynamic, as the fields and forces of an  electric motor.  It 

is this entire informational structure and far more that must be supported, globally, over time, by 

a neural network ï by the resonant feedback among visual, motor, auditory, even the prefrontal 

areas of the brain that deal with plans for action.   

 

      Now we can imagine that we have trained the network of figure 3.10 with 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, etc.  In Rogers and 

McClellandôs formulation, I would present SPOON in the context, CAN, and the network is 

trained, looking at  errors in the responses and making the needed connection weight adjustments, 
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to respond with STIR. In the causal ñinterpretationò of the networkôs response, after the example 

of the robin on the branch,  the network is predicting the accompanying events weôd expect on 

seeing a SPOON moving within the cup of coffee, for example, the circular motion of the coffee 

liquid,  the clinking sound, the haptic or muscular feel of the periodic motion, etc.  

 

        But what sense is this?  This is a remnant of the supremely non-ecological verbal learning 

tradition, its roots in the semantics-eradication program of Ebbinghaus, which ultimately 

bifurcated events arbitrarily into components, e.g., SPOON and STIR, then asked: how do we 

learn these components as a paired-associate pair?    In reality, we are perceiving the spoon as an 

integral part of a stirring event, with all the eventôs ongoing invariance structure.  Where is the 

ñerror?ò  We need no weight adjustments to ñlinkò the event ñcomponentsò to a proper output 

pattern.  The ñcomponentsò are already integrally ñlinkedò in the dynamic physics of stirring.  For 

there to be a stirring at all, there must be a liquid, its resistance, an instrument moving the liquid, 

a force behind it, a spatial constraint on the liquid (such as a cup), a periodic motion, etc., etc.  

These are not ñcomponentsò that must be laboriously associated.   

 

      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 digging 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, cut]. Again we can ask, if 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 cue-event; it is underspecified, yet common to all.   It is like sending an imprecise 

reconstructive wave with little coherence through a hologram ï we reconstruct a composite image 

of multiple recorded wave fronts, in this case, spoon-related events.  It is the classic interference 

of McGeoch.  The brainôs neural network does not require ñerror-trainingò to specify this set.
21

   

This is a completely crazy, Ebbinghaus-like concept of the neural network theorists.  

 

       But, as we have seen, we can retrieve specific events.  The cue must have the same 

invariance structure or a sufficient subset.  For the coffee stirring, we re-present an abstract 

rendering of the coffeeôs radial flow field, or simulate the inertial tensor of the wielding.  We are 

creating, globally throughout the brain, a more constrained, more coherent ñreconstructive wave.ò  

To reconstruct the batter-stirring event as opposed to the coffee-stirring, we must constrain our 

wielding cue differently to capture the larger amplitude of the stirring motion and/or the greater 

resistance of the batter. 

 

        The ñcoherent covariationò that these networks detect is essentially a low order form of 

invariance, what I shall term a syntactic invariance.  Though we will discuss syntax and syntax 

rules more fully in Chapter V,  syntactic invariance is of a very low order; as low an order as facts 

like the nonsense syllable QEZ always occurs with PUJ, or WUX with GEK.  This is but a simple 

spatial conjunction of objects. Object X is always found by Y.  And this is the very definition of 

syntax: laws for the legal concatenation or juxtaposition of objects.
22

  It is a purely spatial 

operation  ï in the sense of the classical abstract 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 meaningless ï pure syntax rules.  This level or form of invariance is utterly 

insufficient to capture the dynamic transformations, forces, fields and invariance involved in 

time-extended events like coffee stirring.  This is where the semantics resides.   

 

Neural Networks versus the Turing Test 

 

       It is a simple fact that we have no problem understanding, ñA SPOON can CATAPULT (a 
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pea),ò for the spoon, we  know, can be inserted in, and supports the forces/invariance structure of, 

catapulting.   Does this mean that the network would have to be trained, specifically, with 

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

model, without the appropriate connection weights being trained up, the network would have no 

ñknowledgeò about this fact.  Does this mean that the network has to be trained for events like, 

ñA spoon can hammer,ò or ñA spoon can mash,ò or ñA spoon can make music,ò etc.?  Yes, it 

does.  What this means is that the network would have to be trained for every possible, 

unforeseen event in which a spoon 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.   The ñTuring Testò is a well known 

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 a human.  The procedure is for the tester to ask written 

questions 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.  For Ray Kurzweil, this should be 

well before 2045, the year when robots eclipse us.    

  

       French, gave a devastating critique of this possibility.
23

 He argued that no computer will ever 

pass a test where its answers were compared to humans for questions such as:  

 

¶ ñRate purses as weapons,ò 

¶ ñRate jackets as blankets,ò  

¶ ñRate knives as spoons,ò 

¶ ñRate banana splits as medicine.ò  

 

       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 transformation.  Knives can stir coffee just 

fine, but are lousy for eating soup.  But computers would need to store the experience of the 

human being.  For this, symbols, syntax rules and data structures will not do.  Nor will neural 

networks. The problem equally holds for evaluations of statements such as: 

 

¶ ñA credit card is like a catapult,ò 

¶ ñA credit card is like a fan.ò
24

 

 

      The list is endless.  Says French, ñéno a priori property list for ócredit card,ô short of all of 

our life experience could accommodate all possible utterances of the form, óA credit card is like 

Xô.ò
25

  But what is experience?  What is it other than perceived events, ongoing over time, which 

have an invariance structure?   Without the ability to support the invariance structure of events, 

the neural network models have no chance of ñstoringò the requisite experience. Lacking this, as 

French too noted, ultimately these networks, yes, the very networks of Rogers and McClelland,  

would have to program (or train the connection weights) for all possible pairs of objects and 

actions ï and even this massive syntactic rule pairing would still be woefully insufficient.  Re this 

critique, effectively an impossibility proof for connectionist networks, the connectionist theoristsô 

response has been:  Insert head in sand.  

 

         What is happening, then, when we rate ña knife as a spoon?ò  It can be described as this: it 

is the projection of the transformational dynamics of an invariance structure upon a possible 

component.  We place the knife within a coffee-stirring event and see if it can ñhold up,ò that is, 
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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) or as fans (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 precisely, each is fair game for insertion into an infinity of invariance 

structures.   

 

The Analogy Defines the Features 

 

       Note that these statements ï a credit card is like a 

catapult, a credit card is like a fan, a spoon is like a 

catapult  ï are analogies.  To account for analogy, one 

cannot begin with a preset list of features. The features 

emerge under the transformation.  In effect, the analogy 

defines the features.  

 

    Consider being asked to design a mousetrap. We 

are provided with several components: a piece of cheese, 

rubber bands, a 12ò cubical box, pencils, a razor blade, 

toothpicks (the strong kind), a rubber eraser, string, tacks.  

We might attempt to list all the ñfeaturesò of each object.  

But what actually happens in thought?   Our aim may be 

killing the creature, but there is no useable content in a 

purely abstract ñkilling.ò  Killing is an invariance across concrete forms of killing.  So perhaps I 

contemplate crossbow shooting (Figure 3.9).  This places the potential components within a 

dynamic transformational structure.   The stretch-ability and force of the rubber bands emerges,  

the sharpness and straightness of the pencils, the ñanchoringò potential of the side of the box to 

which I will tack the rubber bands, etc.    The toothpick holds the pencil back, the string is 

attached to the cheese and toothpick. These features become a (newly created) ñobject languageò 

I could provide a solution program.   Or, contemplating beheading by axe, the length and 

requisite strength of the pencil emerges.  I can groove the pencil and wedge the razorblade in to 

make an axe.  The ñcontainerò property of the box corner emerges, as I can prop the raised pencil-

axe in the corner, a toothpick will prop it up, a rubber band  tied to the pencil and tacked to the 

ñanchoringò feature of the floor will provide downward force, etc.                                              

                                            

      These ñfeaturesò or ñpropertiesò of the objects dynamically emerge as a function of the 

transformations placed upon them via the invariance structure and the constraints naturally 

specified by the proposed structure, e.g., the crossbow requires anchoring points for the bowstring 

ï the rigidity of the box can provide these.   They cannot be all pre-set.  New ones will always 

emerge.  This is the 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 determining the nature of the ñdeviceò that we actually are.  The concept 

is not originally mine, though it may have first appeared in my 1976 thesis, I donôt really know.  

When I arrived at the Minnesota graduate school in 1970, fresh from the Marines, there was a 

young graduate 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 an anti-war philosophy.  He had a 

degree in physics and was brilliant. It took him a couple of years to come to the opinion that I was 

Figure 3.9.  The Crossbow Mousetrap 
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not a complete idiot     

 

        Jim and I took a canoe trip one September in Quetico park in Canada, just above the 

Minnesota border.  We were out nine days, and traveled over a hundred miles.  At the 

northernmost apex of the trip, probably forty miles above the border, we 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 quarter mile distant from the island.  

The whole lake moved by the island and 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 the mists rising from the tumbling flows, Jim and I talked about the 

theory of mind, language, Shawôs notion of ñcoalitionsò as the form of organization of the brain. 

In this discussion, Jim, in his slow, considered style, stated out of nowhere that he was coming to 

the conclusion  that, ñit is the analogy that defines the features.ò   I did not understand the 

implications at the time, but what Jim had seen was radical,  far beyond the grasp of the computer 

modelers of mind ï 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, near-ecstatic state.  It seemed to me a near-mystical state.  He 

spoke of being in a new state of consciousness, one towards which many of us were moving.  

When I left, he seemed ok, but this state degenerated later, early in the morning.  He began seeing 

Nixon flying around the sky.  He was taken to the hospital.  His family, it turned out, had this 

problem running in their history.  He was eventually put long term on a drug that suppressed the 

episodes, but made it impossible for him to concentrate, destroying the life of the mind in which 

he had his being.  He became so depressed over this, he slashed his wrists a few months later.  

We lost the unique exposition he would have given us.  

 

AI and the Problem of Analogy 

 

     Analogy is the fundamental basis of thought and language.  The just 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 basis of language.  Language is littered with ñdeadò metaphors that are 

simply not recognized as such, for example, ñHe grasped the concept,ò or ñHe jumped right on 

the task.ò   If you cannot support analogy, you have no theory of intelligence. You cannot support 

thought.  You have no theory of cognition.   

 

      AI comes in two major flavors.  One, neural networks, we have just seen.  The other can be 

termed the ñsymbolic manipulationò paradigm.  This latter was the first to be developed, starting 

roughly in the 1960ôs.  This too we have seen.  The GPS program of Newell and Simon (Chapter 

I) was an example. Connectionist models were considered more near the biological, and had the 

advantage of a natural learning process through their weight adjustments.  Both 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 doesnôt actually matter. Neither can support 

analogy.  Both end at the same place.  

 

      We have seen (some of) the problems of the neural networks in this regards.   The symbolic 

programming method has proffered several models for analogy making, the most famous of these 

being the Structure Mapping Engine (SME).
26

  To SME, as in all AI,  the features define the 

analogy.  Thus SME treats analogy as a mapping of structural relations relative to pre-defined 
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features.  The solar system, for example, and the Rutherford 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), etc.   Douglas Hoftstadter (author of Gödel, 

Escher, Bach), with his former students, yup, Robert French and David Chalmers, level a heavy 

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

and relations beforehand, and with this setup given, the purely syntactical, nearly ñcanôt missò 

algorithmic or proof procedure that follows.  The resultant discovery of analogy is, to quote these 

critics, a ñhollow victory.ò 
27

  

 

      BACON, as another example, attacks Keplerôs problem of discovering the law of planetary 

orbits. It quickly 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 variables ï the 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.
28

  Kepler, French notes, took 13 years to sift through the data and flawed concepts of 

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 analogy is based cannot be preset, pre-defined.  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, non-differentiable flow of time.  It is supported only over concrete 

experience or the remembrance thereof, i.e., it is carried only over the transforming images or the 

figural mode.    AI ï based in an abstract time and without a theory of perception ï can support 

neither of these requirements for analogy.   It has, therefore, not a prayer as a theory of cognition.  

 

       An AI theorist, Eric Dietrich, in an essay (2001) wherein he arrived at the principle that it is 

the analogy that is defining the features, discussed what he termed ñanalogical reminding.ò
29

   

Walking in an alley, he spots a configuration of garbage cans. Instantly it becomes 

ñGarbagehenge.ò   In essence, the static structure of the garbage cans has driven recall of past 

experiences of Stonehenge, whether visits or pictures; the lowly garbage cans are now exalted in 

what we can call an ñanalogicò event.  In this little example,  Dietrich 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 redintegration. The lowly garbage cans were 

simply a ñstaticò event.  We have been dealing with events that are far more dynamic ï 

continuous transformations or change in the external field.  Connectionism begs the description of 

this change.  It starts after it has crystalized and frozen this change into objects and ñproperties.ò   

But it is real, concrete, changing events that drive the brain.   Events have a structure and the 

neural architecture must respond to this structure.  It is the invariance laws of events that drive the 

fundamental memory retrieval operation supporting analogy.   

   

DORA: An Explicit  Connectionist Model of Analogy  

 

        Though the Rogers and McClelland model is in effect a model of analogy, a bad one, it 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 must account for this, and this model, 

appearing in the prestigious journal Psychological Review is both typical and perhaps the height 

of their efforts.  My intent here is rather ruthless, for I wish to erase all doubt that the neural 

network or connectionist paradigm has the proverbial snowballôs chance of accounting for this 

all-important function of mind.  
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     Doumas, Hummel and Sandhofer 

present a model  (DORA, or the Discovery 

of Relations by Analogy) for the learning 

of relational concepts.
30

     The model 

begins with what the authors term an 

ñholistic representation of objects.ò  A 

ñcupò would have an associated set of 

features, represented by semantic units 

(Figure 3.10a).   A ñpropositionò in this 

framework ï simply a sentence like, ñA 

cup is bigger than a thimbleò  ï is 

represented in the form:  bigger (cup, 

thimble).  Propositions are represented in four layers (Figure 3.10b), with the just-noted bottom 

layer of semantic units encoding features.  These ñfeaturesò the authors term ñinvariantsò (very 

questionably we shall see)  include things such as ñvisual invariantsò (round, square), relational 

invariants (more, less, same), dimensional invariants (size-3, size-5, color-red), complex 

perceptual/cognitive properties (furry, barks), category information (apple, dog).  (In this scheme, 

ñsize-5ò is a larger size of something on the ñsizeò dimension than a ñsize-3.ò )   
 

     The units of the second layer ï predicate and object units (PO) ï code for individual predicates 

(relational roles or attributes) and objects.  A symbol for the object cup in the proposition  bigger 

(cup, thimble) is connected to a set of semantics corresponding to the features of cup (round, 

handle, shiny) while the symbol for the relational role larger is connected to a set of semantic 

units corresponding to its (the relational roleôs) features.   The next layer, the role-binding (RB) 

units, encodes the bindings of relational roles to their ñfillers.ò  In our sample proposition, 

bigger(cup, thimble), cup  and thimble are the ñfillersò in the relation bigger than.  Thus, in the 

proposition bigger (cup, thimble) there is an RB unit representing the binding larger(cup) and  an 

RB unit for smaller(thimble).  The final layer is comprised of a set of proposition (P) units which 

binds RBs in multi-place relations, where our bigger(cup, thimble) is a such a multi-place (here a 

two-place) relation.     

 

      This scheme or system, the connectionist theorists like to say, is compositional.  We are 

ñcomposingò the multi-place relation bigger(cup, thimble) from the lower level elements.  

Compositionality is considered a big thing in Cognitive Science theory ever since a prominent 

theorist, Jerry Fodor, declared it to be a critical 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 ñfeatures.ò)  Weôll visit the true origin of compositionality for a bit in Chapter 

V.    

 

       We can neglect the modelôs process for the formation of these connections.  What I wish to 

note immediately is that the authors acknowledge that while the model is developed almost solely 

in the context of dimensional relations such as larger or smaller (where the model will employ 

units for comparisons like ñsize-3ò versus ñsize-6ò) they insist that the model will equally hold 

for the relations involved in events. In their example, they use the event of chasing.    A relation 

such as chasing, they argue, differs from one such as bigger only in the semantic features 

composing it.  When a child chases a dog or a butterfly, he can compare the experiences and 

ñpredicate what it feels likeò to be a chaser.  The semantic features attached to the feeling are 

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 learn, via a key operation for the model, namely the 

Figure 3.10. The structure of propositions in DORA 
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operation of comparing these experiences/events,  that chase is a two-role relation in which both 

objects are in motion, both experience excitement, but one object wishes to catch while the other 

wishes to escape. 

 

       The model, the authors note, does not speak to where the semantic invariants underlying 

chases come from, but it does speak to the question of how they eventually become predicates 

that can take arguments and can therefore support complex relational 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 structures (like we have seen above), 

and that DORAôs learning mechanisms can convert these into explicit predicates and relations 

that make reasoning possible.   

 

       This claim is the critical issue.   The claim, we saw, can equally be found, in only slightly 

less explicit form, in the extensive connectionist model of semantic cognition of Rogers and 

McClelland.  Doumas et. al state explicitly what has been an implicit assumption of 

connectionism, namely this:  a connectionist cognitive/memory architecture can simply inherit the 

results of perceptual processing ï the ñsemantic invariantsò ï and begin from there.  This, is not 

the case.  An ñinvariantò has been trivialized here.  It has become merely a static feature 

connectionist theory presumes it can use as an abstract object in a rule system.  This is the 

fundamental, ñsimplifying assumptionò of connectionism, namely, that the world and its events 

can parsed into a set of static properties, features, ñinvariantsò that now become food/symbols for 

a connectionist rule/relating system.  We have seen that the fundamental operation of memory, 

redintegration, is driven by the invariance laws defined over time-flowing ecological events ï 

invariants that do not exist in an ñinstant.ò These events cannot be reduced to static properties, 

features, or ñinvariantsò inherited from perception as connectionist models use this term.  The 

very processes of perception ï concrete, physical, dynamic, flowing in time and unusable by 

connectionism ï are already the basis for, and operating in, redintegrative memory retrieval, long 

before connectionist networks even engage in the subject after their simplifying assumption.  

  

Event ñGeonsò and the Real Origin of Event ñFeaturesò 

 

       The spoon-stirring-coffee event 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 

higher order concept covering a very complex transformation.  Under this, the spoon is ñcreating 

a force,ò it is ñpushing the liquid,ò the liquid ñis moving in a radial, complex pattern of motion,ò 

the spoon is ñclinkingò against the side of the cup, it is ñconstrainedò to a certain radius, it has a 

ñperiodicity,ò it is ñrigid,ò it has a certain ñflatness,ò but has a ñcup-like quality,ò it is ñshiny.ò  

All these are complex patterns, for the visual motion as complex as a flow field, or for the handôs 

motion as complex as the ñwieldingò of the spoon where there is an inertial tensor (a set of 

forces) and adiabatic (frequency/energy) invariant.    The above is an arbitrary set.  None are truly 

separate, the event does not happen without the spoon, the forces, the liquid, the container.   

 

      Meanwhile, across the table, big sister is using the spoon to scoop cereal.  Again, another 

complex transformation.  The spoon is 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 ladling soup ï another complex transformation.  Yes, it makes sense 

to ask, given a SPOON, what can it do?  But we know it makes no sense to be attempting, via 

weight adjustments, to re-link spoon to stir, or spoon to scoop, or spoon to ladle.  These events 

(spoon stirring, spoon ladling) are already inseparably whole events.  What does make sense is to 
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ask how SPOON, as a cue, can redintegrate a set of events in which it participated.  But this is an 

entirely different operation, as we shall discuss.   

 

      Now we imagine a set of stirring events ï a spoon stirring cereal, a spoon stirring soup, a 

spatula stirring cake batter, a board stirring cement (Figure 3.11).  Considering just the general 

visual form ï the radial flow field ï there will be an invariant form across all these events.  But to 

obtain it, there is first an important and disturbing implication for memory.  As a position in 

memory theory, known as exemplar theory, insists upon, all our experiences of these stirring 

events must be stored.
31

  The abstract invariant, stirring-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 abstract feature, call it ñswirlò ï in truth, merely a higher order invariance across the 

radial flow patterns of all these events.  This we could ñattachò or link to an abstract STIRRED 

relation-unit (or STIRRER?  Both?), though the notion of a ñlinkò between it and sub-units 

becomes clearly a bad misrepresentation of the reality here ï it is already inextricably part of all 

the events over which it emerges as an invariance.  So also we could ñattachò an abstract 

ñwielding,ò an abstract ñclinking,ò an abstract ñconstrained-to-a-circleò motion of an abstract 

instrument, an abstract òresistance to the motion,ò an abstract ñimmobility of the container,ò etc., 

etc.   And how could this operation, defining an invariance across the ñstackò of events, happen?  

                                      

         We require an operation that takes an entire stack of 

fully specified (multi-modal, time-extended) events, much like 

the computer scientist, Gelernter envisioned, collapsing them 

such that the invariants stand out, the variants becoming 

noise.
32

  As we have seen, the classic, concrete embodiment of 

such an operation is exemplified by the recording of a 

succession of n wave fronts on a hologram.  In Figure 1.4 we 

used different objects ï a pyramid/ball, a cup.  Now we 

imagine using simply different cups, where each cup is of a 

different form.  With each object wave reflected from a given 

cup,  we pair a unique reference wave of frequency, fi, creating 

a unique interference pattern for each recorded object-wave/reference wave pair.  By then 

modulating a reconstructive wave  passing through the hologram to each successive frequency, fi, 

we reconstruct the image of each cup uniquely.  But if we employ a less than coherent 

reconstructive wave, a composite of fi thru fn, 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 cup ï the cups were a whole ï and only through the operation 

did separate ñfeaturesò stand out.  

 

       These higher order invariants ï in essence, classes ï emerging via our reconstructive wave 

operation, are the ñinvariantsò DORA intuitively assumes exist, and which it can use.  But these 

exist only over the complex invariance structures and dynamic time-extended patterns we have 

discussed.  It is not just cups, it is time-extended events like stirring. The invariantsô emergence is 

dependent, in this scenario, on a form of redintegrative memory operation, retrieving 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 operation now occurs to carve the invariants into 

independent ñfeatureò units that are now linked to a ñrelationò in a loose conglomerate.  

 

    Curiously, Doumas et al. approvingly invoke the JIM or ñgeonò model (see Chapter II, Figure 

2.2) as a prime example of one of connectionismôs ñtriumphs,ò in this case in the realm of object 

recognition. We have seen that this is absurd; Shaw and McIntyreôs wobbly cube destroys this 

Figure 3.11.  A ñstackò of coffee 

stirring events. 
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static model.  Further we noted that the geon turned out to be a handy way to hold the features of 

the cube together as a whole, else the separately stored features could be put back together in all 

kinds of ways, none looking like the original cube.  The ñgeonò here was the handy picture on the 

top of the puzzle box that gives us a clue on how to fit the puzzle pieces together.   Yet we have 

the same problem for the ñeventsò of connectionism in general. Even if we had this set of 

complex features linked to the relation, we are in the same shape as in the decomposition of the 

cube into features.  Now we need ñevent geons,ò and particularly here, a stirring geon, for in the 

decomposition of the stirring event (both arbitrary and with no definable limit to the number of 

ñfeaturesò) into static feature units attached to an abstract ñrelationò unit, we have lost the global 

picture of the transformation.  

 

       If you have lost the global picture of the transformation, you have lost the ability to form 

analogies.  You can no longer place a pencil in a stirring transformation or stirring event and see 

if it will work, that is, see if the requisite ñfeaturesò will emerge.  Nor can you place a spoon in a 

catapulting event.  You have no events.  You have no analogies. 

 

The DORA Comparator: ñFeaturesò = Whole Events 

 

         DORA employs a comparison process across what it calls ñevents,ò or better, partial 

fragments of events, but it starts this higher up its hierarchical structure (of Figure 3.10).   As it 

assumes there is a feature-fragmentation accomplished (somehow) by perception, let 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 might bring spoon and spatula 

into memory, and find a common ñfeature,ò namely, ñstirrer.ò  This stimulates the birth of the 

explicit property, ñstirrer,ò and this can be bound to each object, such that we have stirrer(spoon), 

or stirrer(spatula).  Every feature in common between the two objects, according to DORA, is 

also linked to this relation (stirrer).   

 

      This is the first problem:  If ñstirrerò is a feature of these two objects, how can this ñfeatureò 

possibly be other than a full stirring event with its invariance structure?  Just what is a ñpartialò 

stirring event such that we only have a ñstirrerò as a feature?  Now, to find these two ñfeaturesò of 

the two objects the ñsame,ò we must be implicitly comparing the two events.  But the two events 

ï spatula stirring of a cake batter and coffee stirring ï have similar but different radial flow fields, 

different values of wielding, periodicities, acoustics, etc.  How does the model (with only its 

abstract symbols and tokens) determine these two ñfeaturesò are the ñsame?ò   How does it does it 

achieve this without an actual physical comparison?  

 

     The second problem:  Figure 3.12 shows the dilemma, for there I attached features to spoon 

such as wielding-1 (i.e., some arbitrary ñvalueò for wielding the spoon), circling, rigid, etc.   Are 

these part of the object, or part of the event in which the object participated?  In reality, they are 

part of stirring.  If they are part of the spoon, how are they the ñsameò as the spatulaôs?  
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       The third problem:  In 

DORA, all features the two 

objects share in common are 

attached to the newly formed 

stirrer relation.  The spoon 

occasionally sits on a surface, so 

does the spatula.  Both are 

occasionally washed.  DORA 

contains a ñpruningò process to 

rid predicates of such extraneous 

features, but unless two objects 

are compared, where one object 

stirs but is never washed nor rests 

on a surface, these features could 

not be pruned and would remain 

with stirrer forever.   This is nonsensical.  How could these features (resting, being washed) 

possibly have been part of a stirring event (relation) in the first place?  

   

       The origin of these dilemmas is the fundamental ñsimplifying assumptionò of connectionism 

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, an object-event  is always itself 

nested in some event ï the spoon at rest is an event, or the spoon is stirring, it is scooping, it is 

cutting cheese, it is catapulting a pea.  Its ñpropertiesò emerge over or during the specific event.  

It is events that are primary.  And events have a structure over time that is resolutely ignored only 

with the consequences above. The cheese-cutting spoon, the soup-stirring spoon, the pea-

catapulting spoon ï all show different properties that are not ñdirectly apparentò in the resting 

spoon.  ñPropertiesò of objects are always functions of events.  

 

DORA the Brittle  

 

         I can take the analysis of DORA relative to actual, ecological events no further, for other 

than the brief comments on chasing, the modelôs  mechanism for actually engaging concrete 

events is in fact non-existent. There is no algorithmic engine to create the proposition 

stirring (spoon, coffee) from the single place predicates such as stirring(spoon) (which themselves 

have the strange origins noted).  The current engine is a comparator that operates on propositions 

which have a dimensional value (for example, dimensions such as size, height, length, weight).   

If DORA ñthinksò about a DOG of size-6 and a CAT of size-4, the comparator, detecting the 

dimensional value,  links a ñmoreò relation to the size-6 (or ñmore+size-6ò)  related to the DOG 

and a ñless+size-4ò for the CAT.   If this pattern reminds DORA of a previous comparison of the 

same type between a BEAR (more+size-9) and a FOX (less+size-5),  a further operation now 

compares the CAT and DOG units to the similar setup for the BEAR and FOX, eventually 

spawning a new unit, BIGGER, bound to BEAR and FOX or Bigger(BEAR, FOX).    

 

       Given the complexities of the subject of analogy with the concrete dynamics of the events 

involved, this is an extremely low-horsepower analytical engine, something like opening the hood 

of your Mercedes and discovering forty-two chipmunks winding a rubber band. Obviously, a 

quite different engine is needed to create an ecological ñpredicateò such as stir(spoon, coffee).   

There are no handy, nicely programmer-provided values such as ñsize-6ò or ñsize-4ò to rely upon. 

 

        I will submit that any system proposed will have, lurking in the background, the implicit 

knowledge of the dynamic structure of each event (e.g., stirring) it is dealing with.  Without such 

Figure 3.12.   A DORA-like proposition structure for stirring 
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event structure constraints, what would prevent DORA from thinking about stirrer (spoon) and 

chased(Mary), and ñbeing reminded of a previous comparison,ò stirrer (spatula) and chased(Joe), 

proceeding to derive stirring (spatula, Joe), i.e., the spatula stirs Joe?     

 

      The proposition, stirring(spatula, Joe), is the essence of a syntactic ñfailure of reference.ò   As 

a sentence, it takes its place with other sentences that are syntactically correct but seem to have no 

semantic justification: 

 

1.  The leaf attacked the building 

2.  The shadows are waterproof.  

3.  The spatula stirred Joe.  

4.  The building smoked the leaf. 

 

       Katz and Fodor, early in the game, tried to solve this problem by ñsemantic markersò 

assigned to each lexical item in what is termed the ñdeep structureò of a sentence.
33

  These 

ñmarkersò were simply syntactic rules trying to represent physical constraints ï rules attempting 

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

denoting it as inanimate among other things, while "attack" would receive a marker requiring its 

use with an animate object.  Having incompatible semantic markers, such a system brands the 

sentence as meaningless.  ñStirringò would have been tagged with a marker requiring its object to 

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 perfectly interpreted as meaning that 

we can throw as much water on shadows as we like and they will be unharmed.    As for (3), we 

can easily make sense of this sentence, ñThe bad architecture of the software system is like a 

spatula, stirring Joe, the programmer, into an anxious mess.ò  Such facts quickly lead to "rules for 

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 unsolved problem of AI.  It is termed the 

problem of commonsense knowledge.  Analogy is simply an aspect of this general problem.  The 

ability to see that purses can be weapons,  or spoons can be catapults is part and parcel of this 

general problem.   Its source is in AIôs inability to deal with the invariance structure of events, 

itself a problem of perception and time.  We will see this in another light (Chapter V) when we 

visit the support invoked from AI by apologists for the theory of evolution. 

 

DORA: Fully Mired  in Frenchôs Impossibility  

 

        In the DORA model, the creation of BIGGER rested on the setup of the dimensional 

features, e.g., size-5, feeding its comparator.  Ignoring for the moment that DORAôs comparator 

is not even close to something that can handle actual, ecological events, let us suppose we have 

formed single place predicates (SPs) such as stirred(coffee), stirrer(spoon), and stirred(paint), 

stirrer(paint-stick).  According to the model, a pair of single place predicates enters working 

memory, in this case stirred(coffee) and stirrer(spoon).  These are ñmappedò as a unit onto other 

SPs, in this case stirred(paint) and stirrer(paint-stick).   This mapping serves as a signal to link 

the SPs into a larger predicate structure, thus stir(spoon, coffee) and/or stir(paint-stick, paint).   

 

       This is simply a syntactic mapping.  It is simply a proof procedure carried out in a fixed 

ñobject languageò or categorization of the world.  It has nothing to do with analogy.  It is based 

on the fact that we attached ñstirrerò as a feature to spoon, and ñstirredò as a feature to coffee.  

Given the precise setup of the SPs, the mapping can occur via an algorithm. Without 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 as stir(knife, coffee) or catapult(spoon, pea) without this setup.  

Again, it is another example of the validity of Frenchôs critique. There is nothing in the network, 

unless it has been specifically trained, and the ñfeaturesò specifically set up, that would support 

these relations.  The knowledge which supports these resides in the invariance structure of events, 

and these structures are nowhere near representation in this model.  The real problem, we saw, is 

the ability to create object languages.  

    

      We have already noted the helplessness of these kinds of analogy models without this 

ñprecise setup,ò for example, SMEôs treatment of the solar system and the Rutherford atom with 

the features of each nicely predefined, and with this setup provided, the purely syntactical, nearly 

ñcanôt missò algorithmic procedure that follows, and, as noted, the resultant ñhollow victory.ò      

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 commonsense knowledge. 

   

       Experience has taught me that connectionist theorists, invariably failing to grasp the general 

point here on the existence and nature of invariance structures defined over dynamic events and 

the necessity to actually engage invariance laws,  will simply point to some other connectionist 

model undiscussed here, this other model being the ñanswer.ò  Indeed DORA is but one of 

several implementations of connectionist architectures which aim to implement the construction 

of analogy.  One that was pointed out to me as purportedly far superior to DORA was the Vector 

Symbolic Architecture.  This is an effort to implement a more biologically plausible, more 

efficient architecture without using the troublesome backpropagation (the manual, error/weight 

adjustment) method of DORA.
34

   Nevertheless, the fundamental view of analogy is exactly the 

same across this and all these models, namely,  analogy 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 binding ties fillers (Spoon, 

Coffee) with roles (Stirrer, Stirred), and where bundling combines these role/filler bindings to 

produce larger structures, e.g., stirred(spoon, coffee).  Therefore the very elements of the 

composition, i.e., the features of objects, must be predefined, the values set, the relations fixed ï 

all for the sake of allowing a syntactic process to unroll. 

   

      There is another famous problem in AI, termed the  ñframe problem.ò  It is but a variant of 

this wide-ranging problem of commonsense knowledge.  Put generally, the frame problem asks 

how a robot determines that a change in his environment is an expected change or not.  As a robot 

stirs the coffee, let us imagine that the coffee cup bulges in and out, or floats above the table, or 

the coffee makes a ñsnap, crackle, popò sound, or the liquid provides enormous resistance like 

cement, or the surface spouts small geysers.  Are these expected aspects of the event?  Must the 

robot be checking, instant by instant, its database of ñfeaturesò of the world to see if these are 

expected features of his world?  To be constantly performing such a massive database check is 

extremely expensive (read impossible) computationally.  The solution to this dilemma remains to 

be found.  We will visit the frame problem in the Chapter V.  There is a better way. 

 

Failure to Net Quality  

 

       Consider the concept of ñmellow.ò The word has manifold meanings: we can talk of a wine 

being mellowed with age, a dimension of the word we apply to taste.  We speak of a violin being 

mellow or of a song 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 invariance defined across 
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many modalities.  At the same time within each of these dimensions it is a quality that emerges 

only over time, within the experience of a being dynamically flowing over time.  "Mellowness" 

does not exist in the instantaneous "instant." This quality can only become experience for a being 

for whom each ñstateò is the sum and reflection of the preceding òstates,ò as a note in a melody is 

the reflection of all those preceding it, a being whose ñstatesò in fact permeate and interpenetrate 

one another. If we take this to heart, we should say that the meaning of the word ñmellowò is an 

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 defined as the abstract, three-

dimensional, instantaneous cross-section of time. 

 

      Yet, this instantaneous, 

homogeneous representation is exactly 

what AI, in either of its flavors, would 

propose.  The data structure supporting a 

symbolic program would consist of 

ñnodesò with abstract links to ñmellow,ò 

as for example in Figure 3.13.  We can 

easily imagine the network of Rogers 

and McClelland being extended to 

incorporate ñmellow.ò  We would see 

things like VIOLIN IS {mellow], ROOM 

IS [mellow], or SOIL IS [mellow].  That 

these syntactic structures have nothing to 

do with the meaning of mellow is 

obvious.  

                                              

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

to other parts of the brainôs neural net as it processes an event involving a mellow violin.  But 

then we are back to the question, where is the ñerror.ò  Why would the net need training to adjust 

it weights to ñassociateò violin and mellow?   The mellow quality of the violin is an intrinsic 

aspect of the event, just as we said in regards to all the aspects of the coffee stirring.   Again, 

these ñcomponentsò of an event donôt need to be ñassociated.ò  Further, there are untold numbers 

of these components in an event ï nameless invariants ï that have no ñsymbolò but whose 

existence can suddenly become quite obvious.  I say, for example, ñAs he stirred, the coffee went 

snap, crackle and pop.ò  This is obviously a violation of an invariance law in coffee stirring.  It 

happens to be the source of humor; one can imagine this scenario causing laughs in an animated 

cartoon.  But what is the ñnodeò or symbol for the nameless invariance being violated here that 

we would link something to in our neural net?   And again, this network cannot possibly account 

for the emergence of analogy, where suddenly, for example, a culture, as in the 1960ôs, decides it 

is cool to apply this quality of mellowness to a personality, as in ñJoe is mellow.ò     

         

Robotics and Consciousness 

 

      In 1997, IBMôs chess playing machine, Deep Blue, defeated the human world champion, 

Gary Kasparov, 3½  games to 2½ games.  In 2006, another chess computer, Deep Fritz, defeated 

world champion Vladimir Kramnik, 4 games to 2.  The computers have reached this achievement 

due to increasing processing power, sophisticated algorithms or methods to calculate the long 

range results of a given move on the board on the order of a dozen moves in the future, and the 

addition to the computersô memories of a large catalog of board configurations, on the order of 

50,000, and the normal game-results that tend to ensue once such a pattern occurs.  A current 

board configuration in a game can be matched, in this memory, against this large catalogue of 

Figure 3.13.  A (rough) data structure of nodes with 

links or pointers to various concepts.  
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board configurations and the results that tended to occur given such a pattern on the board.   The 

end-result of all these improvements, together with the addition of yet more processing power, is 

making the machine ñplayersò ï which are unfazed by fatigue ï nearly invincible.  

 

        The image of machine dominance at chess is taken as a harbinger of what is in store for 

humanity.  Things appear ominous.  It lends credence to Ray Kurzweilôs prediction of a 

ñsingularityò  (The Singularity is Near). Compared to the turtle-like, 100 meters per second 

transmission speeds of neurons in the human brain, the circuits of robots will support near-light 

speed transmission velocities. Every good architectural aspect of the human brain, Kurzweil 

asserts, will be exploited and amplified, doubled, tripled in power 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 tipping point ï the singularity ï Kurzweil boldly predicts, will be 2045.  

 

          Chess, however, would be the wrong subject from which to take encouragement.  It is a 

ñmicro-world.ò  It is a very constrained ñevent.ò  The game has a very finite set of pieces, and a 

finite set of moves each piece can make.  It is the permutations and combinations from this finite 

set ï the number of possible games that can play out ï that is huge.  But the elements and 

ñmotions,ò that is, simply the change of positions, in this constrained micro-world can be 

represented as internal symbols in a computer. It is perfect grist for the abstract space underlying 

computing. The complexity here arises from the infinite variety of patterns these pieces and 

motions can take in their constrained space ï all with a final goal of a ñcheckmateò configuration. 

.   

       The creation of a micro-world was an early strategy of AI to conquer the problem of 

commonsense knowledge of the world.  In the early 1970's, Terry Winograd, then a graduate 

student at MIT,  constructed a program called SHRDLU as an approach to computer 

understanding of natural language sentences.
35

  The sentences input to the program were 

restricted to a very small, well-delineated, simple domain: a micro-world.  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, e.g., a 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 to such and such a block, which block was held in the hand, etc.  It could 

answer questions such as: 

 

 User:             What color is the block on the red brick? 

 SHRDLU:     GREEN. 

 User:             Shape? 

 SHRDLU:     PYRAMID. 

 User:             Grasp the pyramid. 

 SHRDLU:     I DON'T UNDERSTAND WHICH PYRAMID YOU MEAN. 

             (There are three pyramids in the scene.) 

 

     The micro-world, however, is again a predefined ñobject languageò specifying the problem 

environment, and the relevant features thereof, in which SHRDLU works.  The feature set of this 

"world" is fixed ï the properties of the blocks, their move-ability, their ability to stand on another 

or not (the cube can't sit on top of the pyramid), requirements for support, etc.  The rest is again 

simply a form of ñproofò procedure taking place within this fixed symbolic framework.  

 

     SHRDLU, given its complexity and programming ingenuity, was rightly hailed as a great 

achievement, but wrongly seen as a precursor of great the things to come. Winograd himself, 
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intimate with its limitations, repudiated the entire approach in relatively short order.  With 

Thomas Flores, he moved to the concept of the  ñsituatednessò of a being in the world, and 

rejected the  view of cognition as symbolic manipulation of internal representations that are 

understood as referring to objects and properties in the "external" world.  Following Martin 

Heidegger's philosophy of being-in-the-world (Being and Time, 1927), Winograd and Flores 

noted: 

 

Heidegger makes a more radical critique, questioning the distinction between a 

conscious, reflective, knowing "subject" and a separable "object."  He sees 

representations as a 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 reflective representation.
36

 

 

     There is only one way to understand this rather abstruse passage.  Winogradôs ñsituatednessò 

is precisely Bergsonôs union of subject and object ñin terms of time.ò  Heidegger was well aware 

of Bergson. In Bergsonôs model of perception, there are no internal ñsymbols.ò  There are no 

internal symbols for the ñblocksò of the external micro-world that SHRDLU is ñlookingò at; there 

are no internal symbols for the ñbuzzingò fly or the rotating cube.  The ñsymbolsò are the objects, 

precisely where they are specified to be, externally, in the flowing matter-field.  The ñsymbolsò 

are the blocks, right where they appear to be; the ñsymbolò is the fly right where he is buzzing; 

the symbol is the cube, right where it is rotating.  What we normally term ñsymbolsò ï the 

symbols or images we use in representing the world ï only arise when we have to go back into 

memory, when we have to redintegrate, when we have to recall an event or events, when we have 

to ñrepresentò a piece of the world to ourselves via an image of memory.  This ñrepresentingò 

state is now Heideggerôs ñbreakdown of concernful action,ò for we are now reflecting, not acting 

without representation on the concrete objects of the world, as when we are simply and naturally 

picking up the blocks, reaching for the fly or driving down the flowing road. 

 

       This is why robotics is inescapably tied to the problem of consciousness, and in turn, to the 

relation of subject and object, and thus to the flow of mind in a non-differentiable time.  Current 

robotics theorists, however, already wish to claim their devices are conscious, or nearly so, and 

can be made so with ñnewò architectures that are unrecognizably different from machines that 

already exist.  A 2007 issue of the Journal of Consciousness Studies featured a number of such 

theorists on the subject of machine consciousness. The level of non-awareness on the nature of 

the true problems their robots face on their way to becoming ñconsciousò is vast. 

 

The Robots Cannot ñSeeò the Problems 

 

       One theorist, Julian Kiverstein, begins with what, on the surface, seems an awareness of the 

ñcoding problemò facing any self-respecting robot.  He notes: 

 

        Indeed when we imagine a zombie, arenôt we imagining a creature whose 

existence is much like that of a robot?  We imagine something that makes all the 

right moves and produces all the right noises, even though all is dark within:  the 

machine has no inner mental life.
37

     

 

        This is a compelling intuition of the problem ï this darkness within.  But Kiverstein takes 

inspiration from studies using a Tactile Vision Substitution System (TVSS). With a TVSS device, 

optical images are picked up via a head-mounted camera and the signals are transduced to an 

array of stimulators on a personôs skin.  Using a TVSS, people who have become blind report 

something very akin to visual experiences of external objects.  Critical to this is that the person 
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actually controls the camera (which is to say it is actually mounted on the personôs head).  With 

this setup, he or she  receives direct feedback as to how the optical information changes as the 

personôs movements change, which is only to say that it is this connection to movement and 

change that is enabling the isolation of the invariants from the variants, i.e., the detection of the 

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

conscious perception is, ñthat the machine understand the patterns of dependency that hold 

between sensory stimulation and movement.ò 

 

       Magically here, the coding problem has again been solved.  The optical stimulation, now 

transduced to tactile information playing on the skin, is yet a code for the external world.  The 

action which the information is related to is only another form of code; it is not the external 

world. As per usual, there is absolutely nothing in this theory to explain how an image of the 

external world arises from either of these two codes or their combination. That such a TVSS 

setup is again allowing the brain to create the modulated wave patterns passing through the 

external holographic field and specifying a reduced form of image of the field, or in reality, a 

memory image ï this we can understand.  But Kiverstein is not saying this, and to make sense of 

this requires the framework on subject, object and time which we have seen in Chapters I and II.   

Simply assumed here also in Kiversteinôs solution is the ñprimary memoryò that underlies all 

perception ï the rotating cubes, the buzzing flies ï that allows this specification of a past motion 

of the external matter field.  But the complete lack of awareness that we must account for the 

time-continuity of perception and therefore the memory that underlies it is endemic in these 

theories of robots and their possible consciousness. 

 

      To add to this confusion, Kiversteinôs entrancement in the pure theory of ñcomputationò or 

symbol manipulation underlying the computer metaphor allows him to state that ñthere is nothing 

special about our biological wetware.ò As long as we create a system which connects sensory 

information to action, we will have consciousness, whatever the materials, be it silicon, wire, 

fiber optic tubing, etc.  Again, we have the misguided idea that employing logic and symbol 

manipulation is all that is required. Remember, Arnold the Terminator connects sensory 

information to action.  He is still blind as a bat.  Lost is all notion here that, indeed, like the AC 

motor,  the actual dynamics, the forces and masses and fields of physics, e.g., the concrete form 

of a concrete wave passing through a concrete holographic field, may be all important.   

 

     But Kiverstein is not quite satisfied. This is not the 

ultimate solution after all. Something more is needed.  In 

addition, there must be a form of ñcomparatorò 

mechanism.  The comparator constantly compares the 

result of an action by the person to a prediction of the 

results of the action. So there is always a prediction, then 

an action, then a comparison of the actual event to the 

results (Figure 3.14). For example, argues Kiverstein, an 

object will look smaller when seen from a distance, or 

larger when one moves closer, yet the size of the object is 

experienced as constant.  ñThus one experiences the true 

size of an object across changing experiences because one 

has correct expectations about how an object will look at 

various distances.ò   So, invoked here, likely unknowingly, 

is a 1700ôs theory of Bishop Berkeley on the nature of size 

constancy which Gibson transcended sixty years ago (noted 

in Chapter I).  Being ignored is that 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 and forth ï an 

Figure 3.14.  A ñComparatorò 

System.   Here images or 

snapshots, stored in memory, are 

matched against ñcurrentò 

images of the external world. 
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invariant over time, over the flow field that is useful for specifying possible action.  But 

Kiverstein, as most theorists of so-called robotic consciousness, is unaware of this.  He is 

conceiving of the brain at a taker of ñsnapshotsò of a flow field.  This is to say, to him, time is a 

series of ñinstants.ò   If , in each snapshot, there is a ñmatchò between expected result and actual 

results, the match results in a form of self-awareness, i.e., consciousness.  So it is, apparently, the 

comparator that supposedly explains self-awareness. But the comparator, as it proceeds instant by 

instant in this model of time, can have no continuity, no memory.  Each ñmatchò is simply a 

comparison of two symbols in another instant. Hence it implies  no consciousness, no awareness 

whatsoever.  Arnold does the comparator thing too. 

 

      Yes, the ñcomparatorò is simply a notion based on ñsamplesò or snapshots of events, events 

such as our rotating cube.  A snapshot is taken of the rotating cube and compared to a predicted 

snapshot.    Imagine, sitting in your chair, watching the wobbly cube.  Somehow, the robot is 

supposed to be generating predictions, sample by sample, of a flowing event.  What is the time-

scale of these samples?  Each nano-second?  Each micro-second?  We have seen in Chapter II, 

when discussing the wobbly cube, that there can be no such snapshots. The information for the 

form of the cube, whether wobbly or rigid, is not found in a single snapshot. There are no edges, 

no vertices, no flat surfaces in a snapshot.   The fact is, this comparator conception is built upon a 

lack of awareness of the modern concept of velocity field flows underlying the form of the cube.  

And this failure of awareness of the theory and problem of perception is absolutely typical in the 

robotic literature.  

 

     Finally, not satisfied with this, Kiverstein introduces yet another ultimate ingredient.  This is 

agency, or the intention to perform an act, or to plan.  But invoking ñagencyò is again simply to 

beg the question, for ñagencyò too already implies consciousness.  It implies at least an image and 

a thought of a goal that can be sustained over time ï an extended time.   The robotics theorist 

tends then to look for a more mechanistic method of supporting planning in a robot.  For this, 

Kiverstein invokes ñmeans-endò analysis.  Where have we seen this notion before?  

Unfortunately, in 1972! Newell and Simonôs General Problem Solver featured, front and center, 

ñmeans-endsò analysis. The monkey used it to get to the bananas; GPS used it to solve logic 

problems.  No one will accuse GPS or a computer running it of being conscious.  

 

Explicit Memory vs. Robotics 

 

      The above subject enters the great problem of explicit memory, another problem of which the 

robotic consciousness theorists are apparently unaware.  Explicit memory requires consciousness.  

What is termed implicit memory does not require consciousness. Though the distinction is 

ubiquitous in the memory literature, there is no understanding in the current theories why this is 

so, particularly why explicit memory requires consciousness or what this means. Remember, 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 themselves are not explicitly aware of.  A famous amnesic known as 

H.M. shows daily improvement on tracing figures in a mirror tracing apparatus, but fails each day 

to recognize the experimenters when they arrive or to remember the mirror-tracing apparatus. To 

H.M., he has never seen the experimenters nor done mirror tracing before.  On the mirror tracing, 

given his daily improvement, H.M. is showing implicit learning or memory, but has no explicit 

memory of any of these events or the people involved.  Amnesics, it turns out, can do many tasks 

that require implicit memory.  These include: 

 

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

Á Classification of novel drawings relative to drawings previously seen 

Á Mathematical problems  

Á Even the answers to anomalous sentences, e.g., "The haystack was important 

because the cloth ripped."  Answer: parachute.  

Á Word processing (computer) skill and its associated vocabulary  

 

      There appears to be no limit, no limit, that is, as long as the task does not require the amnesic 

to place an event in the past.
38

  Weiskrantz expressed these amnesic-capable tasks as tasks which 

do not depend on a "joint product" relating present to past (current event x stored event).  The 

amnesic simply cannot perform this product, this fundamental comparison ï present 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 amnesic?  Current theory has no 

answer to this, in fact there is virtually zero discussion on what makes explicit memory different 

from implicit memory.  As far as I can determine, there is one journal article on the subject 

of why explicit memory requires consciousness, and it is mine.  I will not got into it deeply 

in this book.
39

   A short sketch of the significance of this ñpresent x past productò is sufficient.  

 

       It is generally accepted that it requires roughly two years for the child to develop explicit 

memory.
40

  Something is occurring in the brain over these two years in the way of a dynamic 

organization which eventually allows the brain to achieve a complex dynamic state.  This does 

not mean, by the way, that experience is not ñstoredò during this two years. It means that the 

brain, far more physically complex than anything of which the robotics theorist has ever 

conceived, requires two years of dynamic organizing to achieve this ability to perform a past x 

present product.   It apparently never occurs to the robotics theorist to ask what is going on during 

this time and why the brain must go about it in this way, whereas their brilliant robots find it 

unnecessary, performing it with a simple if-check comparison of symbols.  To the great child 

developmental theorist, Piaget, this dynamic development in the brainôs organization is 

underpinning the birth of a correlated set of fundamental concepts ï Causality, Object, Space and 

Time.  I have termed this the ñCOSTò of explicit memory, for simultaneously this complex is 

giving birth to, and required for, the explicit memory of events ï in Piagetôs terms, the ability to 

ñlocalize events in time.ò This too underpins the development of the ability to symbolize.  Piaget 

gave a classic example of an event where his 19 month-old daughter, Jacqueline, first 

demonstrated an achievement of a symbolic representation, a representation reliant on explicit 

memory of the past or a ñlocalization of events in time.ò  

 

      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 which reminds her symbolically of a 

grasshopper enables her to evoke past events and reconstruct them in sequence 

(emphasis added).
41

 

 

      The present event (the piece of grass) now functioned within what I term an articulated 

simultaneity, for it served 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 consciousness, all 

underpinned by the non-differentiable flow of time in which the brain dwells.  The amnesic, 

however, has lost or suffered damage to the brainôs ability to support this complex dynamic state.  

Explicit memory is bound to the development of the symbolic ï the ability to employ a form (the 

piece of grass) abstracted from our experience to represent another aspect of experience in the 

past (the grasshopper) ï what Cassirer would term the ñsymbolic function.ò
42

  The symbolic 



                                                        Chapter III  Retrieving Experience from the Holographic Field 

90 

function carries this aspect of an articulated simultaneity ï this ñoscillationò between two 

elements within a temporal whole.  This tells us that the symbolic itself is a problem in the 

relation of mind to time.  Obviously, this significance of explicit memory and its loss has not 

entered the thought of the theorists on robotic consciousness.  

 

         This is enough for an analysis of the literature describing what it takes to create conscious 

robots. Kiverstein is representative.  In general, it is sorely unconscious of the problems it must 

solve.  It ignores the problem of time,  the true nature of the problem of perception, the great 

problem of explicit memory,  is highly leveraged on the illusory success of connectionism, and 

woefully neglectful of the science of ecological psychology.  I will set out the criteria that must 

actually be met for a conscious ñdeviceò in Chapter V.  

 

        Let us continue a bit more on memory. 

 

Is Everything Stored? 

 

        The human memory for chess is quite different from Big Blue or Deep Fritz.   The question 

had  attracted Bergsonôs attention.  A skilful chess player may be able to play several games at 

once without looking at the chess boards, all the while maintaining a mental picture of each game.  

But what is this picture?  Bergson describes the findings of Binet, the inventor of the IQ test, who 

too had pursued the question.
43

  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 is an 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 of forces, or 

rather a relation between the 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 whole which enables him at any moment to 

visualize the elements.  This abstract idea of the game is such that to the player each game has, 

yes, a unique quality or character.  ñI grasp it as a musician grasps a chord,ò stated one player.   In 

other words, this idea is both a temporal structure and an a-temporal structure at once. It is a 4-D 

structure.  The game, with all its moves, transformed over time.  Rather than a static chord, the 

game is more like a small symphony, frozen, with all the interplay of musical motions that 

brought it to its current form.  One is quickly reminded of Mozartôs description of his own 

creative process, wherein he saw an entire symphony, ñas though it were a statue.ò   This is  the 

dynamic character of the idea or thought of the game.  We shall visit this a bit more next chapter. 

It is only available to a ñdeviceò that flows in the non-differentiable or indivisible motion of time.    

     

       Now we must ask:  Is all experience stored?  The holographic model would say, yes, all 

experience is "stored" in the sense that we are inherently four-dimensional beings, that the 

holographic field is four-dimensional, that the flow of time is indivisible.  In principle, given the 

right precision of modulation, i.e., the precise reconstructive wave, any event in the past should 

be capable of reconstruction.  There are any number of forms of evidence of this preservation. 

Oliver Sacks (The Man Who Mistook His Wife for a Hat), for example, describes "Martin A.," 

suffering from a form of brain damage, who could nevertheless quote verbatim Grove's 

Dictionary of Music and Musicians ï any of its six thousand pages.  He heard these quotes in his 

father's voice ï memories from the long hours his father devoted to reading and sharing the 

history of music with his beloved, though handicapped son.  Sacksô retardate "Twins" could, 

given a date in their lives anywhere after roughly the age of four, give its details in total ï the 

weather, the political events of which they might have heard, personally related events ï as 

though they were simply reviewing a vast panorama unfolding before their inward eye.  Kotre 
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(White Gloves) reports the feats of some Jewish scholars, discovered in Poland around the turn of 

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 it to one of the 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 out his accuracy by pushing the pin through the pages.   Cases were 

documented in which the scholar never failed.  

                                           

     Such phenomena are troublesome for the 

prevailing ñabstractionistò trend in memory 

theory, but    more experimentation is needed to 

prove the concept of complete recording of 

experience.  Hitherto, however, I think it can be 

said that it has not been taken seriously. 

Nevertheless, the problem of obtaining the right 

precision of modulation to reconstruct any 

given event is a real one in this holographic 

theory.  Further, it is doubtful that the concept of 

simply moving the brain into the right 

modulation pattern is a real basis to explain all these phenomena.  Charles Tart (Altered States of 

Consciousness) reported for example that Aldous Huxley,  author of Brave New World and  1984,  

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

Bergson made it quite clear that we are dealing  with a four-dimensional being and aspects of 

consciousness that modern science has not yet addressed.  In a case like Huxleyôs, the mind is 

abstracting from the present as far as possible, moving away from the perception-action state of 

the brain and deeply into the past.  Arthur Glenberg, a memory theorist, would later term this 

ability to ignore the call of the present perceptual array ñsuppression.ò
44

  Bergson expressed this 

ñmovement of the mindò in terms of the diagram of Figure 3.15.  The point of the cone is the 

most ñfocusedò or concentrated point of the mind in the physical plane, completely concentrated 

on action.    At the most spread-out plane of the cone, we have the realm of dream, of reverie, of 

the pure memory of experience.  Between are various degrees of ñfocus,ò and indeed the 

computer scientist Gelernter used just this term to express the phenomenon as he observed it in 

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

is abstract, 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 focus.  This is in 

essence, the birth of concepts.   

  

Even Larger Considerations 

 

       My wife, as I earlier related, 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 a memory retrieval question concerning retrievals 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 of mine who 

lives near Pittsburgh, Pennsylvania, while walking up a driveway which sweeps up a hill towards 

a large, Tudor style mansion, suddenly had an experience return of approaching a similar home, 

this time her own, from an apparent earlier life and time in medieval England.  Is this possible? 

 

        When the dogma of neuroscience is that all experience is stored in the brain, a Dawkins or a 

Figure 3.15.  Bergsonôs Planes of Memory 
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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 brain, it is 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 is this smug assurance that is an 

illusion.  

 

         I say again, the 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 

ñmapsò of the 1800ôs where memories were located in various areas in the brain, to the locations 

of the storage of ñimagesò ï visual and auditory.  The questionable assertions continue today.  

There are theories of the storage of static features.  As we have seen, there is no clue how these 

static features could be reassembled as dynamic events to reform experiences.  There are theories 

that only certain events or certain aspects of events are stored, but absolutely no criteria for how 

such a selection is made.  

 

        Penetrating the 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?   But 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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Chapter IV 

 

The Koan of Action:  Free Will 

 

Yes, we have a soul, but itôs made of lots of tiny robots. 

- Daniel Dennett, Freedom Evolves 

 

The least act, 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, in The Three Pillars of Zen 

 

 

       

Freedom From Robots 

 

      I have taken us progressively through the counter-conception of mind, far, far from the realm 

of the Terminators, Datas, R2D2s, Spielbergôs AI-child, and other ñintelligentò machines that 

populate the mythical world of todayôs underlying theory of mind.   The concept that we are not 

free is thoroughly embedded in the robotic, machine conception of being.  The idea of 

determinism, determined action and rule-driven machines, be they computers or robots, stems 

from the same primitive conception of space and time from which the whole sorry machine 

conception takes its origin.  Bergson utterly destroyed it long ago.  He did so in his doctoral thesis 

and subsequent book in 1889, entitled, Time and Free Will.  This was where he first expressed his 

profound insight into the nature of time. His entire philosophy was born in the moment of his 

absorption in the concrete experience of time.    

 

       This was not the Henri Bergson of a slightly earlier frame of mind. He had been absorbed in 

the philosophy of Herbert Spencer. Spencer was then the foremost exponent of the great 

mechanistic view of the universe and physics of the time, summed up in the vision of the 

physicist, Pierre Laplace (1749-1827).  Laplace held that given sufficient knowledge of the states 

of the particles of the universe at an instant, one could, knowing the right equations or laws, 

completely predict any future state of the entire universe.  Bergson's devotion to Spencer and his 

mechanism was well known to his fellow students, and produced a scene in 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, "But he has no soul!"
1
  Yes, 

Dennett would of loved him ï 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 whose parts 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 is composed of instants and that the movement of time can be 

viewed as 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 cursory examination revealed that moments of time are not alike, that each has 

its own quality, nor do instants ever simply repeat, or simply occur in succession.  Rather there is 
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a continuous flow where each moment merged into the next.  And thus, as we have seen,  

Bergson was to describe a far different time as lived by the self, a time he termed duration.   

 

      Below homogeneous [abstract] time, which is the [spatial] symbol of true 

duration, a close psychological analysis distinguishes a duration whose 

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.
2
   

   

       Physical time, as described by Spencer, could only be the limiting case of this real time.  But 

such a "time" entailed the rejection of Spencer's mechanism.  If mechanism was correct, all 

change is reducible to the completely predictable 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 possibilities.  Mechanism 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, Time and Free Will, which 

held his analysis of the problem of time in the context of the then newly born science of 

psychophysics, and contained as well many of his insights into the physical world.  To his own 

chagrin, his advisor, the psychologist Janet, thought only the first chapter with its analysis of 

sensation was significant, while the philosopher Boutroux commented only on an aspect of the 

thesis concerning its concept of liberty. Though furious, Henriôs good manners prevailed.   It is an 

unfortunate fact that the same misjudgment of the significance of this work resumed with the 

decline of Bergsonôs popularity.  The perennial philosophical discussions on free will and 

determinism carry on today, sadly, without the smallest of references to Bergson.  It is 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 of time. I am not saying there are not still mysteries, but 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 foremost modern exponent shortly, but before we do, let us consider 

another remarkable aspect of our ability 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 today.   No robot, as currently conceived, can implement 

this relationship.  In the context of the Turing Test therefore, expanding the nature and method of 

the Test only slightly, we should be able to say to our robot, ñSir, please take this little pill 

(containing various pertinent catalysts) which will change your capability of action.  Now please 

describe your perception.ò  The robot should begin speaking of heron-like flies, or, were the robot 

initially ñperceivingò a cube rotating with sufficient velocity such that it is a fuzzy cylinder (a 

figure of infinite symmetry), he now should begin speaking of a  serrated-edged figure of 4n-fold 

symmetry (for he must continue to perceive by the same invariance laws specifying the event).  

Should we say, ñSir, please ingest a little more catalyst,ò he should begin speaking of a cube (a 

figure of 4-fold 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 the cube, he 

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 Science, there is discussion of the ñperception-action cycle.ò In this 

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 action systems, and so on.  Yes, it is in essence the ñcomparatorò model of 

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 world (as action 

possibilities). Virtual action naturally makes a prediction for this event: Sever the neural tracks 

connecting the visual areas in the cortex to the motor areas.   What is the expected result?  If vision 

is the display of possible action, and there is no information 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 Crick (The Astounding 

Hypothesis), for example, argued that consciousness (that is, conscious visual 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 disturbing result that is ignored, disturbing unless you are aware of the virtual action 

hypothesis.  The neuroscientists, Nakamura and Mishkin, already asked the ñsever the connecting 

tracksò question in the early 1980ôs.   They indeed severed the tracks between the visual areas and 

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 

Weiskrantz, argued,  they were blind.
3
  

 

Mr. Ted Williams 

 

        As I realized these implications of Bergson, while scribbling away on my Ph.D. thesis in the 

early 70ôs,  memories flashed of a favorite topic of my dad when I was a child.  Dad loved Ted 

Williams.  Of course Dad was from Massachusetts 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 counting ï despite the 

interim advent of steroids.  He also hit in the .400ôs in 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 seams and the spin on the 

baseball as it hurtled towards him.  Dad would tell me how Williams could ñwait longerò than 

other players before he initiated his swing.    

 

         What does this sound like?  It sounds, for all intents and purposes, as though Williams was in 

our ñhigher energy state.ò  Watching a fly, he would have seen it moving more slowly ï precisely 

because he could act more quickly.  He ñcould wait longerò to swing because he was seeing, in the 

ballôs slower motion, just how he could act, just like our cat watching the mouse.  

 

        In my graduate school days, when I 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, everything would slow down ï the motions of the other players, the ball ï 

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 Williamsô permanent, physical, ñenergeticò state?   If 

so, why?  Did he have to ñslow downò to talk with normal people at normal scale?  Or was it a 
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state he could voluntary induce?  If so, how?  What does this say about the mind-matter relation?  

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, something that acts like our ñcatalystsò ï a cause 

also assigned to this slow-down of events during accidents?  Or something else?   The questions 

are far larger and more profound than realized, though if we stay stuck in the sterile computer 

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

  

       On the flip side of increases in underlying chemical velocities, there is the unfortunate 

problem of aging.  The little old lady, driving timidly down the freeway in her car, peering just 

over her steering wheel, is seeing the other cars whizzing by at blazing speed precisely because the 

world reflects her decreased ability to act.  The research literature on aging (or gerontology) is 

filled with reaction time and perception experiments that indicate this.
4
   

 

Voluntary Action ï 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. The answer is far from clear, and puts us in 

the realm of the ñinterfaceò between mind and matter.  

  

      Of course, in Bergsonôs framework, we are already given a clue: there is no ñinterfaceò 

between ñmindò and ñmatter.ò  These are not two different ñsubstances,ò things, or whatever, 

coming from incommensurate realities such that we will never figure out a means of interaction.  

We have seen that the matter-field, in its non-differentiable time-evolution, has the elementary 

attributes of mind ï an elementary form of awareness defined throughout, and an elemental, 

ñprimary memoryò via the indivisibility of this motion.  I suspect that it is in exploring the depths 

and implications of this latter statement that we will develop a truly deep theory of voluntary 

action. 

 

       Our bodily action involves the unfolding of ordered elements in time. These ñelementsò might 

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 is called the syntax of 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, consists in these 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 air with depression of the tongue and jaw. 

 

     He noted that these movements have no intrinsic order of association.  "Tire" requires these 

same movements in reverse order (or syntax).  The order is imposed by some organization other 

than direct associative connections.  This is equally true for the letters of a word.  The letters ï "R" 

or "G" or "A" can occur in any order or combination.  The order depends upon a set for a larger 

unit of action, in this case the word.
5
   

 

      Words stand in the same relation to a sentence as letters to the word.  Words themselves, he 

noted, have no temporal 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, "The mill-wright on my right thinks it right 

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 all skilled movements. 

 

    What then determines the order, Lashley asked?    Lashley took the view that the set or the idea 

does not have a temporal order; that all of its elements are contemporal.  Thus I read a German 

sentence, pronouncing the words with no thought 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 order 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 thought structure.  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 (t-h-s-e-s for these, i-i-l for ill , l-o-k-k for look), he argued, 

show the order dissociated from 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 expressive elements (words or adaptive acts) 

2) The determining tendency, set or (atemporal) idea 

3) The syntax of the act ï a generalized pattern or schema of integration which may 

be imposed on a wide range of specific acts (upon individual components of an act) 

 

       In the 1960ôs, the great linguist, Noam 

Chomsky, inspired by Lashley, would 

initiate a vast assault on (3), the theory of 

syntax, overturning Skinner and his simple 

ñstimulus-response chainò Behaviorism as 

he did so.  He proposed a rule system or 

grammar, employed by the brain, to unfold 

the words from the idea in the proper order.  

In Figure 4.1, the word-elements of the 

sentence, ñThe man stirred the coffeeò are 

unfolded in a certain, grammatical order by a 

set of syntactic rules.  A sentence S, for 

example, by rule, may consist of a noun 

phrase and verb phrase ( S -> NP + VP), 

and a noun phrase consists of a determiner 

(Det) and a noun (N), and so on.  The end-

elements of the rule structure (nouns, verbs, 

determiners) come from the pool of possible 

words or symbols in the language.  But to me, there was always a profound implication in Lashley 

that Chomsky appeared to assume, and the subsequent forty years of cognitive psychology has 

ignored.                                                   

Figure 4.1.  A syntactic rule structure, with a 

ñcoffee stirringò sentence it generates.  The rule, S 

-> NP+VP can be read as a sentence S ñconsists ofò 

a NP (noun phrase) + a VP (verb phrase).   
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         At the apex of every diagram, such as Figure 4.1, is "S".  What is behind S?  Behind S 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 end-elements or words, i.e., components of the 

sentence as an action.  But this idea, because it represents a multi-modal 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 stirred the coffee. 

¶ The old man slowly, painfully stirred the coffee. 

¶ As the man stirred the coffee, the aroma wafted everywhere. 

¶ The man quickly stirred the coffee with the spoon clinking away against the cup. 

 

      Cognitive Science has pursued this symbols-and-rules approach for over forty years.  I cannot 

imagine Lashley being impressed.  To begin with, we have ignored his starting point, the 

atemporal idea.  No post-Chomskian computer translation program, in all our subsequent syntactic 

sophistication, has ever translated a German sentence into an atemporal idea, then freely into 

English.  No computer simulation program, in fact, has ever had an atemporal idea.  We have had 

no theory of "S," the point from which syntactic structures must devolve in an ordered act.  In fact, 

cognitive science, as DORA for example, has tried vainly to reduce ñSò itself to data elements and 

yet more syntax.  Yet it is from "S" that the expressive elements must be activated upon which this 

syntax operates.  There is no theory 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; I am present at scenes of massacre, I appear 

before the Revolution Tribunal, I see Robespierre, Marat, Fouquier-Tinvilleé.; I 

defend myself, I am convicted, condemned to death, driven in the tumbril to the 

Place de la Revolution; I ascend the scaffold; the executioner lays me on the fatal 

plank, tilts it forward, the knife falls; I feel my head separate from my body, I 

wake in a state of intense anguish, and I feel on my neck the curtain pole which 

has suddenly got detached and fallen on my cervical vertebrae, just like the 

guillotine knife.  It had all taken place in an instant, as my mother bore 

witnessé.
6
    

 

         The "man stirring coffee with the spoon" is inherently a time-extended event, however, as a 

thought, what is its duration?  If my intent is to stir the coffee with the spoon, the elements may be 

conceived as atemporal, in fact an invariance structure defined over 4-D experience.  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 statue." He was speaking of a time-extended, yet 

atemporal structure.  Indeed, though we speak of 4-D extended events, the 4-D memory of which 

we have been treating, and its events, have no particular scale or duration. The detailed theory of 

the unfolding of an atemporal idea is a challenge. Bergson treated some aspects of this in treatise 

on dynamic 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 the actual physically performed movements that 

will comprise the ultimate fluid action.  These movements are elementary units that will be 

coordinated ï movements used in walking, lifting up on oneôs toes, swinging the arms, etc.  But 

the first impression is an outline of the relations, especially temporal, but also spatial, of the 

successive parts of the movement.  This abstract image of the spatial-temporal relations is the 

dynamic scheme.    

 

       This abstract scheme, he argued: 

 

      émust fill itself with all the motor sensations which 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 composing the 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.
7
  

 

      The above passage of Bergson contains, in a nutshell, the deepest questions facing this model 

which I have been describing when it comes to the frontier of voluntary action.  Firstly, the 

scheme, as I understand it, is not stored in the brain.  It is a creature of 4-D memory.  Therefore, 

we are again coming to grips with the nature of the whole transforming matter-field 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 the effort needed to transduce an abstract scheme into 

concrete images, images which will in turn induce movements.  Effort is another term for force, 

and this in turn sets us into the problem of just what force is, once we probe beyond Newton's 

definition.  Finally, we have the picture of 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 larger vision of the nature of the ñsubjectò this implies, was the core of a significant 

controversy, to this day very unresolved.  In a famous 1985 study by Libet, subjects were asked to 

perform an act, like pushing a button, at their will.
8
  They were to note the point in time, by 

watching a special oscilloscope display, when they had the conscious intent to make the act.  The 

studies reveal that there is a significant buildup of neural activity 300 milliseconds before the 

time the subject reports the intent to act.  Given that the intent is reported after the neural activity 

buildup, the finding led to an ongoing controversy over the actual role of free will, for it could be 

argued that the subject has no free will at all and is simply reporting an ñintentò that is nothing 

more than an unconscious, determined action already unrolling.  It also led to Libetôs  suggestions 

ï perceived as controversial ï of ñbackward referral in timeò of the intent.
9
  Yet this ñbackward 

referralò in time is an integral and explainable consequence of the specification model of 

perception ï we are always seeing the past.  Also, the gradual production of neural processes by 

an (initially ñunconsciousò) idea, such that it eventually, via this means, becomes conscious, is an 

integral part of Bergsonôs model, for it is only by this means ï the participation in a state of 

action/processing in the brain ï that an idea can become conscious.  From this perspective, other 

than showing that there is much we do not understand about the ñunconscious,ò it is hard to see 

how Libetôs result is so unexpected.  Rather, it is exactly what should be expected in a larger, four 

dimensional view of mind, where the ñsubjectò is a time-extended being.  
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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 place in Cognitive Science. 

All is simply data elements and rules.  For the neural network 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 

Behavioral and Brain Sciences.
10

  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 they serve?  They 

appear redundant (or ñepiphenomenalò).  

 

        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 to act, to the image, to the unfolding of the concrete actions.  Let us 

look at the larger context of research that might be needed to get a grasp of this flow from the 

intent to the action.
11  

 

        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 these purely 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.  

 

       In the early 1950ôs, two researchers, Linn Cooper and Milton 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 Investigation).
12

  The subjects were 

taught how to self-induce a trance to ñalter time.ò In this altered-time trance state, they would be 

asked to simply imagine events, or else to practice actions.  For the one experiment they did on 

motor skill improvements in these practice sessions, greatly condensed in time, their results were 

marginal.  Yet, curious incidents were observed.  One subject was mentally watching a movie in 

this altered time state. He was observed to be making extremely rapid movements with his hand, 

moving between his mouth and legs.  When asked after the session what he was doing, he reported 

that he had ñbeen eating popcorn.ò  The velocity of his actions had been commensurate with the 

scale of time in his trance-altered state.  Another subject, a violinist, was mentally practicing violin 

passages in altered time.  She reported that in this state, she was able to view the whole piece, as 

though it were laid out as a static structure.  We are reminded of Mozartôs seeing an entire 

symphony as though it were a statue.   

 

          In our original discussion of altering the time-scale, and action within this scale, I relied on 

the physical effect of catalysts.   In Cooper and Ericksonôs studies, we are seeing indications of 

similar effects from the ñside of the subject.ò  This is why the source of a phenomenon such as that 

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 

means nothing.  But the studies are very real.   

 

      How could this be possible?  In the end, it will come to this question: what is ñwill,ò and why 

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 coined by our earlier 

mentioned physicist, Pierre Laplace.  In this, he imagined an intellect, now affectionately known 

as Laplaceôs Demon, that has knowledge of  the exact positions and velocities of every particle in 

the universe at the beginning of time. Given the demon knows the laws that act on these particles, 

it can predict the precise, complete state of the universe at any subsequent time.  All is 

determined.  There is no free choice or action.  The classic scenes for philosophical debate on free 

will all take place with this Laplacian background.   Daniel Dennett (Freedom Evolves) accepts 

this Laplacian, deterministic vision completely.  Nevertheless, he spends many pages attempting 

to convince us, in essence, that if we move up to the macro-level of experience ï the world of 

golf ball putting and making decisions in the stock market ï that things are so complicated that 

we are effectively free.  His entire discussion produces one of the great ñcognitive dissonanceò 

headaches ever achieved as he feverishly attempts to keep our eyes averted from his Laplacian 

world, lurking always, driving everything beneath his world of macro-appearances.                                 

 

          Let us paint a classic scene of the debate: Before a 

certain philosopher there sit two glasses of wine, a 

Burgundy and a Bordeaux.  The Burgundy is tasty, but, 

hmmm, the Bordeauxé  There is a moment of hesitation.   

Drum roll.  The philosopher reaches for the Bordeaux.   

He has exercised his free choice.  Or has he?   We 

diagram the event (Figure 4.2).  Our philosopher has spent 

a life of wine drinking, action and heavy philosophizing 

before reaching this point of decision.   We represent this 

as the portion of the line from O to D.  At D we picture 

the oscillation of the decision, then the path is taken from 

D to Bx ï the sipping of the Bordeaux.  The path from D 

to By ï the Burgundy ï is equally open, but is not taken, 

though it could have been.  Or could it? 

 

      This has been the dilemma.  The determinist envisions a form of mechanical oscillation in 

space at D, almost as a pin-ball at an island-bumper in a pin-ball machine, then states that the 

antecedent causes are sufficient to account for the path ultimately taken, and indeed must have 

been in effect to account for the movement.  The proponent 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 actually taken, he effectively moves the self back to its oscillation at D.  In doing so, he 

ignores Laplaceôs demon.  For the demon, there is only one possible path, and the philosopherôs 

choice is that path.    

 

       Bergson (Time and Free Will) argued that both are wrong.   The natural symbolism of Figure 

4.2 by which we represent this decision process treats the motion of the self ï yes, yet again ï as 

though it traversed a trajectory or line in space.   It reduces the progress of the self, i.e., a 

dynamic motion 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 hare, we can then carve up at will into an 

infinity of ñpointsò or mutually external ñstates.ò   This lends itself instantly to a mechanical 

conception of the self and a mechanical statement of the problem.  Each ñstateò now becomes a 

ñcauseò (like the ñparticleò at a ñpositionò in space) determining the next ñstate.ò   But this should 

give us pause.  We have already seen the difficulties, in fact the invalidity, in treating motion via 

the concept of a trajectory in abstract space.  

Figure 4.2.  The choice ï Burgundy 

vs. Bordeaux 
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The Projection Frame Again  

 

      In truth, we know nothing but our 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 

concepts projected from it.  But we have already asked if 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 noted, that 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 universal field, dividing it into ñobjectsò and their 

ñmotions.ò  Extended in thought, it became the continuum of positions, the completely relative 

motions of "objects" traversing sets of points in this continuum, and the loss of all real motion.  

At stake now, I noted, is a physics which can incorporate real motion.  Though we conceive of 

objects and their motions, Bergson had argued, why can we not conceive of the whole as 

changing, i.e., a global transformation of the universal field, as the turning of a kaleidoscope?  

The motions of objects become then changes of state ï wave motions ï 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 melody, forming an 

organic continuity.  Because each new moment is reflection of the preceding history of the flow, 

each new moment is absolutely ï new.  No moment can ever be repeated. But we project 

backwards upon our conscious experience through our framework of ñobjectsò in an abstract 

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 cause ï the same finger 

hitting the same key producing the same result. Thus this flow in time becomes divided 

conceptually into ten mutually external, repeatable ñnotes.ò   But our actual experience is of an 

organic whole.  If one note is held slightly longer than the others, the experience, the quality of 

the whole is changed ï 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 space.  The finger is not the ñsameò finger from note-strike to note-

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 only practically the same ï 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, this ñmiddleò scale and the concepts derived 

therefrom into philosophical gospel ï this is the problem.  It makes all the difference when we are 

trying to get beyond ñcustomary images relative to our needsò not only in physics but in a 

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 framework is repeatability.   Causality, 

as an explanatory concept in science, is useless if the cause is not repeatable.   If I line up a cue 

ball in the same precise position relative to the 8-ball, apply precisely the same vector of force via 

the cue stick, I expect the same result.  My prediction scheme via Newtonian laws works 

wonderfully.  If I am faced again with a choice between Burgundy and Bordeaux, and all the 

causes acting upon the physical and biological level are exactly the same, we would envision 
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exactly the same result ï I travel down the path from D to Bx.  

 

      But whence the concept of repeatability?   It only has 

meaning within an abstract time.  If I conceive of the motion 

of the universal field as a series of instants, which is to say a 

series of instantaneous 3-D ñCubes,ò where each Cube 

comprises all of Space (Figure 4.3), then the duration of each 

instant, or the extent in time of each Cube, must become 

vanishingly small.   What scale do I choose for the instant?  

Physics sees entire lifetimes of particles enduring but 

trillionths of a second and vastly less.  I can descend scales 

until the duration is so minute, so infinitesimal, that my 

ñCubeò of Space exists for so infinitesimally short a time that 

it has nothing left of the qualitative aspect of the perceived 

world.  In fact, as we noted in Chapter II, I am stripping all quality as I 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 

relationsé I end with a virtually homogeneous, featureless, quality-less Cube, then another, then 

anotheré  I am close to achieving absolute repeatability, for I am absolutely near the concept of 

quantity.   When I count, e.g., a set of apples, I strip each apple of any individuality, any 

differentiating quality; I ignore their individual differences; they are for this purpose 

homogeneous.   I am only interested in the repeatability of my counting operation ï apple 1 + 

apple 2 + apple 3 é. 

                                 

      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 point.  At this abstract, mathematical 

point, there is ï again ï no time, therefore, as we saw Lynds argue, no change.  How then do I get 

Cube 1 to transition to Cube 2 which has a slightly different configuration of ñparticles,ò then to a 

new Cube 3, and so forth?   I have achieved my repeatability.  But at enormous expense.   How 

do I get Cube 1 to generate or ñcauseò Cube 2?  How does Cube 1 ñforceò the existence of Cube 

2?  How, in other words, do I bind the future to the present?  The truth is, just as both Lynds and 

Bergson argued, I 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, which in turn rests 

on repeatability.  I can only predict the positions and velocities of each particle at the next instant 

if each preceding instant is utterly homogenous and repeatable.  But I can only attain absolute 

homogeneity by robbing my Cubes of all motion, therefore all extent in time.  I 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 his (free or not free) choice of wine.  There remains the question of force itself.  

 

Dynamical Causality, Consciousness and ñForceò 

 

      There is yet the dynamic conception of the binding of present to past.  It is derived directly 

from our conscious experience.   I have an idea of an action, I initiate the action, there is 

throughout the act the accompanying 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 prefigured in the idea.  Yet it is also our deepest experience that this is 

Figure 4.3.  Successive Cubes 

of Instantaneous Space 
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not a necessary connection ï the act can be aborted.  It is the source of our notion that 

psychological causes are ñdifferentò from physical causes.  But this dynamic picture of causality 

can in fact easily extend to the material universal field flowing in time ï similar to our conscious 

experience ï and where the future is not bound by necessity to the past. 

 

       But this indubitable experience of our consciousness, with its experience of force or effort, is 

projected upon the external world in a mixture with the concept of a Laplace-like necessary or 

mathematical determination.  The dynamic and the static become subtly, unconsciously joined.  

In the union, Bergson argued, the concept of force is joined with necessity or a necessary 

unrolling by mathematical law ï force now determines effects.    We then turn this upon 

ourselves,  viewing our own consciousness through the very layer of forms we have projected.  

The mechanical action of one object upon another, e.g., cue ball upon 8-ball, assumes the same 

form as the dynamic expression of force and resultant action experienced in consciousness, while 

in turn this phenomenal experience itself 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, or the continuum can move beneath the object.  

But we have also seen that there must be real motion in the matter-field ï stars explode, trees 

grow, couch potatoes get fat.  How can we distinguish real motion from that which is merely 

relative and which becomes rest on a change of perspective?  ñForceò appears as the natural 

answer.   Force is naturally seen, in our classic framework, as that which imparts ñmotionò to 

ñobjects.ò  Real motion emanates from a ñforce.ò  But this is the problem: force is only a function 

of mass and velocity, where velocity is the rate of change of position.  Force, or f = ma, is 

measured by the degree of acceleration it produces in the body (or mass, m).  In turn, acceleration 

is only the rate of change of the rate of change of position.   (Velocity is the first derivative of 

change of position with respect to time; acceleration is but the second derivative.)  We are always 

dealing, in other words, only with change of position.  In other words, these movements are still 

relative.  The force, one with these relative movements, does not escape this relativity.
13

  Force is 

no more absolute than the movements,  it cannot serve to distinguish real or absolute motion. It is 

not a ñcause.ò It is, expressed in f = ma, as physics is cautious to treat it, an invariance law. Thus, 

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.
14

  

      

    With the same caution, psychology would say that our 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 by law ï cue-ball repeats hitting 8-ball.   

But consciousness flows in real time, its ñstatesò can never recur, they are not truly repeatable, 

each ñstateò being a reflection of the preceding series.    Further, as already noted, it must be 

realized that this is true for the motion of the entire matter-field, the field in which our individual 

consciousness integrally participates.  Only at a sufficient level of scale can we treat this field and 

its events as practically repeatable and subject to classical laws.  

 

        We come, then, to these implications: Mind is entirely free.  The very concept of physical 

force is derivative, a projected aspect of the psychical evolution over time of the mind/matter-field.  

Our action, from intent to concrete act, participates in this psychical-physical flow.  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 acts?  This 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. 

- Bergson, Creative 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 Chomsky, Language and Mind 

 

 

The Evolutionary Machine 

 

        Whether we 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 ñdesign,ò and given the difficult birth of the radio, even perhaps 

ñcreative design.ò  For robins, the evolutionary theory of Darwin tells us things are different.  The 

universe, acting as a giant machine, employed a form of procedure or ñalgorithmò to produce the 

robin.  This procedure used random conjunctions of atoms to make chemical molecules.  With 

more random conjunctions, it produced an elementary, living ñdevice,ò perhaps a proto-cell.  It 

then used and continues to use random mutations, in conjunction with forces or events in the 

external environment, to effect ñnatural selectionsò which dynamically transform devices into yet 

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 these devices, and 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 consciousness, or conscious perception.  The 

existence of AI 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 processes, enabling the bootstrapping of the whole complex 

production algorithm and machinery into existence.
1
  In this view, the universe is a cosmic-scale 

AI device.  

           

       A warning light is flashing here.  With respect to this quest to remove Mind from the 

universe, we have already seen that there is a form of awareness, or elementary level of mind, 

defined throughout the matter-field.  Further, this property is required to solve both these 

questions: who is it that sees? and how do we see?   A second warning light is the strong 

possibility that a fundamental attribute of the dynamic matter-field 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 remove Mind 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 possible to remove it for the 

process of design?  
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        Design is a process of cognition, and cognition, with its fundamental operation of analogy, 

we have already seen is built integrally upon perception. Cognition equally requires 

consciousness, a fact that is ignored by AI 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 I am going to show here is that one of the ñpillarsò supporting the entire 

structure of evolutionary thought described above, namely the possibility of design with 

artificially intelligent devices (AI) which require no consciousness, cannot stand.  Technically, AI 

design is 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 no detailed, actual model exists. In practice, though, expositors of evolution 

such as Dennett, Dawkins and numerous others make an implicit appeal to AI, while showing 

disturbingly little grasp of the problems.   In fact, the expositors of evolution have simply 

blundered into AIôs greatest unsolved problem, that of commonsense knowledge.  

 

The Mousetrap and the Complexity of Devices  

  

        In recent years, some consternation arose in 

evolutionary theoretical circles as Michael Behe, an 

academic biologist, challenged the possibility of the 

algorithmic approach to design espoused by evolution 

(Darwinôs Black Box).   Though Behe dealt heavily in the 

biochemical realm, he placed the problem initially in the 

intuitive context of a mousetrap. The (standard) 

mousetrap consists of several parts (Figure 5.1).  As a 

functioning whole, he argued, the trap is ñirreducibly 

complex.ò For the device to work as designed, all the parts 

must be present and organized correctly, else it does not 

function. 

                           

      The urge is to break the problem of instantiating this design into simpler components ï 

evolving the separate, smaller parts. Natural selection buys nothing here, Behe argued.  Natural 

selection picks 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 definition ï impossible, 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 does this happen randomly?  Each part must 

be oriented precisely spatially, fitted with the rest, fastened down in place, etc.   There are 

enormous ñdegrees of freedomò here ï ways the parts can rotate, translate and move around in 

space ï which drive the odds against randomness to enormous proportions. 

 

      The problem can quickly be placed in the biochemical realm. Consider 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, and after seven rotations, 

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, always having a useful or survival value, does natural selection 

produce such a device? 

 

       Reviewers of Behe admit the lack of current solutions to this question.  To quote one,  ñThere 

Figure 5.1. Mousetrap, M1A5, 

standard military issue. 
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are no detailed Darwinian accounts of the evolution of any fundamental biochemical or cellular 

system, only a variety of wishful speculationsò (Shapiro, National Review, 1996).   Nevertheless, 

evolutionists have reacted strongly, with attacks focusing heavily on the biological and 

biochemical level.  An interesting case is their attack upon a favorite example used by critics of 

evolutionary theory involving the gas-puff firing Bombardier beetle.  The beetle (there are many 

variants) uses a chemical combination of hydroquinones and hydrogen peroxide which collect in 

a reservoir. The reservoir opens into a thick-walled reaction chamber (in the beetleôs rear) lined 

with cells that secrete catalases and peroxidases.  The resulting reaction quickly brings the 

mixture to a boiling point, vaporizing about a fifth.  The pressure closes the valve and expels the 

gases through openings at the tip of the abdomen in a powerful jet at a would-be attacker. If the 

system were not initially designed, with separate chambers for the chemicals, it is argued that the 

beetle himself would explode. The ñexploding beetleò concept has been questioned, but more 

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 progression towards 

the Bombardierôs sophisticated system.
2  

 

      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 one transitions from stage A to stage B, and then to stage C.  

More than irreducible complexity, this was the implicit force of Beheôs argument.  At this point, 

evolutionary theory invokes natural selection, which chooses B over Bô or Bò, and which is 

effected by external forces of the environment.  This is vague enough, while the actual creation of 

B, Bô or Bò from A requires the mechanism of mutations.  

 

     That mutations can account for change in what is called ñmicroevolutionò is unquestioned.  

The fish in ponds in the depths of dark caves gradually turn white.   Certain light-colored 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 recently ñevolvedò back again 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 3 of the Bombardier beetle.   This is the point of 

contention, and here I 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 device 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 AI, a realm where there are great problems precisely in 

this design dimension.  Keep in mind that while in the biological realm, we tend to talk about 

these transitions simply as ñmutations,ò there is much more going on, for just as in the mousetrap, 

we are talking about complex spatial fittings and fastenings of parts, complex form shaping and 

fabrications of the parts from materials.  To effect this would require extremely complex 

ñprogrammingò or modifications of the sequences in the genetic instructions to bring this about ï 

i.e., sequences of actions that leave random probability behind, and verge on artificial  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 instantiations.
3
  His caveat is that this is 

not an analogy for evolution per se, but the argument is taken as a critique of Behe).
4
 Working 

backwards, McDonald gradually simplified the trap, producing four ñpredecessorò traps of 
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decreasing complexity.  Behe argued, 

however, it is not that simpler 

mousetraps do not exist.  The 

question is progression ï the actual 

mechanism of movement from A to 

B to C.  If McDonald is taken as a 

defense of evolution, Behe easily 

produces a strong counter argument.
5
  

Starting with McDonaldôs first and 

least complex trap (Figure 5.2, left) 

in the ñsort of evolvingò series, he 

examined the steps needed for McDonald to arrive at the second trap (Figure 5.2, right).  The first 

(or single piece) trap has one arm, under tension, propped up on the other arm.  When jiggled, the 

arm is released and comes down, pinning the mouseôs paw.  It is a functional trap.                                      

 

       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, the following 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 original 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 precise edge of the 

platform, else the trap wonôt function.   

 

       All of this must be 

accomplished before the 

second trap will function ï 

an intermediate but non-

functional (useless) stage 

cannot be ñselected.ò   This 

complicated transition is a 

sequence of steps that must 

occur coherently.  With 

each step required, we 

decrease the probability of 

random occurrence 

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 in 10
20

 

(10
20

 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 in 10
40

, and for thrice the steps, 10
60

. The 

probability (or improbability) is clearly a function of the number of transition ñstepsò identified.  

The ñfourò steps in the mousetrap transition above is an arbitrary number, and indeed could be 

decomposed to many further sub-steps when dealing with the level of random mutations.  

 

      Each of the subsequent transitions (2-3, 3-4, 4-5) proved subject to the same argument.  

Figure 5.2.  Mousetraps #1 (left) and  #2 (right). 

Figure 5.3.  Traps Five (left) and Six (right) from the second series.  

Trap Six now has a hold-down bar hooked into the platform and 

lodged (lightly) under the hammer arm. 
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McDonald then produced a more refined series of traps.
6
   He 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 efficiency of the device. Yet there are still problematic transformations between 

many of his steps.
7
 For example, in the second series, the transition between a simpler spring trap 

(Figure 5.3, Trap Five) and one now employing a hold-down bar (Figure 5.3, Trap Six) is  a 

visual statement of the difficulty of the problem.  Even if the simpler trap were to become a 

biologically based analog ï a largish ñmouse-catcher beetleò ï sprouting six legs and a digestive 

system for the mice it catches, the environmental events and/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 argument is that indeed biological ñpartsò exist 

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 functioning wholes.   Kevin Miller considered this the finding of Melendez-Hevia 

et al. (1996) in the realm of the Krebs cycle.
8
   Miller applies this logic to the mousetrap. Each 

component can be conceived to be an independently functional part.  For example, the hold-down 

bar can serve as a ñtoothpick,ò the platform as ñkindling,ò three of the components can work 

together as a ñtie clipò (platform, spring and hammer),  and so on.  The implication of this 

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 weak AI theorists, or they know 

something the AI folks donôt know.  The fact is, this is where the evolutionists have blundered 

into the problem we have already met in Chapter III, that greatest of unsolved, in fact abandoned, 

problems of AI ï commonsense knowledge.  We shall explore this now. 

 

The Problem of the Mousetrap in AI  

 

      Ironically, my own intellectual career, such as it is, had 

an early phase wherein I contemplated what it would take for 

an AI program to design a mousetrap.
9
  This is precisely the 

realm of commonsense knowledge.  We saw a glimpse of 

this in Chapter III and DORA; we go deeper and from a 

different angle here. The problem was presented as an initial 

list of components.  For example, and not exhaustively, a 

12ò cubical box, a sharpened pencil, a razorblade, a length of 

string, paper clips, rubber bands, staples, toothpicks, and of 

course a piece of (Wisconsin) cheese.  From this, the task is 

to create a mousetrap.  (At the time, I believe this was used 

as a creativity test for future engineers.)   One AI program I considered was Freeman and 

Newellôs.
10

   This program had a list of functional requirements and functional provisions for 

various objects.  For example, to design a KNIFE, the program discovered that a BLADE 

provided cutting (a functional provision), but required holding (a functional requirement).  A 

HANDLE provided holding.  By matching the requirements to the provisions, the program 

ñdesignedò a knife.   It is precisely the implicit approach of Kevin Mill er, as noted above. 

 

      I tried mightily to imagine how such a program would work in the mousetrap problem.   

There are many possible designs.  I 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 arrow) drawn 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.  Or I might devise a sort of ñbeheader,ò where the razorblade is 

embedded in the pencil as an axe (Figure 5.4), the pointed pencil-end lodged in a corner, the 

whole ñaxeò propped up by a toothpick with downward tension from the rubber band, string 

Figure 5.4.  The pencil-axe. 
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attached to the toothpick for a trip mechanism, etc.  

 

      What, I asked, would the database of functional provisions and requirements look like?  To 

make the story short, I will say that I quickly abandoned any hope for this scheme.  The problem 

is far larger.  One rapidly starts to entertain the storage of ñfeatures.ò  Noticing the ñsharpnessò of 

the pencil was integral to seeing it as supportive of the killing-function within the crossbow 

architecture. It is doubtful that ñkillingò or ñpiercingò would have been listed in the database as 

ñfunctional provisionsò of a pencil.  The corner of the box provided ñholdingò for the pencil-axe, 

and while it is doubtful this would have been listed as a functional provision of box corners, it 

seems a type of feature.  Note, meanwhile, that in the axe case, the pencil ñprovidesò something 

quite different from the pencil as arrow, while a certain feature of strength and rigidity has 

emerged in this context.                                                  

 

      So do we envision a list of pre-defined ñfeaturesò for each object in our database?  At a later 

date, as we have seen, in essence this would be the approach of well-known AI ñanalogy makingò 

programs. But features are very ephemeral.  Just like the ñverticesò and ñedgesò of the rotating 

ñGibsonianò cube,  they are functions of transformations.  A fishing rod can be flexible under one 

transformation, sufficiently rigid under another.  A floppy sock, under the appropriate ñswattingò 

transformation, gains the rigidity and mass to become a handy fly-swatter.  The pencilôs rigidity 

under one transformation may change to just 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 

 

      McDonald, as we saw, performed two ñbendingò transformations on the wire of mousetrap #1 

to obtain mousetrap #2.  This form of dynamic transformation in thought heavily impressed the 

Gestalt psychologist, Max Wertheimer (Productive Thinking, 1945).  He had observed children in 

a classroom being taught, via drawings of a parallelogram on the blackboard, the traditional, 

algorithmic method of dropping a perpendiculars to find the area, a method which in effect turns 

the figure into a rectangle for easy computation of the area (length x height).  Yet, when 

Wertheimer himself went to the board and drew a slightly rotated version of the parallelogram 

figure, he was shocked to see that the children failed to extend the method.  They no longer knew 

what to do, exclaiming, ñWe havenôt had that yet!ò   But outside the algorithmic-oriented 

classroom, Wertheimer observed a five year-old 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 rectangle (to now compute the area easily).  This was bettered by the 

dynamic transformation exhibited by another five year-old child who formed the cardboard 

parallelogram into a cylinder, then asked for a scissors to cut it in half, announcing it would now 

make a rectangle.  

 

        It is this dynamic ñfoldingò transformation among others that physicist and mathematician 

Roger Penrose (Shadows of the Mind) uses in examples of what he felt is ñnon-computational 

thoughtò ï forms of thought that he felt could not be handled by the computer model of mind and 

its foundational concept of ñcomputation.ò  The formal definition of ñcomputationò was provided 

by Alan Turing and embodied in an abstract computing machine he described consisting of a 

read-head and an infinite tape.  It is now called the Turing 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.  Obviously, if thought 
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is truly ñnon-computational,ò it is then beyond 

the computer mode, for it is then beyond the 

computation of a Turing Machine.   Thus the 

computer-as-mind theorists attacked Penrose 

mercilessly.  None of his critics noticed that in 

his examples of non-computational thought,  

Penrose had gravitated towards 

transformations and invariance.  That is, none 

of his critics grasped its significance. In his 

proof that successive sums of hexagonal 

numbers are always a cubical number (hence a 

computation that does not stop), he initially 

folds a hexagonal structure into a three-sided 

cube.  He then has us imagine building up any 

cube by successively stacking (another 

transformation) these three-faced arrangements, 

giving each time an ever larger cube (Figure 

5.5). This is a dynamic transformation over 

time, in fact multiple transformations with invariants 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 the three-faced structural 

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 = 5 x 3.  Each side 

of the equation is different, and we can display this visually as: 

 

                                      3x5      (¶¶¶¶¶) (¶¶¶¶¶) (¶¶¶¶¶)  

                                      5x3    (¶¶¶) (¶¶¶) (¶¶¶) (¶¶¶) (¶¶¶). 

 

A computational procedure to ascertain the equality of 3x5 and 5x3 would now involve counting 

the elements in each group to see that we have 15 in each.  But we can see this equality must be 

true by visualizing the array: 

 

                                                                 ¶ ¶ ¶ ¶ ¶ 

                                                                 ¶ ¶ ¶ ¶ ¶ 

                                                                 ¶ ¶ ¶ ¶ ¶. 

 

      If we rotate this through a right angle in our mind's eye, we can see that nothing has changed 

ï the new 5x3 array we see has the same number of elements as the 3x5 array pictured.  We have 

invariance.  

 

       These cases are images of events.  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 simply another version of the problem of perception.  If you cannot explain the 

origin of the perceptual image of the external world, you arenôt going to have much luck 

explaining the origin of internal mental images for these images are only the retrieval of 

originally perceived external events, or a creative combinations thereof.  

Figure 5.5.  Successive cubes built from side, 

wall, and ceiling.  Each side, wall, and ceiling 

structure make a hexagonal number (1, 7, 19, 

37é)   
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         Cognitive Science was born 

with the advent of the computer 

metaphor of mind and brain.  The 

essence of this model, we have 

seen, is that the operations of the 

brain can be described as the 

manipulations of abstract 

ñsymbols.ò  The tone was 

completely 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 and 

symbols.  The meaning of a 

sentence is supposed to be solely 

the end result of the set of 

manipulations of these symbols 

via the set of rules.  This is the ever present abstract space and abstract time at the bottom of 

theoretical thinking. Time means nothing here.  The manipulations are scale-less with 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, and S = NP + VP, etc.  The end result is the 

same.   

                                                  

         The reality is quite different.   Let the 

sentence be, ñThe man stirred the coffee with 

the spoon.ò  The linguistic symbol set, with 

its words and syntax, is simply a mediating 

device to move the mind to perceive an event.  

The sentence helps guide the modulation of 

the appropriate reconstructive wave.  In this 

case it is the event of coffee stirring.  Coffee 

stirring, as a dynamic event, is again defined 

by invariance laws and transformations 

(Figure 5.7).  There is the radial flow field of 

the liquid surface being stirred.  The size of 

the cup is constant due to the constant ratio of 

texture units 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 context of the origin of the ñfeatures of a cupò in Chapter III, it is 

as if we have recorded a ñstackò of wave fronts on a hologram plate, all with nearly the same 

reference wave.  If we pass a reconstructive wave through, the invariants are highlighted in the 

resulting image, the variants wash out.  Some of the invariants that emerge:  the cup always stays 

put on the table while it is stirred, the color of the cup does not change, there is a certain auditory 

ñclinkò from the spoon, there is a common circular motion of the spoon, there is an instrument 

with sufficient width and rigidity to move the liquid, and many, many more.  

Figure 5.6  More sentences generated by syntactic rule 

structure.   Note that these can appear semantically 

meaningless.   

 

Figure 5.7.  ñStirringò as an invariance structure. 


