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cnAPrER 1

PROTOGUE
Everything should be made as simple as possible,

but not simPler.
- A L s r n r  E l N s r s r N

This book tries to explain how minds work. How can intelligence emerge from nonintelli-
gence? To answer that, we'll show that you can build a mind from many little parts, each
mindless by itself.

I'll call "Society of Mind" this scheme in which each mind is made of many smaller processes.
These we'll call agents. Each mental agent by itself can only do some simple thing that needs
no mind or thought at all. Yet when we join these agents in societies-in certain very special
ways-this leads to true intelligence.

There's nothing very technical in this book. It, too, is a society-of many small ideas. Each
byitself isonlycommonsense,yetwhenwe joinenough of themwecanexplainthestrangest
mysteries of mind.

One trouble is that these ideas have lots of cross-connections. My explanations rarely go in
neat, straight lines from start to end. I wish I could have lined them up so that you could climb
straight to the top, by mental stair-steps, one by one. lnstead they're tied in tangled webs.

Perhaps the fault is actually mine, for failing to find a tidy base of neatly ordered principles.
But I'm inclined to lay the blame upon the nature of the mind: much of its power seems to
stem from just the messy ways its agents cross-connect. If so, that complication can't be helped;
it's only what we must expect from evolution's countless tricks.

What can we do when things are hard to describe? We start by sketching out the roughest
shapes to serve as scaffolds for the rest; it doesn't matter very much if some of those forms turn
out partially wrong. Next, draw details to give these skeletons more lifelike flesh. Last, in the
final filling-in, discard whichever first ideas no longer fit.

That's what we do in real life, with puzzles that seem very hard. [t's much the same for
shattered pots as for the cogs of great machines. Until you've seen some of the rest, you can't
make sense of any part.



I.I THE AGENTS OF THE MIND

Good theories of the mind must span at least three different scales of time: slow, for the
billion years in which our brains have evolved; fast, for the fleeting weeks and months of infancy
and childhood; and in between, the centuries of growth of our ideas through history.

To explain the mind, we have to show how minds are built from mindless stuff, from parts
that are much smaller and simpler than anything we'd consider smart. Unless we can explain
the mind in terms of things that have no thoughts or feelings of their own, we'll only have gone
around in a circle. But what could those simpler particles be-the "agents" that compose our
minds? This is the subject of our book, and knowing this, let's see our task. There are many
questions to answer.

Function: How do agents work?
Embodiment: What are they made oft

Interaction: How do they communicate?
Origins: Where do the first agents come from?

Heredity: Are we all born with the same agents?
Learning: How do we make new agents and change old ones?

Character: What are the most important kinds of agents?
Authority: What happens when agents disagree?
Intention: How could such networks want or wish?

Competence: How can groups of agents do what separate agents cannot do?
Selfiress: What gives them unity or personolity?

Meaning: How could they understand anything?
Sensibility: How could they have feelings and emotions?
Awareness: How could they be conscious or self-aware?

How could a theory of the mind explain so many things, when every separate question seems
too hard to answer by itself? These questions all seem difficult, indeed, when we sever each
one's connections to the other ones. But once we see the mind as a society of agents, each
answer will illuminate the rest.

t 8 P N  O L O  G U E



I.2 THE MIND AND THE BRAIN

It was never supposad lthe poet Imlac said] fhaf cogitation is
inherent in matter, or that every particle is a thinking being. Yet if
any part of matter be devoid of thought, what part cdn we suppose

to think? Matter can differ from matter only in form, bulk,
density, motion and direction of motion: to which of these,

howeyer varied or combined, can consciousness be annexed? To be
round or squdre, to be solid or fluid, to be great or little, to be

moved slowly or swiftly one wdy or another, are modes of material
existence, all equally alien from the nature of cogitation. If matter
be once without thought, it can only be made to think by some new

modification, but all the modifications which it can admit are
equally unconnected with cogitative powers.

- S e t v r u e  l  J o H N s o N

How could solid-seeming brains support such ghostly things as thoughts? This question
troubled many thinkers of the past. The world of thoughts and the world of things appeared to
be too far apart to interact in any way. So long as thoughts seemed so utterly different from
everything else, there seemed to be no place to start.

A few centuries ago it seemed equally impossible to explain Life, because living things ap-
peared to be so different from anything else. Plants seemed to grow from nothing. Animals
could move and learn. Both could reproduce themselves-while nothing else could do such
things. But then that awesome gap began to close. Every living thing was found to be composed
of smaller cells, and cells turned out to be composed of complex but comprehensible chemicals.
Soon it was found that plants did not create any substance at all but simply extracted most of
their material from gases in the air. Mysteriously pulsing hearts turned out to be no more than
mechanical pumps, composed of networks of muscle cells. But it was not until the present
century that fohn von Neumann showed theoretically how cell-machines could reproduce
while, almost independently, fames Watson and Francis Crick discovered how each cell ac-
tually makes copies of its own hereditary code. No longer does an educated person have to seek
any special, vital force to animate each living thing.

Similarly, a century ago, we had essentially no way to start to explain how thinking works.
Then psychologists like Sigmund Freud and fean Piaget produced their theories about child
development. Somewhat later, on the mechanical side, mathematicians like Kurt Godel and
Alan Turing began to reveal the hitherto unknown range of what machines could be made to
do. These two streams of thought began to merge only in the 1940s, when Warren McCulloch
and Walter Pitts began to show how machines might be made to see, reason, and remember.
Research in the modern science of Artificial Intelligence started only in the 1950s, stimulated
by the invention of modern computers. This inspired a flood of new ideas about how machines
could do what only minds had done previously.

Most people still believe that no machine could ever be conscious, or feel ambition, jealousy,
humor, or have any other mental life-experience. To be sure, we are still far from being able to
create machines that do all the things people do. But this only means that we need better
theories about how thinking works. This book will show how the tiny machines that we'll call
"agents of the mind" could be the long sought "particles" that those theories need.

P R O L O G U E l 9



I.3 THE SOCIEIT OF MIND

You know that everything you think and do is thought and done by you. But what's a "yotr"?
What kinds of smaller entities cooperate inside your mind to do your work? To start to see how
minds are like societies, try this: pick uf a cup of tea!

Your GRASPING agents want to keep hold of the cup.
Your BALANCING agents want to keep the tea from spilling out.
Your THIRST agents want you to drink the tea.
Your MOVING agents want to get the cup to your lips.

Yet none of these consume your mind as you roam about the room talking to your friends.
You scarcely think at all aboutBalance;Balance has no concern with Grasp; Grasp has no
interest inThirst; andThirst is not involved with your social problems. Why not? Because they
can depend on one another. If each does its own little job, the really big iob will get done by all
of them together: drinking tea.

How many processes are going on, to keep that teacup level in your grasp? There must be at
least a hundred of them, just to shape your wrist and palm and hand. Another thousand muscle
systems must work to manage all the moving bones and joints that make your body walk
around. And to keep everything in balance, each of those processes has to communicate with
some of the others. What if you stumble and start to fall? Then many other processes quickly
try to get things straight. Some of them are concerned with how you lean and where you place
your feet. Others are occupied with what to do about the tea: you wouldn't want to burn your
own hand, but neither would you want to scald someone else. You need ways to make quick
decisions.

All this happens while you talk, and none of it appears to need much thought. But when you
come to think of it, neither does your talk itself. What kinds of agents choose your words so
that you can express the things you mean? How do those words get arranged into phrases and
sentences, each connected to the next? What agencies inside your mind keep track of all the
things you've said-and, also, whom you've said them to? How foolish it can make you feel
when you repeat-unless you're sure your audience is new.

We're always doing several things at once, like planning and walking and talking, and this all
seems so natural that we take it for granted. But these processes actually involve more ma-
chinery than anyone can understand all at once. So, in the next few sections of this book, we'll
focus on just one ordinary activity-making things with children's building-blocfts. First we'll
break this process into smaller parts, and then we'll see how each of them relates to all the other
parts.

In doing this, we'll try to imitate how Galileo and Newton learned so much by studying the
simplest kinds of pendulums and weights, mirrors and prisms. Our study of how to build with
blocks will be like focusing a microscope on the simplest objects we can find, to open up a great
and unexpected universe. It is the same reason why so many biologists today devote more
attention to tiny germs and viruses than to magnificent lions and tigers. For me and a whole
generation of students, the world of work with children's blocks has been the prism and the
pendulum for studying intelligence.

In science, one cdn learn the most by studying what seems the least.

20 P N O  L O G U E



I.4 THE WORTD OF BTOCKS

Imagine a child playing with blocks, and imagine that

smallei minds. Call them mental agents. Right now, an

Builder's specialty is making towers from blocks'

this child's mind contains a
agent called Budlder is in

Choose a place to start the tower.
Add a new blockto the tower.
Decide whether it is high enough.

First ADD must FIND a new block.
Then the hand must GET that
blod< and PUT it on the towertoP.

host of
control.

Our child likes to watch a tower grow as each new block is placed on top. -But building a

tower is too complicated a job for any single, simple agent, soBuilder has to ask for help from

several other agents:

In fact, even to find another block and place it on the J9*-". top is too lig f9r a iob for any

,ir,gf.lg.*. So Add, in turn, must call for other agents'help. Before we're done, we'll need

more agents than would fit in any diagram'

FIN
/

SEE
/ l \

D GET PI,,T
, / \  /  \

GRASP IIOVE RETEASE

/ r \  / l \  / l \

Why break things into such small parts? Because minds, like towers, are made that way-

.*".pi that they'rJ composed of processes instead of blocks. And if making stacks of blocks

,..-, insignificant-remember that you didn't always feel that way. When first you found

some buil{ng toys in early childhood, you probably spent foyful weeks of learning what to do

with them. ti suth toys now seem relatively dull, then you must ask yourself how you have

changed. Before you turned to more ambitious things, it once seemed strange and wonderful

to be-able to build a tower or a house of blocks. Yet, though all grown-up persons know how to

do such things, no one understands how we leam to do them! And that is what will concern us

here. To pile up blocks into heaps and rows: these are skills each of us learned so long ago that

we can't remember learning them at all. Now they seem mere common sense-and that's what

makes psychology hard. This forgetfulness, the amnesia of infancy, makes us assume that all

o,r, *orrd"rful abilities were always there inside our minds, and we never stop to ask ourselves

how they began and grew.

BUITDER
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I.5 COMMON SENSE

You cannot think about thinking, without thinking about
thinking about something.

- S e v u o u R  P e p n n r

We found a way to make our tower builder out of parts. But Builder is really far from done.
To build a simple stack of blocks, our child's agents must accomplish all these other things.

See must recognize its blocks, whatever their color, size, and place-in spite of
different backgrounds, shades, and lights, and even when they're partially obscured
by other things.

Then, once that's done, Move has to guide the arm and hand through complicated
paths in space, yet never strike the tower's top or hit the child's face.

And think how foolish it would seem, if Find were to see, and Grasp were to grdsp,
a block supporting the tower top!

When we look closely at these requirements, we find a bewildering world of complicated
questions. For example, how could Flnd determine which blocks are still available for use? It
would have to "understand" the scene in terms of what it is trying to do. This means that we'll
need theories both about what it means to understand and about how a machine could have a
goal. Consider all the practical judgments that an actual Builder would have to make. It would
have to decide whether there are enough blocks to accomplish its goal and whether they are
strong and wide enough to support the others that will be placed on them.

What if the tower starts to sway? A real builder must guess the cause. It is because some joint
inside the column isn't square enough? Is the foundation insecure, or is the tower too tall for
its width? Perhaps it is only because the last block was placed too roughly.

All children learn about such things, but we rarely ever think about them in our later years.
By the time we are adults we regard all of this to be simple "common sense." But that deceptive
pair of words conceals almost countless different skills.

Common sense is not a simple thing. Insteod, it is an immense society of hard-
earned practical ideas-of multitudes of life-learned rules and exceptions, disposi-
tions ond tendencies, balances and checks.

If common sense is so diverse and intricate, what makes it seem so obvious and natural? This
illusion of simplicity comes from losing touch with what happened during infancy, when we
formed our first abilities. As each new group of skills matures, we build more layers on top of
them. As time goes on? the layers below become increasingly remote until, when we try to
speak of them in later life, we find ourselves with little more to say than "I don't know."
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I.6 AGENTS AND AGENCIES

We want to explain intelligence as a combination of simpler things. This means that we must
be sure to check, at every step, that none of our agents is, itself, intelligent. Otherwise, our
theory would end up resembling the nineteenth-century "chessplaying machine" that was ex-
posed by Edgar Allan Poe to actually conceal a human dwarf inside. Accordingly, whenever we
find that an agent has to do anything complicated, we'll replace it with a subsociety of agents
that do simpler things. Because of this, the reader must be prepared to feel a certain sense of
loss. When we break things down to their smallest parts, they'll each seem dry as dust at first,
as though some essence has been lost.

For example, we've seen how to construct a tower-building skill by making Builder from little
parts like Find and Gef. Now, where does its "knowing-how-to-build" reside when, clearly, it is
not in any part-and yet those parts are all that Builder is? The answer: It is not enough to
explain only what each separate agent does. We must also understand how those parts are
interrelated-that is, how groups of agents can accomplish things.

Accordingly, each step in this book uses two different ways to think about agents. If you were
to watch Builder work, from the outside, with no idea of how it works inside, you'd have the
impression that it knows how to build towers. But if you could see Builder from the inside,
you'd surely find no knowledge there. You would see nothing more than a few switches,
arranged in various ways to turn each other on and off. Does Builder "really know" how to
build towersi The answer depends on how you look at it. Let's use two different words, "dgent"
and"agencyj'to say why Builder seems to lead a double life. As agency, it seems to know its
fob. As agent, it cannot know anything at all.

Seen by itself, as an agent, BUILDER
is just a slmple procass that tums other
agents on and off.

Seen from outside, as an agency,
BUILDER does whatever all its
subagents aaomplish, using
one anothels help.

When you drive a car, you regard the steering wheel as an agency that you can use to change
the car's direction. You don't care how it works. But when something goes wrong with the
steering, and you want to understand what's happening, it's better to regard the steering wheel
as just one agent in a larger agency: it turns a shaft that turns a gear to pull a rod that shifts the
axle of a wheel. Of course, one doesn't always want to take this microscopic view; if you kept
all those details in mind while driving, you might crash because it took too long to figure out
which way to turn the wheel. Knowing how is not the same as knowing why. In this book, we'll
always be switching between agents and agencies because, depending on our purposes, we'll
have to use different viewpoints and kinds of descriptions.
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TVHOLES AND
PARTS

It is the nature of the mind that makes individuals kin, and the
differences in the shape, form, or mdnner of the material atoms

out of whose intricate relationships that mind is built are
altogether trivial.
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2.I COMPONENTS AND CONNECTIONS

We saw that Builder's skill could be reduced to the simpler skills of Get and Puf. Then we
saw how these, in turn, could be made of even simpler ones. Get merely needs to Move the
hand to Grasp the block that Find just found. Put only has to Move the hand so that it puts
that block upon the tower top. So it might appear that all of Builder's functions have been
"reduced" to things that simpler parts can do.

But something important has been left ort. Builder is not merely a collection of parts like
Find, Cet, Put, and all the rest. For Builder would not work at all unless those agents were
linked to one another bv a suitable nehvork of interconnections.

P U T  B E G I N

GRASP RELEASE
FIND.PLACE

Agents by Themselves
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Could you predict what Builder does from knowing just that left-hand list? Of course not;
you must also know which agents work for which. Similarly, you couldn't predict what would
happen in a human community from knowing only what each separate individual can do; you
must also know how they are organized-that is, who talks to whom. And it's the same for
understanding any large and complex thing. First, we must know how each separate part works.
Second, we must know how each part interacts with those to which it is connected. And third,
we have to understand how all these local interactions combine to accomplish what that system
does-as seen from the outside.

In the case of the human brain, it will take a long time to solve these three kinds of problems.
First we will have to understand how brain cells work. This will be difficult because there are
hundreds of different types of brain cells. Then we'll have to understand how the cells of each
type interact with the other types of cells to which they connect. There could be thousands of
these different kinds of interactions. Then, finally, comes the hardest part: we'll also have to
understand how our billions of brain cells are organized into societies. To do this, we'll need to
develop many new theories and organizational concepts. The more we can find out about how
our brains evolved from those of simpler animals, the easier that task will be.

B U I L D E R
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2,2 NOVEIISTS AI{D REDUCTIONISTS

It's always best when mysteries can be explained in terms of things we know. But when we
find this hard to do, we must decide whether to keep trying to make old theories work or to
discard them and try new ones. I think this is partly a matter of personality. Let's call "Reduc-
tionists" those people who prefer to build on old ideas, and "Novelists" the ones who like to
champion new hypotheses. Reductionists are usually right-at least at science's cautious core,
where novelties rarely survive for long. Outside that realm, though, novelists reign, since older
ideas have had more time to show their flaws.

It really is amazing how certain sciences depend upon so few kinds of explanations. The
science of physics can now explain virtually everything we see, at least in principle, in terms of
how a very few kinds of particles and force-fields interact. Over the past few centuries reduc-
tionism has been remarkably successful. What makes it possible to describe so much of the
world in terms of so few basic rules? No one knows.

Many scientists look on chemistry and physics as ideal models of what psychology should be
like. After all, the atoms in the brain are subject to the same all-inclusive physical laws that
govern every other form of matter. Then can we also explain what our brains actually do
entirely in terms of those same basic principles? The answer is no, simply because even if we
understood how each of our billions of brain cells work separately, this would not tell us how
the brain works as an agency. The "laws of thought" depend not only upon the properties of
those brain cells, but also on how they are connected. And these connections are established
not by the basic, "general" laws of physics, but by the particular arrangements of the millions
of bits of information in our inherited genes. To be sure, "general" laws apply to everything.
But, for that very reason, they can rarely explain anything in particular.

Does this mean that psychology must reiect the laws of physics and find its own? Of course
not. It is not a matter of different laws, but of additional kinds of theories and principles that
operate at higher levels of organization. Our ideas of how Builder works as an agency need not,
and must not, conflict with our knowledge of how Builder's lowerlevel agents work. Each
higher level of description must add to our knowledge about lower levels, rather than replace
it. We'll return to the idea of "level" at many places in this book.

Will psychology ever resemble any of the sciences that have successfully reduced their sub-
jects to only a very few principles? That depends on what you mean by "few. " In physics, we're
used to explanations in terms of perhaps a dozen basic principles. For psychology, our expla-
nations will have to combine hundreds of smaller theories. To physicists, that number may
seem too large. To humanists, it may seem too small.
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2.3 PARTS AND WHOTES

We're often told that certain wholes are "more than the sum of their parts." We hear this
expressed with reverent words like "holistic" and "gestalt," whose academic tones suggest that
they refer to clear and definite ideas. But I suspect the actual function of such terms is to
anesthetize a sense of ignorance. We say "gestalt" when things combine to act in ways we can't
explain, "holistic" when we're caught off guard by unexpected happenings and realize we
understand less than we thought we did. For example, consider the two sets of questions below,
the first "subjective" and the second "objective":

What makes a drawing more than iust its separdte lines?
How is a personality more than a set of traits?
In what way is a culture more than d mere collection of customs?

What makes a tower more than separate blocksT
Why is a chain more than its various links?
How is a wall more than a set of many bricks?

Why do the "objective" questions seem less mysterious? Because we have good ways to
answer them-in terms of how things interact. To explain how walls and towers work, we just
point out how every block is held in place by its neighbors and by gravity. To explain why
chainlinks cannot come apart, we can demonstrate how each would get in its neighbors'way.
These explanations seem almost self-evident to adults. However, they did not seem so simple
when we were children, and it took each of us several years to learn how real-world objects
interact-for example, to prevent any two objects from ever being in the same place. We regard
such knowledge as "obvious" only because we cannot remember how hard it was to learn.

Why does it seem so much harder to explain our reactions to drawings, personalities, and
cultural traditions? Many people assume that those "subjective" kinds of questions are impossi-
ble to answer because they involve our minds. But that doesn't mean they can't be answered.
It only means that we must first know more about our minds.

"Subiective" reactions are also based on how things interact. The difference is that
here we are not concerned with obiects in the wortd outside, but with processes
inside our brains.

In other words, those questions about arts, traits, and styles of life are actually quite techni-
cal. They ask us to explain what happens among the agents in our minds. But this is a subject
about which we have never learned very much-and neither have our sciences. Such questions
will be answered in time. But it will just prolong the wait if we keep using pseudo-explanation
words like "holistic" and "gestalt." True, sometimes giving names to things can help by leading
us to focus on some mystery. It's harmful, though, when naming leads the mind to think that
names alone bring meaning close.
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2.4 HOTES AND PARTS

It has been the persuasion of an immense maiority of human
beings that sensibility and thought fas distinguished from matter]
dre, in their own ndture, Iess susceptible of division and decay, and

that, when the body is resolved into its elements, the principle
which animated it will remain perpetual and unchanged. However,
it is probable that what we call thought is not an actual being, but
no more than the relation between certain parts of that infinitely
varied mass, of which the rest of the uniyerse is composed, and

which cedEes to exist ds soon as those parts change their position
with respect to each other.

-Pnncy  BvssHs  SHer r -ny

What is Life? One dissects a body but finds no life inside. What is Mind? One dissects a brain
but finds no mind therein. Are life and mind so much more than the "sum of their parts" that
it is useless to search for them? To answer that, consider this parody of a conversation between
a Holist and an ordinary Citizen.

Holist: "l'll prove no box can hold d mouse. A box is made by nailing six boards
together. But it's obvious that no box ean hold o mouse unless it has some'moTtse-
tightness' or'containment.'Novt, no single board contains any containment, since
the mouse can iust walk away from it. And if there is no containment in one board,
there can't be any in six boards. So the box can have no mousetightness at aII.
Theoretically, then, the mouse can escape!"

Citizen: "Amazing. Then what does keep d mouse in a box?"

Holist: "Oh, simple. Even though it has no real mousetightness, a good box can
'simulate' it so well that the mouse is fooled and can't figure out how to escape."

What, then, keeps the mouse confined? Of course, it is the way a box prevents motion in all
directions, because each board bars escape in a certain direction. The left side keeps the mouse
from going left, the right from going right, the top keeps it from leaping out, and so on. The
secret of a box is simply in how the boards are arranged to prevent motion in all directions!
That's what confoining means. So it's silly to expect any separate board by itself to contain any
containmenf, even though each contributes to the containing. It is like the cards of a straight
flush in poker: only the full hand has any value at all.

The same applies to words like life and mind.It is foolish to use these words for describing
the smallest components of living things because these words were invented to describe how
larger assemblies interact. Like boxing-ln, words like living and thinking are useful for describ-
ing phenomena that result from certain combinations of relationships. The reason box seems
nonmysterious is that everyone understands how the boards of a well-made box interact to
prevent motion in any direction. In fact, the word life has already lost most of its mystery-at
least for modern biologists, because they understand so many of the important interactions
among the chemicals in cells. But mind still holds its mystery-because we still know so little
about how mental agents interact to accomplish all the things they do.
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2.5 EASY THINGS ARE TIARD

In the late 1960s Builder was embodied in the form of a computer program at the MIT
Artificial Intelligence Laboratory. Both my collaborator, Seymour Papert, and I had long de-
sired to combine a mechanical hand, a television eye, and a computer into a robot that could
build with children's building-blocks. It took several years for us and our students to develop
Mo,,te, See, Grasp, and hundreds of other little programs we needed to make a working Builder-
agency. I like to think that this project gave us glimpses of what happens inside certain parts of
children's minds when they learn to "play" with simple toys. The project left us wondering if
even a thousand microskills would be enough to enable a child to fill a pail with sand. [t was
this body of experience, more than anything we'd learned about psychology, that led us to
many ideas about societies of mind.

To do those first experiments, we had to build a mechanical Hand, equipped with sensors for
pressure and touch at its fingertips. Then we had to interface a television camera with our
computer and write programs with which that Eye could discern the edges of the building-
blocks. It also had to recognize the Hand itself. When those programs didn't work so well, we
added more programs that used the fingers'feeling-sense to verify that things were where they
visually seemed to be. Yet other programs were needed to enable the computer to move the
Hand from place to place while using the Eye to see that there was nothing in its way. We also
had to write higher-level programs that the robot could use for planning what to do-and still
more programs to make sure that those plans were actually carried out. To make this all work
reliably, we needed programs to verify at every step (again by using Eye and Hand) that what
had been planned inside the mind did actually take place outside-or else to correct the
mistakes that occurred.

In attempting to make our robot work, we found that many everyday problems were much
more complicated than the sorts of problems, puzzles, and games adults consider hard. At
every point, in that world of blocks, when we were forced to look more carefully than usual, we
fogd an unexpected universe of complications. Consider just the seemingly simple problem
of not reusing blocks already built into the tower. To a person, this seems simple common
sense: "Don't use dn obiect to satisfy d new goal if that obiect is already involved ii accomplish-
ing a pior godl." No one knows exactly how human minds do this. Clearly we learn from
experience to recognize the situations in which difficulties are likely to occur, and when we're
older we learn to plan ahead to avoid such conflicts. But since we cannot be sure what will
work, we must learn policies for dealing with uncertainty. Which strategies are best to try, and
which will avoid the worst mistakes? Thousands and, perhaps, millions of little processes must
be involved in how we anticipate, imagine, plan, predict, 

"nd 
pr.u.nt-and yet ail this proceeds

so automatically that we regard it as "ordinary common sense." But if thinking is so compli-
cated, what makes it seem so simple? At first it may seem incredible that our minds could use
such intricate machinery and yet be unaware of it.

In general, we're least dwdre of what our minds do best.

It's mainly when our other systems start to fail that we engage the special agencies involved
with what we call "consciousness." Accordingly, we're more i*"r. of smpte processes that
don't work well than of complex ones that work fawlessly. This means that we cannot trust our
offhand iudgments about which of the things we do are simple, and which require complicated
machinery. Most times, each portion of the mind can only sense how quietly the other iortions
do their iobs.
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2.6 ARE PEOPTE MACHINES?

Many people feel offended when their minds are likened to computer programs or machines.
We've seen how a simple tower-building skill can be composed of smaller parts. But could
anything like a real mind be made of stuff so trivial?

"Ridiculous," most people say. "f certainly don't feel like a mochine!"

But if you're not a machine, what makes you an authority on what it feels like to be a
machine? A person might reply, "I think, therefore I know how the mind works." But that would
be suspiciously like saying, "I driye my cdr, therefore I know how its engine 1torks." Knowing
how to use something is not the same as knowing how it works.

"But eteryone knows that machines cdn behave only in lifeless, mechanical wdys."

This objection seems more reasonable: indeed, a person ought to feel offended at being
likened to any triyiol machine. But it seems to me that the word "machine" is getting to be out
of date. For centuries, words like "mechanical" made us think of simple devices like pulleys,
levers, locomotives, and typewriters. (The word "computerlike" inherited a similar sense of
pettiness, of doing dull arithmetic by little steps.) But we ought to recognize that we're still in
an early era of machines, with virtually no idea of what they may become. What if some visitor
from Mars had come a billion years ago to judge the fate of earthly life from watching clumps
of cells that hadn't even learned to crawl? In the same way, we cannot grasp the range of what
machines may do in the future from seeing what's on view right now.

Our first intuitions about computers came from experiences with machines of the 1940s,
which contained only thousands of parts. But a human brain contains billions of cells, each
one complicated by itself and connected to many thousands of others. Present-day computers
represent an intermediate degree of complexity; they now have millions of parts, and people

already are building billion-part computers for research on Artificial Intelligence. And yet, in

spite of what is happening, we continue to use old words as though there had been no change
at all. We need to adapt our attitudes to phenomena that work on scales never before con-

ceived. The term "machine" no longer takes us far enough.
But rhetoric won't settle anything. Let's put these arguments aside and try instead to under-

stand what the vast, unknown mechanisms of the brain may do. Then we'll find more self-

respect in knowing what wonderful machines we are.
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CHAPTER 3

CONFI,JCT AND
COMPROMISE



3.1 coNFucT

Most children not only like
another agent called Wrecker,
complicated noises and watch

to build, they also like to knock things
whose specialty is knocking-down. Our
so many things move all at once.

down. So let's imagine
child loves to hear the

Suppose Wrecker gets aroused, but there's nothing in sight to smash. Then Wrecfterwill have
to get some help-by putting Builder to work, for example. But what if, at some later time,
Wricker considers the tower to be high enough to smash, while Builder wants to make it taller
still? Who could settle that dispute?

The simplest policy would be to leave that decision to Wrecker, who was responsible for
activating Buitder in the first place. But in a more realistic picture of a child's mind, such
choices would depend on many other agencies. For example, let's assume that both Builder
andWreckeir were originally activated by a higher-level agent , Play-with-Blocks. Then, a conflict
might arise if Bull der andWrecker disagree about whether the tower is high enough.

E A T +  P L A Y
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What aroused Play-with-Blocks in the first place? Perhaps some even higher-level agent, Play,

was active first. Then, inside Play, the agentPlay-with-Blocks achieved control, in spite of two

competitors, Play-with-Dolls and Play-with-Animals. But even PIay itself, their mutual supe-
rior'in chief, must have had to compete with other higherJevel agencies like Eaf and Sleep.

For, after ali, a child's play is not an isolated thing but always happens in the context of other

real-life concerns. Whalever we may choose to do, there are always other things we'd also like

to do.
In several sections of this book, I will assume that conflicts between agents tend to migrate

upward to higher levels. For example, any prolonged conflict between Builder andWrecker will

tend to weakin their mutual superior, Ptay-with-Blocks. In turn, this will reduce Play-with'

Blocks'ability to suppress ifs rivals, Play-with-Dolls and Play-with-Animals. Next, if that con-

flict isn't settied ,oo.r, it will weaken the agent Play at the next-higher level. Then Eaf ot Sleep

might seize control.
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3.2 NONCOMPROMISE

To settle arguments, nations develop legal systems, corporations establish policies, and indi-
viduals may argue, fight, or compromise-or turn for help to mediators that lie outside them-
selves. What happens when there are conflicts inside minds?

Whenever several agents have to compete for the same resources, they are likely to get into
conflicts. If those agents were left to themselves, the conflicts might persist indefinitely, and
this would leave those agents paralyzed, unable to accomplish any goal. What happens then?
We'll assume that those agents' supervisors, too, are under competitive pressure and likely to
grow weak themselves whenever their subordinates are slow in achieving their goals, no matter
whether because of conflicts between them or because of individual incompetence.

The Principle of Noncompromis e: The longer an internal conflict persists among
an dgent's subordinates, the weaker becomes that agent's status dmong its own
competitors. lf such internal problems dren't settled soon, other agents will take
control and the agents formerly involved wiII be "dismissed."

So long as playing with blocks goes well, Play can maintain its strength and keep control. In
the meantime, though, the child may also be growing hungry and sleepy, becauie other pro-
cesses are arousing the agents Eaf and Sleep. So long as Eat and Sleep are not yet strongly
activated, PIay can hold them both at bay. However, any conflict inside Play will weaken it and
make i teas ie r  fo rEators leep to takeover .  Of  course ,  EatorS leepmustconquer in theend,
since the longer they wait, the stronger they get.

We see this in our own experience. We all know how easy it is to fight off small distractions
when things are going well. But once some trouble starts inside our work, we become increas-
ingly impatient and irritable. Eventually we find it so hard to concentrate that the least distur-
bance can allow another, different, interest to take control. Now, when any of our agencies
loses the power to control what other systems do, that doesn't mean it has to cease its own
internal activity. An agency that has lost control can continue to work inside itself-and thus
become prepared to seize a later opportunity. However, we're normally unaware of all those
other activities proceeding deep inside our minds.

Where does it stop, this process of yielding control to other agencies? Must every mind
contain some topmost center of control? Not necessarily. We sometimes settle con{iicts by
appealing to superiors, but other conflicts never end and never cease to trouble us.

At first, our principle of noncompromise may seem too extreme. After all. eood human
supervisors plan ahead to avoid conflicts in the first place, and-when they can't-they try to
settle quarrels locallybefore appealing to superiors. But we should not try to find a close in^iogy
between the low-level agents of a single mind and the members of a human community Thole
tiny mental agents simply cannot know enough to be able to negotiate with one anotirer or to
find effective ways to adiust to each other's interference. Only larger agencies could be re-
sourceful enough to do such things. Inside an actual child, the 

"genci.r 
responsible for Build-

ing and Wrecking might indeed become versatile enough to negotiate by oifering support for
one another's goals. "Pledse, Wrecker, wait a moment more till Builder add.s iltst one more
block: it's worth it for a louder crdsh!"

I

t,F
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3.3 HIERARCHIES

bu.reauc'ra.c/ n. the administration of government
through departments and subdivisions managed by

sets of officials followine an inflexible routine.
I-w nbrt ni. lJ nabri d ged D ic t ionary

As an agent, Builder does no physical work but merely turns on Begin, Add, and End.
Similarly, Add just orders Find, Put, and Get to do their iobs. Then these divide into agents
like Move and Grasp. It seems that it will never stop-this breaking-down to smaller things.
Eventually, it all must end with agents that do actual work, but there are many steps before we
get to all the little muscle-motor agents that actually move the arms and hands and finger ioints.
Thus Builder is like a highJevel executive, far removed from those subordinates who actually
produce the final product.

Does this mean that Builder's administrative work is unimportant? Not at all. Those lower-
level agents need to be controlled. It's much the same in human affairs. When any enterprise
becomes too complex and large for one person to do, we construct organizations in which
certain agents are concerned, not with the final result, but only with what some other agents
do. Designing any society, be it human or mechanical, involves decisions like these:

Which agents choose which others to do what iobs?
Who will decide which iobs are done at all?
Who decides what efforts to exPend?
How will conflicts be settledT

How much of ordinary human thought has Builder's character? The Builder we described is
not much like a human supervisor. It doesn't decide which agents to assign to which iobs,
because that has already been arranged. It doesn't plan its future work but simply carries out
fixed steps until End says the job is done. Nor has it any repertoire of ways to deal with
unexpected accidents.

Because our little mental agents are so limited, we should not try to extend very far the
analogy between them and human supervisors and workers. Furthermore, as we'll shortly see'
the relations between mental agents are not always strictly hierarchical. And in any case, such
roles are always relative. ToBiilder, Add is a subordinate, but toFind, Add is a boss' As for
yourself, it all depends on how you live. Which sorts of thoughts concern you most-the orders
you are made to take or those you're being forced to give?
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3.4 HETERJA'RCHIES

A hierarchical society is like a tree in which the agent at each branch is exclusively responsible
for the agents on the twigs that branch from it. This pattern is found in every field, because
dividing work into parts like that is usually the easiest way to start solving a problem. It is easy
to construct and understand such organizations because each agent has only a single iob to do:
it needs only to "look up" for instructions from its supervisor, then "look down" to get help
from its subordinates.

But hierarchies do not always work. Consider that when two agents need to use each other's
skills, then neither one can be "on top. " Notice what happens, for example, when you ask your
vision-system to decide whether the left-side scene below depicts three blocks-or only two.

6,,,u+!@

Whatyou see. ls lt this? Orthis?

The agent See could answer that if it could Move the front block out of the line of view. But,
in the course of doing that, Move might have to See if there were any obstacles that might
interfere with the arm's trajectory. At such a moment, Move would be working for See, and See
would be working for Move, both at the same time. This would be impossible inside a simple
hierarchy.

Most of the diagrams in the early parts of this book depict simple hierarchies. Later, we'll see
more cross-connected rings and loops-when we are forced to consider the need for menory,
which will become a constant subject of concern in this book. People often think of memory in
terms of keeping records of the past, for recollecting things that happened in earlier times. But
agencies also need other kinds of memory as well. See, for example, requires some sort of
temporary ru-emory in order to keep track of what next to do, when it starts one job before its
previous job is done. If each of See's agents could do only one thing at a time, it would soon
run out of resources and be unable to solve complicated problems. But if we have enough
memory, we can arrange our agents into circular loops and thus use the same agents over and
over again to do parts of several different jobs at the same time.
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3.5 DESTRUCTI\TENESS

In any actual child's mind,
Eat and Sleep. What happens
the agents Play controlled?

the urge to Play competes with
if another agent wrests control

other demanding urges, such
fromPlay, and what happens

as
to

+-+ El
. / l

@Ef,Olt

Suppose that our child is called away, no matter whether by someone else or by an internal
urge like Sleep. What happens to the processes remaining active in the mind? One part of the
child may still want to play, while another part wants to sleep. Perhaps the child will knock the
tower down with a sudden, vengeful kick. What does it mean when children make such scenes?
Is it that inner discipline breaks down to cause those savage acts? Not necessarily. Those
"childish" acts might still make sense in other ways.

Smashing takes so little time that Wrecker, freed from Play's constraint, need
persist for only one more kick to gain the satisfaction of a final crash-

Though childish yiolence might seem senseless by itself, it serves to communicate

frustration at the loss of goal. Even if the parent scolds, that iust confirms how
well the messdge was transmitted and received.

Destructive acts can seme constructive goals by leaving fewer problems to be solved.
That kick may leave d mess outside, yet tidy up the child's mind.

When children smash their treasured toys, we shouldn't ask for the reason why-since no
such act has a single cause. Besides, it isn't true, in a human mind, that when Sleep starts, then
Play must quit and all its agents have to cease. A real child can go to bed-yet still build towers
in its head.
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3.6 PAIN AI{D PI.EAST'RE SIMPIJFIED

When you're in pain, it's hard to keep your interest in other things. You feel that nothing's
more important than finding some way to stop the pain. That's why pain is so powerful: it makes
it hard to think of anything else. Pain simplifies your point of view.

When something gives you pleasure, then, too, it's hard to think of other things. You feel
that nothing's more important than finding a way to make that pleasure last. That's why
pleasure is so powerful. It also simplifies your point of view.

Pain's power to distract us from our other goals is not an accident; that's how it helps us to
survive. Our bodies are endowed with special nerves that detect impending iniuries, and the
signals from these nerves for pain make us react in special ways. Somehow, they disrupt our
concerns with long-term goals-thus forcing us to focus on immediate problems, perhips by
transferring control to our lowestlevel agencies. Of course, this can do more hat* lhan good,
especially when, in order to remove the source of pain, one has to make a complex plan.
Unfortunately, pain interferes with making plans by undermining interest in anything that's
not immediate. Too much suffering diminishes us by restricting the complexities that constitute
our very selves. It must be the same for pleasure as well.

We think of pleasure and pain as opposites, since pleasure makes us draw its object near
while pain impels us to reject its object. We also think of them as similar, since both make rival
goals seem small by turning us from other interests. They both distract. Why do we find such
similarities between antagonistic things? Sometimes two seeming opposites are merely two
extremes along a single scale, or one of them is nothing but the absence of the other-as in the
case of sound and silence, light and darkness, interest and unconcern. But what of opposites
that are genuinely different, like pain and pleasure, fear and courage, hate and love?

ln order to appear opposed, two things must serve related goals-or otherwise
engdge the selfsame agencies.

Thus, affection and abhorrence both involve our attitudes toward relationships; and pleasure
and pain both engage constraints that simplify our mental scenes. The same goes for courage
and cowardice: each does best by knowing both. When on attack, you havelo press against
whatever weakness you can find in your opponent's strategy. When on defense, ii's muc-h the
same: you still must guess the other's plan.
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THE SEIF
We are what we pretend to be, so we must be careful about what

we pretend to be.

-Kun r  VonNncu r



4.I THE SELF

self n. 1. the identity, chdracter, or essentiol quolities of any
percon or thing. 2. the identity, personality, individuality, etc' of

a given person; one's own person as distinct from aII others'
*W eb s ter' s U n abridge d D ic tionary

We all believe that human minds contain those special entities we call selves. But no one

agrees about what they are. To keep things straight, I shall write "self" when speaking in a
general sense about an entire person and reserve "Self" for talking about that more mysterious
iense of personal identity. Here are some of the things people say about the Self:

Self is the part of mind that's really me, or rather, it's the part of me-that is, part

of my mind-that actually does the thinking and wanting and deciding and en'

ioying ond suffering. It's the paft thot's most important to me because it's that
which stays the same through all experience-the identity which ties everything
together. And whether you can treat it scientifically or not, I know it's there,
because it's me. Perhaps it's the sort of thing that Science can't explain.

This isn't much of a definition, but I don't think it is a good idea to try to find a better one. It
often does more harm than good to force definitions on things we don't understand. Besides,
only in logic and mathematics do definitions ever capture concepts perfectly. The things we
deal with in practical life are usually too complicated to be represented by neat, compact
expressions. Especially when it comes to understanding minds, we still know so little that we
can't be sure our ideas about psychology are even aimed in the right directions. In any case,
one must not mistake defining things for knowing what they are. You can know what a tiger is
without defining it. You may define a tiger, yet know scarcely anything about it.

Even if our old ideas about the mind are wrong, we can learn a lot by trying to understand
why we believe them. Instead of asking, "What are Selves?" we can ask, instead , "What dre our
ideas about Selyes?"-and then we can ask,"What psychological functions do those ideas serve?"
When we do this, it shows us that we do not have one such idea, but many.

Our ideas about our Selves include beliefs about what we are. These include beliefs both
about what we are capable of doing and about what we may be disposed to do. We exploit these
beliefs whenever we solve problems or make plans. I'll refer to them, rather vaguely, as a
person's self-images. In addition to our self-images, our ideas about ourselves also include ideas
about what we'd like to be and ideas about what we ought to be. These, which I'11 call a person's
self-ideols, influence each person's growth from infancy, but we usually find them hard to
express because they're inaccessible to consciousness.
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4.2 ONE SEIF OR MANY?

One common image of the Self suggests that every mind contains some sort of Voyeur-
Puppeteer inside-to feel and want and choose for us the things we feel, want, and choose. But
if we had thosa kinds of Selves, what would be the use of having Minds? And, on the other
hand, if Minds could do such things themselves, why have Selves? Is this concept of a Self of
any real use at all? It is indeed-provided that we think of it not as a centralized and all-
powerful entity, but as a society of ideas that include both our images of what the mind is and
our ideals about what it ought to be.

Besides, we're often of two minds about ourselves. Sometimes we regard ourselves as single,
self-coherent entities. Other times we feel decentralized or dispersed, as though we were made
of many different parts with different tendencies. Contrast these views:

SINGLE-SELF VIEW. "I think,l want,I feel. lt's me, myself, who thinks my
thoughts. It's not some ndmeless crowd or cloud of selfless parts."

MULTIPLE-SELF VIEW. "One part of me wants this, another part wants that.
I must get better control of myself."

We're never wholly satisfied with either view. We all sense feelings of disunity, conflicting
motives, compulsions, internal tensions, and dissensions. We carry on negotiations in our head.
We hear scary tales in which some person's mind becomes enslaved by compulsions and com-
mands that seem to come from somewhere else. And the times we feel most reasonably unified
can be just the times that others see us as the most confused.

But if there is no single, central, ruling Self inside the mind, what makes us feel so sure that
one exists? What gives that myth its force and strength? A paradox: perhaps it's because there
are no persons in our heads to make us do the things ws wznf-nor even ones to make us want
to want-that we construct the mvth that we're inside ourselves.
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4.3 THE SOUL

And we thankThee that darkness reminds us of lieht'
- T .  S .  E t - t o r

A common concept of the soul is that the essence of a self lies in some spark of invisible light,

a thing that cowers out of body, out of mind, and out of sight. But what might s.uch a symbgl

mean? It carries a sense of anti*elf-respecl that there is no significance in anyone's accomplish-

ments.
people ask if machines can have souls. And I ask back whether souls can learn. It does not

,..- 
" 

fair exchan ge_1f souls can live for endless time and yet not use that time to learn-to

irade all change fJr changelessness. And that's exactly what we get with inborn souls that

cannot gro*, 
"'d"rtiny 

the iame as death, an ending in a permanence incapable of any change

and, hence, devoid of intellect.
Why try to frame the value of a Self in such a singularly frozen form? The art of a great

painting ii not in any one idea, nor in a multitude of separate tricks for placing all those pigment

spots, U",tt i.r the great network of relationships among its parts. Similarly, the agents, raw, that

make our minds ire by themselves as valueless as aimless, scattered daubs of paint. What counts

is what we make of them.
We all know how an ugly husk can hide an unexpected gift, like a treasure buried in the dust

or a graceless oyster bearing a pearl. But minds are just the opposite. We start as little embryos,
which then build great and wondrous selves-whose merit lies entirely within their own co-
herency. The value of a human self lies not in some small, precious core, but in its vast,
constructed crust.

What are those old and fierce beliefs in spirits, souls, and essences? They're all insinuations
that we're helpless to improve ourselyes. To look for our virtues in such thoughts seems just as
wrongly aimed a search as seeking art in canvas cloths by scraping off the painter's works.
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4.4 THE CONSERVATNTE SEI.F

How do we control our minds? Ideally, we first choose what we want to do, then make
ourselves do it. But that's harder than it sounds: we spend our lives in search of schemes for
self-control. We celebrate when we succeed, and when we fail, we're angry with ourselves for
not behaving as we wanted to-and then we try to scold or shame or bribe ourselves to change
our ways. But wait! How could a self be angry with itself? Who would be mad at whom?
Consider an example from everyday life.

I was trying to concentrate on a certain problem but was getting bored and sleepy.
Then I imagined that one of my competitors, Professor Challenger, was about to
solve the same problem. An angry wish to frustrate Challenger then kept me work-
ing on the problem for a while. The strange thing was, this problem was not of the
sort that eyer interested Challenger.

What makes us use such roundabout techniques to influence ourselves? Why be so indirect,
inventing misrepresentations, fantasies, and outright lies? Why can't we simply tell ourselves to
do the things we want to do?

To understand how something works, one has to know its purposes. Once, no one under-
stood the heart. But as soon as it was seen that hearts move blood, a lot of other things made
sense: those things that looked like pipes and valves were really pipes and valves indeed-and
anxious, pounding, pulsing hearts were recognized as simple pumps. New speculations could
then be formed: was this to give our tissues drink or food? Was it to keep our bodies warm or
cool? For sending messages from place to place? In fact, all those hypotheses were correct, and
when that surge of functional ideas led to the guess that blood can carry air as well, more
puzzle parts fell into place.

To understand what we call the Sell we first must see what Selves are for. One function of
the SeIf is to keep us from changing too rapidly. Each person must make some long-range plans
in order to balance single-purposeness against attempts to do everything at once. But it is not
enough simply to instruct an agency to start to carry out our plans. We also have to find some
ways to constrain the changes we might later make-to prevent ourselves from turning those
plan-agents off again! If we changed our minds too recklessly, we could never know what we
might want next. We'd never get much done because we could never depend on ourselves.

Those ordinary views are wrong that hold that Selves are magic, self-indulgent luxuries that
enable our minds to break the bonds of natural cause and law. Instead, those Selves are
practical necessities. The myths that say that Selves embody special kinds of liberty are merely
masquerades. Part of their function is to hide from us the nature of our self-ideals-the chains
we forge to keep ourselves from wrecking all the plans we make.
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4.5 EXPTOITATION

Let,s look more closely at that episode of Professor Challenger. Apparently,-what happened

was that my agency fo work e*plfited Anget to stop sleep. But why should work use such a

devious trick?- 
To see why we have to be so indirect, consider some alternatives. If Work could simply turn

oflibup, we'd quick1y wear our bodies out. If Work could simply switch Anger on, we'd be

fighting'all the time. Directness is too dangerous' We'd die'
Extiiction would be swift indeed for species that could simply switch off trunger or pain.

Instead, there must be checks and balances. We'd never get through one full day if any agency

could seize and hold control over all the rest. This must be why our agencies, in order to exploit

each other's skills, have to discover such roundabout pathways. All direct connections must

have been removed in the course of our evolution.
This must be one reason why we use fantasies: to provide the missing paths. You may not be

able to make yourself angry simply by deciding to be angry, but you can still imagine obiects or

situations thitmake yo,t 
"tgry. 

In the scenario about Professor Challenger, my agencyWo,\

.*ptoit.a a particular memory to arouse my Anger's tendency to counter Sleep. This is typical

of the tricks we use for self-control'
Most of our self-control methods proceed unconsciously, but we sometimes resort to con-

scious schemes in which we offer rewards to ourselves'."lf I can get this proiect done,I'll have

more time for other things." However, it is not such a simple thing to be able to bribe yourself.

To do it successfully, you have to discover which mental incentives will actually work on
yourself. This means that you-or rather, your agencies-have to learn something about one

another's dispositions. In this respect the schemes we use to influence ourselves don't seem to
differ much lrom those we use to exploit other people-and, similarly, they often fail. When
we try to induce ourselves to work by offering ourselves rewards, we don't always keep our
bargains; we then proceed to raise the price or even to deceive ourselves, much as one person

may try to conceal an unattractive aspect of a bargain from anothel pelson.
Au-rn self-control is no simple skill, but an ever-growing world of expertise that reaches

into everything we do. Why is it that, in the end, so few of our self-incentive tricks work well?
Because, as *. h"ue seen, directness is too dangerous. If self-control were easy to obtain, we'd
end up accomplishing nothing at all.
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4,6 SELF.CONTROT

Those who really seek the path to Enlightenment dictate terms to
their mind. Then they proceed with strong determination.

-B  unoue

The episode of Professor Challenger showed just one way we can control ourselves: by
exploiting an emotional aversion in order to accomplish an intellectual purpose. Consider ail
the other kinds of tricks we use to try to force ourselves to work when we're tired or distracted.

WILLPOWER: TeIl yourself, "Don't give in to thdt," or, "Keep on trying."

Such self-injunctions can work at first-but finally they always fail, as though some engine
in the mind runs out of fuel. Another style of self-control involves more physical activity:

ACTMTY: Moye around. Exercise.lnhale. Shout.

Certain physical acts are peculiarly effective, especially the facial expressions involved in
social communication: they affect the sender as much as the recipient.

EXPRESSION; Sef iaw. Stiffen upper lip. Funow brow.

Another kind of stimulating act is moving to a stimulating place. And we often perform
actions that directly change the brain's chemical environment.

CHEMISTRY: Take coffee, amphetamines, or other brain-affecting drugs.

Then there are actions in the mind with which we set up thoughts and fantasies that move
our own emotions, arousing hopes and fears through self-directed offers, bribes, and even
threats.

EMOTION: "If I win, there's much to gain, but more to lose if I fail!"

Perhaps most powerful of all are those actions that promise gain or loss of the regard of
certain special persons.

ATTACHMENT; Imagine admiration if you succeed-or disapproval if you fail-
especially from those to whom you dre attached.

So many schemes for self-control! How do we choose which ones to use? There isn't any easy
way. Self-discipline takes years to learn; it grows inside us stage by stage.
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4.7 IONG-RANGE PI,ANS

In the search for truth there are certain questions that are not

important. Of what material is the universe constructed? Is the

uniyerse eternal? Are there limits or not to the universe? What is

the ideal form of organization for human society? If a man were to
postpone hX ieaih and proctice for Entightenment until such
que,stions were solyed, he would die before he found the path.

-Buooue

We often become involved in projects that we can't complete. It is easy to solve small

problems because we can treat thim as though they were detached from all our other goals'

But it is different for proiects that span larger portions of our lives, like learning a trade, raising

, 
"iriia, 

or writing 
" 

boo[. We cannot simply "decide" or "choose" to accomplish an enterprise

n"t *"f..r alar{edemand for time, because it will inevitably conflict with other interests and

ambitions. Then we'll be forced to ask questions like these:

What must I give uP for this?
What will I learn from it?
WiU it bring Power and influence?
Will I remain interested in it?
Will other PeoPle heIP me with it?
Will they still like me?

Perhaps the most difficult question of all is, "How witl adopting this goal chonge me?" ltst
wantingio own a large, expeniive house, for instance, can lead to elaborate thoughts like these:

"That medns I'd haye to sove for years and not get other things I'd like. I doubt
that I could bear it. True, I could reform myself, and try to be more thrifty and
deliberate. But that's iust not the sort of person I dm."

Until such doubts are set aside, all the plans we make will be subiect to the danger that we
may "change our mind." So how can any long-range plan succeedZ The easiest path to "self-

control" is doing only what one is already disposed to do'
Many of the schemes we use for self-control are the same as those we learn to use for

infuencing other people. We make ourselves behave by exploiting our own fears and desires,
offering ourselves iewirds, or threatening the loss of what we love. But when short-range tricks
won't k..p .m to our projects for long enough, we may need some way to make changes that
won't let us change ourselves back again. I suspect that, in order to commit ourselves to our
largest, most ambitious plans, we learn to exploit agencies that operate on larger spans oftime.

Wni"n are our slowest-changing agencies of all? Later we'll see that these must include the
silent, hidden agencies that shape what we call character. These are the systems that are
concerned not merely with the things we wdnt, but with what we want ourselves to be-that is,
the ideals we set for ourselves.
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4.8 IDEATS

We usually reserve the word "ideals" to refer to how we think we ought to conduct our ethical
affairs. But I'll use the term in a broader sense, to include the standards we maintain-con-
sciously or otherwise-for how we ought to think about ordinary matters.

We're always involved with goals of varying spans and scales. What happens when a transient
inclination clashes with a long-term self-ideal? What happens, for that mitter, when our ideals
disagree among themselves, as when there is an inconsistency between the things we want to
do and those we feel we ought to do? These disparities give rise to feelings of discomfort, guilt,
and shame. To lessen such disturbances, we must either change the things we do-or change
the ways we feel. Which should we try to modify-our immediate wants or our ideals? SuJh
conflicts must be settled by the multilayered agencies that are formed in the early years of the
growth of our personalities.

In childhood, our agencies acquire various types of goals. Then we grow in overlapping
waves, in which our older agencies affect the making of the new. This way, the older agencies
can influence how our later ones will behave. Outside the individual, similar processes go on in
every human community; we find children "taking after" persons other than themselves by
absorbing values from their parents, families, and peers, even from the heroes and villains of
mythology.

Without enduring self-ideals, our lives would lack coherence. As individuals, we'd never be
able to trust ourselves to carry out our personal plans. In a social group, no one person would
be able to trust the others. A working society must evolve mechanisms that stabilize ideals-
and many of the social principles that each of us regards as personal are really "long-term
memories" in which our cultures store what they have learned across the centuries.
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INDTVIDUALITY
PUNCH AND II]DY, TO THEIR AUDIENCE

Our puPPet strings are hatd to see,
So we perceite ourselYes as free,
Convinced that no mere obiects could
Behave in terms of bad and good.

To vou. we mannikins seem less
than live, because our consciousness
is that of dummies, made to sit
on laps of gods and mouth their wit;

Are you, our trdnscendental gods,
likewise dongled from Yout rods,
and need, to show sPontaneous chatm,
some higher god's inserted arm?

We seem to form a nested set,
with each the next one's marionette,
who, if you asked him, would insist
that he's the last ventriloquist.

- T s n '  o o o n n  M n l N u c H U K



5.I CIRCT'I.AR CAUSALIIT

Whenever we can, we like to explain things in terms of simple cause and effect. We explained
the case of Professor Challenger by assuming that my wish to Worft came first, then Worft
exploited Anger's aptitude for fighting Sleep. But in real life the causal relations between feelings
and thoughts are rarely so simple. My desire to work and my annoyance with Challerrg., *.i.
probably so intermingled, all along, that it is inappropriate to ask which came first, Angu, o,
Work. Most likely, both agencies exploited one another simultaneously, thus combining-both
into a single fiendish synthesis that accomplished two goals at once; Work thus got to do iti work
-and, thereby, injured Challengerl (ln an academic rivalry, a technical accomplishment can
hurt more than a fist.) Two goals can support each other.

A causes B "lohn wanted to go home because he felt tired of work."
B causes A "lohn felt tired of work because he wanted to go home."

There need be no "first cause" since fohn could start out with both distaste for work and
inclination to go home. Then a loop of circular causality ensues, in which each goal gains
support from the other until their combined urge becomes irresistible. We're always enmeshed
in causal loops. Suppose you had borrowed past your means and later had to borrow more in
order to pay the interest on your loan. If you were asked what the difficulty was, it would not
be enough to say simply, "Becdttse I haye to pay the interest," or to say only, "Becdnse I have to
pay the pincipal." Neither alone is the actual cause, and you'd have to explain that you're
caught in a loop.

We often speak of "straightening things out" when we're involved in situations that seem too
complicated. It seems to me that this metaphor reflects how hard it is to find one's way through
a maze that has complicated loops in it. In such a situation, we always try to find a "path"
through it by seeking "causal" explanations that go in only one direction. There's a good reason
for doing this.

There are countless different types of networks that contain loops. But all networks
that contain no loops are basically the same: each has the form of a simple chain.

Because of this, we can apply the very same types of reasoning to everything we can represent
in terms of chains of causes and effects. Whenever we accomplish that, we can proceed from
start to end without any need for a novel thought; that's what we mean by "straightening out."
But frequently, to construct such a path, we have to ignore important interactions and depen-
dencies that run in other directions.
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5.2 UNANSWERASTE QI'ESTIONS

And while it shalt please thee to continue me in this world, whete

there its much to be done and little to be known, teach me, by thy

Holy Spirit, to withdraw my mind from unprofitable 9nd -
dangerous'enquiries, from difficulties vainly curious, and doubts

imPossible to be solved.
- S a u u s , t -  f  o H N s o N

When we reflect on anything for long enough, we're likely to end up with what we sometimes

call ,,basic" questions-ones we can see to *ry at all to answer. For we have no perfect way to

answer even this question: How can one tell *hn, o question has been properly answered?

what caused the universe, and why? what is the purpose of lifeT

How can you tell which beliefs are true? How can you tell what is good?

These questions seem different on the surface, but all of them share one quality that makes

them imptssible to answer: all of them are circularl You can never find a final cause, since you

must always ask one question more: "What coused that couse?" You can never find any ultimate

goal, since you're always obliged to ask, "Then what purpose does that serve?" Whenever you

frnd out why something is goo?-or is true-you still have to ask what makes thaf reason good

and true. No matter *h"i you discover, at every step, these kinds of questions will always

remain, because you have to challenge every answer with, "Why should I accept that answer?"

Such circularitiei can only waste our time by forcing us to repeat, over and over and over

again, "What good is Good?" and, "What god mode God?"-When 
children keep on asking, "Why?" we adults learn to deal with this by simply saying,

"lust because!" This may seem obstinate, but it 's also a form of self-control. What stops adults

fiom dwelling on such questions endlessly? The answer is that every culture finds special ways

to deal with ihese questions. One way is to brand them with shame and taboo; another way is

to cloak them in awe or mystery; both methods make those questions undiscussable. Consensus

is the simplest way-as with those social styles and trends wherein we each accept as true

whatever 
"tt 

ttt. others do. I think I once heard W. H. Auden say, "We are all here on earth to

help others. What I can't figure out is what the others are here for-"
All human cultures evolve institutions of law, religion, and philosophy, and these institutions

both adopt specific answers to circular questions and establish authority-schemes to indoctri-

nate people with those beliefs. One might complain that such establishments substitute dogma

for reason and truth. But in exchange, they spare whole populations from wasting time in

fruitless reason loops. Minds can lead more productive lives when working on problems that

can be solved.
But when thinking keeps returning to its source, it doesn't always mean something's wrong.

For circular thinking can lead to growth when it results, at each return, in deeper and more
powerful ideas. Then, because we can communicate, such systems of ideas may even find the

means to cross the boundaries of selfish selves-and thus take root in other minds. This way' a

language, science, or philosophy can transcend the limitation of each single mind's mortality.

Now, we cannot know that any individual is destined for some paradise. Yet certain religions

are oddly right; they manage to achieve their goal of offering an afterlife-if only to their own

stranqe souls.
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5.3 THE REMOTE.CONTROT SEI.F

When people have no answers to important questions, they often give some anyway.

What controls the brain? The Mind.
What controls the mind? The SeIf.
What controls the SeIft ltself.

To help us think about how our minds are connected to the outer world, our culture teaches
schemes like this:

This diagram depicts our sensory machinery as sending information to the brain, wherein it
is proiected on some inner mental movie screen. Then, inside that ghostly theater, a lurking
Self observes the scene and then considers what to do. Finally, that Self may act-somehow
reversing all those steps-to influence the real world by sending various signals back through
yet another family of remote-control accessories.

This concept simply doesn't work. It cannot help for you to think that inside yourself lies
someone else who does your work. This notion of "homunsulu5"-6 little person inside each
self-leads only to a paradox since, then, that inner SeIf requires yet another movie screen inside
itself, on which to proiect what it has seen! And then, to watch that play-within-a-play, we'd
need yet another Self-inside-a-Self-to do the thinking for the last. And then this would all
repeat again, as each new Self requires yet another one to do its job!

The idea of a single, central Self doesn't explain anything. This is because a thing
with no parts profides nothing that we cdn use as pieces of explanation!

Then why do we so often embrace the strange idea that what we do is done by Someone Else
-that is, our Self? Because so much of what our minds do is hidden from the parts of us that
are involved with verbal consciousness.
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5.4 PERSONAT IDENTIIT

Whote'er the possion-knowledge, fame, or pelf,

Not one will change his neighbor with himself'
-ALexeNonn  PoPs

Why do we accept that paradoxical image of a central Self inside the selff Because it serves

us well in many rph;;;r ;f practical life. Here are some reasons to regard a person as a single

thing.

The physical World: Our bodies act like other obieets thot take uP spdce. Because

of that, we must base our plans and decisions on having a single body' Two -people
cannot fit ,t nru ti.ere is ioom for only one-nor cdn d pe6on walk through walls

or stay aloft without suPPort.

personal Privacy: WhenMary tells lack something, she must remember to"whom"

it was told, and she must not assume that ewry other person knows it, too. AIso,

without thz concept of an individual, we could have no sense of responsibility '

Mental Activity: We often find it hard to think two different thoughts 4t once,
particularly whin they're similar, because we get"confused" when the same Lgen'

cies are asked to do different iobs at the same time'

Why do our mental processes so often seem to us to flow in "streams of consciousness"?
perhaps because, in order to keep control, we have to simplify how we represent what's happen-

,rrg, th.n, when that complicated mental scene is "straightened out," it seems as though a

single pipeline of ideas were flowing through the mind.
ftt.r. 

"r" 
all compelling reasoni why it helps to see ourselves as singletons. Still, each of us

must also learn not only that different people have their own identities, but that the same

person can entertain different beliefs, pia.rs, and dispositiorrs at the same time. For finding

good ideas about psychology, the single-agent imagg has become a grave impediment. To

lo-preheld the human mind is surely one of the hardest tasks any mind can face' The legend

of the single Self can only divert us from the target of that inquiry.
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5.5 FASHION AND STYTE

The notes I handle no better than many pianists. But the pa.uses
between the notes-ah, that is where the art resides!

- A n r u n  S  c H N a s e  L

Why do we like so many things that seem to us to have no earthly use? We often speak of this
with mixtures of defensiveness and pride.

" Art for Art's sdke."
"l find it aesthetically pleasing."
"l iust like it."
"There's no accounting for it."

Why do we take refuge in such vague, defiant declarations? "There's no accounting for it"
sounds like a guilty child who's been told to keep accounts. And "[ just like it" sounds like a
person who is hiding reasons too unworthy to admit. However, we often do have sound practi-
cal reasons for making choices that have no reasons by themselves but have effects on larger
scales.

Recognizability: The legs of a chair work equally well if made square or round.
Then why do we tend to choose our furniture according to systematic styles or
fashionsT Because familiar styles make it easier for us to recognize and classify the
things we see.

Uniformity: lf every obiect in a room were interesting in itself , our fumiture might
occupy our minds too much. By adopting uniform styles, we protect ourselves from
distractions.

Predictability: It mdkes no difference whether a single car drives on the left or on
the right. But it makes aII the difference when there are mdny cars! Societies need
rules that make no sense for individuals.

It can save a lot of mental work if one makes each arbitrary choice the way one did before.
The more difficult the decision, the more this policy can save. The following observation by
my associate, Edward Fredkin, seems important enough to deserve a name:

Fredkin's Paradox: The more equally attractiye two alternatites seem, the harder
it can be to choose between them-no matter that, to the same degree, the choice
can only matter less.

No wonder we often can't account for "12s1s"-if it depends on hidden rules that we use
when ordinary reasons cancel out! I do not mean to say that fashion, style, and art are all the
same-only that they often share this strategy of using forms that lie beneath the surface of
our thoughts. When should we quit reasoning and take recourse in rules of style? Only when
we're fairly sure that further thought will just waste time. Perhaps that's why we often feel such
a sense of being free from practicality when we make "aesthetic" choices. Such decisions might
seem more constrained if we were aware of how they're made. And what about those fleeting
hints of guilt we sometimes feel for "just liking" art? Perhaps they're how our minds remind
themselves not to abandon thought too recklessly.
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5.6 TRAITS

Isn't it remarkable that words can portray human individua-ls? You might suppose this should

be impossibl., 
"orrrid.rirrg 

ho* -y.tt th"tl it to say. Then what permits a writer to depict such

seemingly real personahtles? It is because we all 
"ir.. 

on so many things that are left unsaid'

For example, we 
"rr.t*. 

ttrrt all the characters ,i. pott.tt"d of what we call "commonsense

knowledge," and we also agree on many generalities about what we call "human nature'"

Hostilityeyokesdefensiveness,Frustrationarousesaggression.

We also recognize that individuals have particular qualities and traits of character'

lane is tidy. Mary's timid- Grace-is smart'
That ,snot thesor tof th ingChar lesdoes. I t ,snoth issty le .

Why should traits like these exist? Humanists are prone to boast about how hard it is to grasp

the measure of a mind. But let's ask instead , "Whot makes personolities so easy to portray?"

Wt v, io, example, should any person tend toward a general quality of being neat, rather than

,i.npiy being tidy about ,onl. ihings and messy about others? Why should our personalities

show such cohererrcies? How coulJit be that a system assembled from a million agencies can

U" i.r.tlb.d by short and simple strings of words? Here are some possible reasons'

Selectivity : First we should face the fact that our images of othe.r minds are often

falsely cliar. We tend to think of another person's"personality" in terms of that

which we cctn describe-and tenil to set aside the rest as though it simply weren't

there.

Style: To escape the effort of making decisions we co-nsider unimportant, we tend

to develop poiicies tha.t become so iystematic that they can be discerned from the

outside and characterized as personal traits'

predictability: Because it is hard to maintain friendship without trust, we try to

conform to the expectotions of our friends. They to the extent thot we frame our

images of our associates in terms of traits, we find ourselves teaching ourselves to

behave in accord with those same descriptions'

Self-Reliance:Thus, over time, imagined traits can make themseltes actual! For

eyen to carry out our own plans, we must be able to predict what we ourselves are

likely to do-and that wiU become easier the more we simplify ourselves.

It's nice to be able to trust our friends, but we need to be able to trust ourselves. How can

that be possible when we can't be sure what's in our own heads? One way to accomplish this is

by thinking of ourselves in terms of traits-and then proceeding to train -ourselves to behave

aicording Io those self-images. Still, a personality is merely the surface of a person. What we

call traitJ are only the regilarities we manage to perceive. We never really know ourselves

because there are so manli other processes and policies that never show themselves directly in

our behavior but work behind the scenes'
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]DONOT IR,IBAD TH]IS

5.7 PERMANENT IDENTITT

There are cduses for all human suffering, and there is a woy by
which they may be ended, because everything in the world is the

result of a vast concunence of causes and conditions, and
etterything disoppeors as these causes and conditions

change and pass away.
- B u o o H e

Whlt do we slSnifv b-y words like "me," "myself," and "I"? What does a story mean that starts
with "In my childhood"? What is that strange possession "yo,r," which stays tire same through-
out your life? Are you thesame person you were before you learned to read? You scarcely can
imagine, now, how words looked then. fust try to look at these words without readine them:

So far as consciousness is concerned, we find it almost impossible to separate the appearances
of things from what they've come to mean to us. But if we cannot recollect how thingJappeared
to us before we learned to link new meanings to those things, what makes us think we can
recollect how we ourselves appeared to us in previous times? What would you say if someone
asked questions like these:

"Are you the same person now that you once were, before you Iearned to talk?"
"Of course I am. Why, who else could I be?"

"Do you mean that you haven't changed at all?"
"Of course not. I only mean l'm the same person-the same in some ways,
different in others-but still the same me."

"But how can you be the same as the person you werc before you had even
Iearned to remember things? Can you even imagine what that was like?"

"Perhaps I can't-yet still there must have been some continuity. Eten if I can't
remember it, I surely was that person, too."

We all experience that sense of changelessness in spite of change, not only for the past but
also for the future, too! Consider how you are generous to future self at present self's expense.
Today, you put some money in the bank in order that sometime later you can take it out.
Whenever did that future self do anything so good for you? Is "you" the body of those memories
whose meanings change only slowly? Is it the never-ending side effects of all your previous
experience? Or is it just whichever of your agents change the least as time and life proceed?
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crrAPrEn 5

INSIGHT AND
INTROSPECTION

MIND. A mysteious form of matter secreted by the brain' Its

chief activity consists in the endeayor to ascertain its own

nature, the futitity of the attempt being due to the fact that it

has nothing but itself to know itself with'

-AN tsnos r  B t rnce



6.t coNsclousNEss

con.scious a. I. hoving a feeling or knowledge (of one's sensations,
feelings, etc., or of external things); knowing or feeling (that

something is or was happening or existing); . . . 3. dwdre of oneself
as a thinking being; knowing what one is doing and why.

-W eb s ter' s U nabri dged D ict ionary

In real life, you often have to deal with things you don't completely understand. You drive a
car, not knowing how its engine works. You ride as passenger in someone else's car, not
knowing how that driver works. Most strange of all, you drive your body and your mind, not
knowing how your own self works. Isn't it amazing that we can think, not knowing what it
means to think? Isn't it remarkable that we can get ideas, yet not explain what ideas are?

In every normal person's mind there seem to be some processes that we call consciousness.
We usually regard them as enabling us to know what's happening inside our minds. But this
reputation of self-awareness is not so well deserved, because our conscious thouehts reveal to
us so little of what gives rise to them.

Consider how a driver guides the immense momentum of a motorcar, not knowing how its
engine works or how its steering wheel directs it to the left or right. Yet when one comes to
think of it, we drive our bodies in much the same way. So far as conscious thought is con-
cerned, you turn yourself to walk in a certain direction in much the way you steer a car; you
are aware only of some general intention, and all the rest takes care of itself. To change your
direction of motion is actually quite complicated. If you simply took a larger or smaller step on
one side, the way you would turn a rowboat, you would fall toward the outside of the turn.
Instead, you start to turn by making yourself fall toward the inside-and then use centrifugal
force to right yourself on the next step. This incredible process involves a huge society of
muscles, bones, and joints, all controlled by hundreds of interacting programs that even spe-
cialists don't yet understand. Yet all you think is,Turn that way, and your wish is automatically
fulfilled.

We give the name "signals" to acts whose consequences are not inherent in their own
character but have merely been assigned to them. When you accelerate your car by pressing
on the gas pedal, this is not what does the work; it is merely a signal to make the engine push
the car. Similarly, rotating the steering wheel is merely a signal that makes the steering mech-
anism turn the car. The car's designer could easily have assigned the pedal to steer the car or
made the steering wheel control its speed. But practical designers try to exploit the use of signals
that already have acquired some significance.

Our conscious thoughts use signal-signs to steer the engines in our minds, controlling count-
less processes of which we're never much aware. Not understanding how it's done, we learn to
gain our ends by sending signals to those great machines, much as the sorcerers of older times
used rituals to cast their spells.
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6.2 SIGNATS AND SIGNS

How do we ever understand anything? Almost always, I think, by using one or another kind

of analogy-that is, by representing each new thing as though it resembles something we

already know. Wh.rr.ul, a new thing s internal workings are too strange or complicated to deal

with directly, *. ,.pr"sent whatevei parts of it we can in terms of more familiar signs' This

|.",, ;. *"t. .""ti 
""".rtv 

seem similar to some more ordinary thing' It really is a great

discovery, the use of ,igrr"tr, symbols, words, and names. They let our minds transform the

strange into the commonPlace.
Suppose an alien architect has invented a radically new way to go from on€ room to another'

This invention serves the normal functions of a door, but it has a form and mechanism so far

outside our experience that to see it' we would nevel recognize it as a door' nor guess how to

use it. All its physical details are wrong. It is not what we normally expect a door to be-a

hinged, swinging, wooden slab set into a wall. No matter: iust superimpose on its exterior some

a."-ot^ii"", s"ymbol, icor,, token, word, or sign that can:emind us of its use' Clothe it in a

,.ctrrrg,rl"i ,[rrp., or add to it a push-plate lettered EXIT in red and white, and every visitor

from the planet n"iitt *iff kno*, without a conscious thought, iust what that pseudoportal's

purpose is, and use it as though it were a door'
At first it may seem mere tiickery, to assign the symbol for a door to an invention that is not

really a door. But *"1r. al*"ys in that same predicament. There are no doors inside our minds,

only connections among oui signs. To oveistate the case a bit, what we call "consciousness"

consists of little moie th"an *.t"u lists that flash, from time to time, on mental screen displays

that other systems use. It is very much like the way the players of computer games use symbols

to invoke the processes inside ih.i, 
"o-plicated 

game machines without the slightest under-

standing of how theY work.
And irhen yo,, 

"o*. 
to think about it, it scarcely could be otherwise! Consider what would

happen if we actually could confront the trillion-wire networks in our brains. Scientists have

p"ii"a at tiny fragments of those structures for many years, yet failed to comprehend what they

io. Fortunai.ly, Io, the purposes of everyday life, it is enough for our words or signals to evoke

some useful happenings riihi" the mind. Who cares how they work, so long as they work!

Consider how you can" scarcely see a hammer except as something to hit with, or see a ball

except 
", 

,o*.ihirrg to throw and catch. Why do we see things, less as they are, and more in

view of how they can be used? It is because our minds did not evolve to serve as instruments

for science o, pirilorophy, but to solve practical problems of nutrition, defense, procreation,

and the like. We tend [o ihink of knowledge as good in itself, but knowledge is useful only when

we can exploit it to help us reach our goals.
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6.3 THOUGHT-EXPI

How do you discover things about the world? |ust look :
Each casual glance employs a billion brain cells to represr
rize its differences from records of other experiences. y
theories about what happens in the world and then make
or reformulate those conjectures. It only seems simple
happening.

How do you discover things about your mind? You use
little bits of theories about how you think, then test them u
that thought-experiments don't often lead to the sorts of cler
Ask yourself what happens when you try to imagine a rou
h"ppy and sad at the same time. Why is it so hard to descr
or draw useful conclusions from them? It is because we get
mind-experiments are mind-experiments themselves-and
other.

Thinking affects our thought

People who program computers encounter similar proble
tion because of unexpected interactions among their parts

I  r  - - r r r r 5 ,

programmers have developed special programs for "debuggirr6, orner programs. But just as in
thought-experiments, there is a danger that the program being watched might change the one
that's watching it. To prevent this, all modern computers are equipped with special "interrup-
tion" machinery that detects any other program's attempt to alter a debugging program; when
this happens, the culprit is "frozen" in its tracks so that the debugging program can examine it.
To do this, the interruption machinery must be supplied with a private memory bank that can
store enough information to make it possible, later, to restart the frozen program as though
nothing had happened.

Are brains equipped to do similar things? It was easy to build self-examination systems into
computers that did only one thing at a time, but it would be much harder to do in a system
that, like the brain, engages many processes at once. The problem is that if you were to freeze
only one process without stopping the others, it would change the situation you're trying to
examine. However, if you were to stop all those processes all at once, you couldn't experiment
on how they interact.

Later, we'll see that consciousness is connected with our most immediate memories. This
means that there are limits on what consciousness can tell us about itself-because it can't do
perfect self-experiments. That would require keeping perfect records of what happens inside
one's memory machinery. But any such machinery must get confused by self-experiments that
try to find out how it works-since such experiments must change the very records they are
trying to inspect! We cannot handle interruptions perfectly. This doesn't mean that conscious-
ness cannot be understood, in principle, It only means that to study it, we'll have to use the less
direct methods of science, because we cannot simply "look and see. "
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6.4 E.BRAINS

There is one way for a mind to watch itself and still keep track of what's happening. Divide

the brain into two parts, A and B. Connect the A-brain's inputs and outputs to the real world-

so it can sense what-t"pp.rs there. But don't connect the B-brain to the outer world at all;

instead, connect it so that the A-brain is the B-brain's worldl

WORLD A.BRAIN B.BRAIN

Now A can see and act upon what happens in the outside world-while B can "see" and

influence what happens inside A. What uses could there be for such a B? Here are some A-

activities that B might learn to recognize and influence'

A seems disordered and confused. Inhibit that actittity '

A appears to be repeating itself. Make A stop. Do something else.

A do,es something B considers good. Make A remember this'

A is occupied wiih too much detail. Make A take a higher-level view.

A is not being specific enough. Focus A on lower-level details.

This two-p art arrangement could be a step toward having a more "reflective" mind-society.

The B-brain could do experiments with the A-brain, iust as the A-brain can experiment with

the body or with the objicts and people surrounding it. And iust as A can attempt to predict

and control what happens in the outer world, B can try to predict and control what A will do.

For example, the B-biain could supervise how the A-brain learns, either by making changes in

A directly or by influencing A's own learning processes.

Even ihough B may have no concept of what A's activities mean in relation to the outer

world, it is still possible for B to be useful to A. This is because a B-brain could learn to play a

role somewhat like that of a counselor, psychologist, or management consultant, who can assess

a client's mental strategy without having to understand all the details of that client's profession.

Without having any idea of what A's goals are, B might be able to learn to tell when A is not

accomplishing them but only going around in circles or wandering, confused because certain

A-agenls are repeating the same things over and over again. Then B might try some simple

,.*""di"r, like suppreising some of those A-agents. To be sure, this could also result in B's

activities becoming nuisances to A. For example, if A had the goal of adding up a long column

of numbers, B might start to interfere with this because, from B's point of view, A appears to

have become trapped in a repetitive loop. This could cause a person accustomed to more

variety to find it difficult to concentrate on such a task and complain of being bored.

To the extent that the B-brain knows what is happening in A, the entire system could be

considered to be partly "self-aware." However, if we connect A and B to "watch" each other

too closely, then anything could happen, and the entire system might become unstable. In any

case, theie is no reason to stop with only two levels; we could connect a C-brain to watch the

B-brain, and so on.
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6.5 FROZEN REFI.ECTION

Time present and time past
Are both perhaps present in time future,
And time future contained in time past.

-T .  S .  E r ro r

No supervisor can know everything that all its agents do. There's simply never time enough.
Each bureaucrat sees but a fraction of what happens underneath its place in the pyramid of
information flow. The best subordinates are those that work most quietly. Indeed,-[hat's why
we build administrative pyramids for jobs we don't know how to do or don't have time to do
ourselves. It is also why so many of our thoughts must hide beyond our consciousness.

Good scientists never try to learn too much at once. Instead, they select particular aspects of
a situation, observe carefully, and make records. Experimental records are "frozen phenom-
ena." They let us take all the time we need to make our theories. But how could we do the
same thing inside the mind? We'd need some kind of memory in which to keep such records
safe.

We'll see how this could work when we come to the chapters on memory. We'll conjecture
that your brain contains a host of agents called "K-lines," which you can use to make records
of what some of your brain-agents are doing at a certain moment. Later, when you activate the
same K-lines, this restores those agents to their previous states. This makes you "remember"
part of your previous mental state, by making those parts of your mind do just what they did
before. Then, the other parts of your mind will react as though the same events were happening
again! Of course, such memories will always be incomplete, since nothing could have capacity
enough to record every detail of its own state. (Otherwise, it would have to be larger than itself.)
Since we can't remember everything, each individual mind faces the same problem that scien-
tists always face: they have no foolproof way to know, before the fact, what are the most
important things to notice and record.

Using the mind to examine itself is like science in another way. fust as physicists cannot see
the atoms they talk about, psychologists can't watch the processes they try to examine. We only
"know" such things through their effects. But the problem is worse where the mind is con-
cerned, since scientists can read each other's notes, but different parts of the mind can't read
each other's memories.

We've now seen several reasons why we cannot simply watch our minds by sitting still and
waiting till our vision clears. The only course left for us is to study the mind the way scientists
do when something is too large or small to see-by building theories based on evidence. Make
a guess; test it with a shrewd experiment; collect one's thoughts and guess again. When intro-
spection seems to work, it's not because we've found a magic way to see inside ourselves.
Instead, it means that we've done some well-designed experiment.
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6.6 MOMENTARY IUENTAT TIME

What do you think you're thinking now? You might reply, "Why, just the. thoughts I'm

ttrinting now!" And that makes sense, in ordinary life, where "now" means "at this moment in

time." Fut the meaning of "now" is far less clear for an agent inside a society'

It takes some time for changes in one part of a mind to affect the other parts.

There's always some delaY'

For example, suppose you meet your friend Jack. Your agencies for Yoices and Faces may

,eiognirela"t'r uoi".,nd face, and both send messages to an agency Names, which may recall

Jackl name. BrftYoices may also send a "word-message" to Quotes, a language-based agency

ih"t hrr a way to remember phrases fack has said before, while Faces may also send a message

to Places, an agency concerned witir space, which might recall some earlier place in which

|ack's face was seen.

So afthough real time proceeds from
bftto right, to PLACES, the moments
of the pastform slanting lines.

Now suppose we could ask both Places and Quotes which had happened first, seeing fack or
hearing hii voice? We'd get two different answers! Places will first detect the face-while Quotes
will first detect the voice. The seeming order of events depends upon which message reached
each agent first-so the seeming sequence of events differs from one agent to another. Each
agent will react in its own, slightly different way-because it has been affected by a slightly
different "causal history," which spreads like a wave into the past.

It is simply impossible, in general, for any agent P to know for certain what another agent Q
is doing at precisely the same time. The best that P can do is send a query straight to Q and
hope that Q can get a truthful message back before other agents change Q's state-or change
its message along the way. No portion of a mind can ever know everything that is happening at
the same time in all the other agencies. Because of this, each agency must have at least a
slightly different sense both of what has happened in the past-and of what is happening "now. "

Each different agent of the mind lives in a slightly different world of time.

::t

"'t"t PLACES receives sigrtals first from
,,,,,, FACES, because messages from' 

VOICES first pass through NAMES.
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6.7 THE CAUSAT NOYY

To know anything [said the poet) we must know its effects; to see
men u)e must know their works, that we may know what reason has

dictated, or passion has incited, and find what are the most
powerful motives of action. To iufue rightly of the present, we

must oppose it to the past; for all iudgment is comparative, and of
the future nothing can be known. The truth is, that no mind is

much employed upon the present: recollection and anticipation fill
up almost all our moments. Our passions are ioy and grief, love

and hatred, hope and fear; even love and hatred respect the past, for
the cause must have been before the effect.

-  S a l r u e  r  l o H N s o N

Our everyday ideas about the progression of mental time are wrong: they leave no room for
the fact that every agent has a different causal history. To be sure, those different pasts are
intermixed over longer spans of time, and every agent is eventually influenced by what has
happened in the common, remote history of its society. But that's not what one means by
"now." The problem is with the connections between the moment-to-moment activities of
largely separate agencies.

When a pin drops, you might say, "f iust heard a pin drop." But no one says, "I hear a pin
dropping." Our speaking agencies know from experience that the physical episode of pin drop-
ping will be over before you can even start to speak. But you would say, "I am in lore," rather
than "f was iust in lote," because your speaking agencies know that the agencies involved with
personal attachments work at a slower pace, with states that may persist for months or years.
And, in between, when someone asks, "What sorts of feelings haw you now?" we often find our
half-formed answers wrong before they can be expressed, as other feelings intervene. What
seems only a moment to one agency may seem like an era to another.

Our memories are only indirectly linked to physical time. We have no absolute sense of when
a memorable event "actually" happened. At best, we can only know some temporal relations
between it and certain other events. You might be able to recall that X and Y occurred on
different days but be unable to determine which of those days came earlier. And many memo-
ries seem not to be linked to intervals of time at all-like knowing that four comes after three,
or that "l am myself."

The slower an agency operates-that is, the longer the intervals between each change of
state-the more external signals can arrive inside those intervals. Does this mean that the
outside world will appear to move faster to a slow agency than to a faster agency? Does life seem
swift to tortoises, but tedious to hummingbirds?
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6.8 THINKING WTTHOUT THINKING

fust as we walk without thinking, we think without thinking! We don't know how our muscles

^"k. ,r, walk-nor do we know much more about the agencies that do our mental work. When

yo" tt"u. a hard problem to solve, you think about it for a time. Then, perh.aps, the answer

,..-, to come all at once, and you say, "Aha, I've gOt it. l'll do such dnd Such'" But if someone

were to ask how you found the solution, you could rarely say more than things like the follow-

ing:

"I suddenly realized . . ."
"l iust got this idea . ."
"lt occuned to me that . . ."

If we could really sense the workings of our minds, we wouldn't act so often in accord with

motives we don't suspect. We wouldn't have such varied and conflicting theories for psychol-

ogy. And when we're asked how people get their good ideas, we wouldn't be reduced to meta-
pf,o.t about "ruminating," and "digesting," "conceiving" and "giving birth" to concepts-as
ihough our thoughts were anywhere but in the head. If we could see inside our minds, we'd

surely have more useful things to say.
Many people seem absolutely certain that no computer could ever be sentient, conscious,

self-wilied, oi itt 
"ny 

other way "aware" of itself. But what makes everyone so sure that they
themselves possess fhose admirable qualities? It's true that if we're sure of anything at all, it is
that "I'm dwore-hence I'm dwdre." Yet what do such convictions really mean? [f self-awareness
means to know what's happening inside one's mind, no realist could maintain for long that
people have much insight, in the literal sense of seeing-in. Indeed, the evidence that we are
ielf-aware-that is, that we have any special aptitude for finding out what's happening inside
ourselves-is very weak indeed. It is true that certain people have a special excellence at
assessing the attitudes and motivations of other persons (and, more rarely, of themselves). But
this does not justify the belief that how we learn things about people, including ourselves, is
fundamentally different from how we learn about other things. Most of the understandings we
call "insights" are merely variants of our other ways to "figure out" what's happening.
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6.9 HEADS IN THE CTOIIDS

What we call a mind is nothing but a heap or collection of different
perceptions, united together by certain relations and suppos'd, tho'

falsely, to be endow'd with a perfect simplicity and identity.
-Devro  Hur r , rn

We'll take the view that nothing can have meaning by itself, but only in relation to whatever
other meanings we already know. One might complain that this has the quality of the old
question, "Which came first, the chicken or the egg?" If each thing one knows depends on
other things one knows, isn't that like castles built on air? What keeps them from all falling
down, if none are tied to solid ground?

Well, first, there's nothing basically wrong with the idea of a society in which each part lends
meaning to the other parts. Some sets of thoughts are much like twisted ropes or woven cloths
in which each strand holds others both together and apart. Consider all the music tunes you
know. Among them you can surely find two tunes of which you like each one the more because
of how it's similar to or different from the other one. Besides, no human mind remains entirely
afloat. Later we'll see how our conceptions of space and time can be based entirely on networks
of relationships, yet can still reflect the structure of reality.

If every mind builds somewhat different things inside itself, how can any mind communicate
with a different mind? In the end, surely, communication is a matter of degree but it is not
always lamentable when different minds don't understand each other perfectly. For then,
provided some communication remains, we can share the richness of each other's thoughts.
What good would other people be if we were all identical? In any case, the situation is the same
insiile your mind-since even you yourself can never know precisely what you mean! How
useless any thought would be if, afterward, your mind returned to the selfsame state. But that
never happens, because every time we think about a certain thing, our thoughts go off in
different ways.

The secret of what anything medns to us depends on how we've connected it to all
the other things we know. That's why it's almost always wrong to seek the "real
meaning" of anything. A thing with iust one meaning has scarcely any meaning
at al l .

An idea with a single sense can lead you along only one track. Then, if anything goes wrong,
it just gets stuck-a thought that sits there in your mind with nowhere to go. That's why, when
someone learns something "by rots"-that is, with no sensible connections-we say that they
"don't really understand." Rich meaning-networks, however, give you many different ways to
go: if you can't solve a problem one way, you can try another. True, too many indiscriminate
connections will turn a mind to mush. But well-connected meaning-structures let you turn
ideas around in your mind, to consider alternatives and envision things from many perspectives

until you find one that works. And that's what we mean by thinking!
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6.10 WORTDS OUT OF MIND

AII these beautiful, evolutionary qualities spontaneously blossom
in indiyidual and collective life . . . where consciousness is found

identified with the unified field of all the laws of nature'
- B u L L s r l n ,  M e s e n l s s t

I  N t n  R N l r t o N a I -
U N I v s n s I r v ,  1 9 8 4

There is no singularly real world of thought; each mind evolves its own internal universe.

The worlds of thought that we appear to like the best are those where goals and actions seem

to mesh in regions large enough to spend our lives in-and thus become a Buddhist, or

Republican, oi poet, oi topologist. Some mental starting points grow into gteat, coherent

continents. In certain parts of mathematics, science, and philosoPhy, a relatively few but clear

ideas may lead into an endless realm of complex yet consistent new structures. Yet even in

mathematics, a handful of seemingly innocent rules can lead to complications far beyond our

grasp. Thus we feel we understand perfectly the rules of addition and multiplication-yet when

iye mix them together, we encounter problems about prime numbers that have remained

unsolved for centuries.
Minds also make up pleasant worlds of practical affairs-which work because we make them

work, by putting things in order there. In the physical realm, we keep our books and clothes in

self-made shelves and cabinets-thus building artificial boundaries to keep our things from

interacting very much. Similarly, in mental realms, we make up countless artificial schemes to

force things to seem orderly, by specifying legal codes, grammar rules and traffic laws. When
growing up in such a world, it all seems right and natural-and only scholars and historians

iecall the mass of precedents and failed experiments it took to make it work so well. These
"natural" worlds are actually more complex than the technical worlds of philosophy. They're

far too vast to comprehend-except where we impose on them the rules we make.
There is also a different and more sinister way to make the world seem orderly, in which the

mind has merely found a way to simplify itself. This is what we must suspect whenever some

idea seems to explain too much. Perhaps no problem was actually solved at all; instead, ihe
mind has merely found some secondary pathway in the brain, through which one can mechan-
ically dislodge each doubt and difference from its rightful place! This may be what happens in

some of those experiences that leave a person with a sense of revelation-in a state in which
no doubts remain, or with a vision of astounding clarity-yet unable to recount any details.

Some accident of mental stress has temporarily suppressed the capacity to question, doubt, or
probe. One remembers that no questions went unanswered but forgets that none were asked!
One can acquire certainty only by amputating inquiry.

When victims of these incidents become compelled to recapture them, their lives and person*

alities are sometimes permanently changed. Then others, seeing the radiance in their eyes and
hearing of the glory to be found, are drawn to follow them. But to offer hospitality to paradox

is like leaning toward a precipice. You can find out what it is like by falling in, but you may not
be able to fall out again. Once contradiction finds a home, few minds can spurn the sense-
destroying force of slogans such as "all is one."
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6.I I IN.SIGHT

Suppose that while you walked and talked, you could watch the signals that traverse your
brain. Would they make any sense to you? Many people have done experiments to make such
signals audible and visible, by using biofeedback devices. This often helps a person to learn to
control various muscles and glands that are not usually under conscious control. But it never
leads to comprehending how their hidden circuits work.

Scientists encounter similar problems when they use electronic instruments to tap into brain
signals. This has led to a good deal of knowledge about how nervous systems work-but those
insights and understandings never came from observation by itself. One cannot use data with-
out having at least the beginnings of some theory or hypothesis. Even if we could directly sense
all the interior details of mental life, it wouldn't tell us how to understand them. It might even
make that enterprise more difficult, by overwhelming our capacity to interpret what we see.
The causes and functions of what we observe are not themselves things we can observe.

Where do we get the ideas we need? Most of our concepts come from the communities in
which we're raised. Even the ideas we "get" for ourselves come from communities-this time,
the ones inside our heads. Brains don't manufacture thoughts in the direct ways that muscles
exert forces or ovaries make estrogensl instead, to get a good idea, one must engage huge
organizations of submachines that do a vast variety of jobs. Each human cranium contains
hundreds of kinds of computers, developed over hundreds of millions of years of evolution,
each with a somewhat different architecture. Each specialized agency must learn to call on
other specialists that can serve its purposes. Certain sections of the brain distinguish the sounds
of voices from other sorts of sounds; other specialized agencies distinguish the sights of faces
from other types of objects. No one knows how many different such organs lie in our brains.
But it is almost certain that they all employ somewhat different types of programming and
forms of representation; they share no common language code.

If a mind whose parts use different languages and modes of thought attempted to look inside
itself, few of those agencies would be able to comprehend one another. It is hard enough for
people who speak different human languages to communicate, and the signals used by different
portions of the mind are surely even less similar. If agent P asked any question of an unrelated
agent Q, how could Q sense what was asked, or P understand its reply? Most pairs of agents
can't communicate at all.
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6.12 INTERNAT COMMUNICATION

If agents can't communicate, how is it that people can-in spite of having_such different

backgftunds, thoughts, and purposes? The answer is that we overestimate how much we

actua']ly communicate. Instead, dLspite those seemingly important differences, much of what

we do is based on common knowledge and experience. So even though we can scarcely speak

at all about what happens in our lower-level mental processes, we can exploit their common

heritage. Although wL can't express what we mean, we can often cite various examples to

indicale how to connect structures we're sure must already exist inside the listener's mind. In

short, we can often indicate which sorts of thoughts to think, even though we can't express

how they operate.
The words and symbols we use to summarize our higherJevel goals and plans are not the

same as the signals used to control lower-level ones. So when our higherJevel agencies attempt

to probe into the 6ne details of the lower-level submachines that they exploit, they cannot

unierstand what's happening. This must be why our language-agencies cannot express such

things as how we balance on our bicycles, distinguish pictures from real things, or fetch our

facts from memory. We find it particularly hard to use our language skills to talk about the parts

of the mind that learned such skills as balancing, seeing, and remembering, before we started

to learn to speak.
"Meaning" itself is relative to size and scale: it makes sense to talk about a meaning only in a

system large enough to have many meanings. For smaller systems, that concept seems vacant
and superfluous. For example, Builder's agents require no sense of meaning to do their work;

Add merely has to turn on Get and Put. Then Get and Put do not need any subtle sense of

what those turn-on signals "psx1"-fecause they're wired up to do only what they're wired up

to do. In general, the smaller an agency is, the harder it will be for other agencies to compre-

hend its tiny "language."

The smaller two languages dre, the harder it will be to translate between them. This
is not because there are too many meanings, but because there are too few. The

fewer things an agent does, the less likely that what another agent does will cone-
spond to any of those things. And if two agents have nothing in common, no
translation is conceivable.

In the more familiar difficulty of translating between human languages, each word has many
meanings, and the main problem is to narrow them down to something they share. But in the
case of communication between unrelated agents, narrowing down cannot help if the agents
have nothing in common from the siart.
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6.13 SELF-KNOVYTEDGE IS DANGEROUS

To "know oneself" more perfectly might seem to promise something powerful and good. But
there are fallacies concealed behind that happy thought. No doubt, a mind that wants to
change itself could benefit from knowing how it works. But such knowledge might as easily
encourage us to wreck ourselves-if we had ways to poke our clumsy mental fingers into the
tricky circuits of the mind's machinery. Could this be why our brains force us to play those
games of mental hide and seek?

lust see how prone we are to risk experiments that change ourselves; how fatally we're drawn
to drugs, to meditation, music, even conversation-all powerful addictions that can change
our very personalities. fust see how everyone is entranced by any promise to transgress the
bounds of normal pleasure and reward.

In ordinary life, our pleasure systems help us learn-and, therefore, to behave ourselves-
by forcing checks and balances on us. Why, for example, do we become bored when doing the
same thing over and over, even if that activity was pleasant at first? This appears to be one
property of our pleasure systems; without enough variety, they tend to satiate. Every learning
machine must have some such protective scheme, since otherwise it could get trapped into
endlessly repeating the same activity. We are fortunate to be equipped with mechanisms that
keep us from wasting too much time, and it is fortunate, too, that we find it hard to suppress
such mechanisms.

lf we could deliberately seize control of our pleasure systems, we could reproduce
the pleasure of success without the need for any actual accomplishment. And that
would be the end of everything.

What prevents such meddling? Our minds are bound by many self-constraints. For example,
we find it hard to determine what's happening inside the mind. Later, when we talk about
infant development, we'll see that even if our inner eyes could see what's there, we'd find it
singularly hard to change the agents we might want most to change-the ones that, in our
infancy, helped shape our longestJasting self-ideals.

These agents are hard to change because of their special evolutionary origin. The long-term
stability of many other mental agencies depends on how slowly we change our images of what
we ought to be like. Few of us would survive if, left to random chance, our most adventurous
impulses could tamper freely with the basis of our personalities. Why would that be such a bad
thing to do? Because an ordinary "change of mind" can be reversed if it leads to a bad result.

But when you change your self-ideals-then nothing is left to turn you back.
Sigmund Freud theorized that each person's growth is governed by unconscious needs to

please, placate, oppose, or terminate our images of parental authority. If we recognized the
influence of those old images, however, we might consider them too infantile or too unworthy

to tolerate and seek to replace them with something better. But then what would we substitute
for them-once we divested ourselves of all those ties to instinct and society? We'd each end

up as instruments of even more capricious sorts of self-invented goals.
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6.t4 CONFUSION

It's mainly when our systems fail that consciousness becomes engaged. For example, we walk
and talk without much sense of how we actually do those things. But a person with an iniured
leg may, for the first time, begin to formulate theories about how walking works ("To turn to
tie teft, I'll have to push myself that way") and then perhaps consider which muscles might
accomplish that goal. When we recognize that we're confused, we begin to reflect on how our
minds solve problems and engage the little we know about our strategies of thought. Then we
find ourselves saying things like this:

"Now I must get organized. Why can't I concentrate on the important questions
and not get distracted by those other nonessential details?"

Paradoxically, it is smart to realize that one is confused-as opposed to being confused
without knowing it. For that stimulates us to apply our intellect to altering or repairing the
defective process. Yet we dislike and disparage the sense of confusion, not appreciating the
quality of this recognition.

However, once your B-brains make you start to ask yourself "What was I really attempting to
do?" yot can exploit that as an opportunity to change your goals or change how you describe
your situation. That way, you can escape the distress of feeling trapped because there seem to
be no adequate alternatives. The conscious experience of confusion can resemble pain; perhaps
this is because of how they both impel us to discover ways to escape from a predicament. The
difference is that confusion is directed against a person's own failing state of mind, whereas
pain reflects exterior disturbances. In either case, internal processes must be demolished and
rebuilt.

Both confusion and pain have injurious effects when they lead us to abandon goals on larger
scales than appropriate: "The entirc subiect makes me feel ill. Perhaps I should abandon the
whole proiect, occupation, or relationship." But even such dispiriting thoughts can serve as
probes for finding other agencies that might be engaged for help.
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7.I INTEI.TIGENCE

Many people insist on having some definition of "intelligence'"

CRITIC; How can we be sure that things like plants and stones, or storms and

strectms, are not intelligent in ways that we haye not yet conceived?

It doesn't seem a good idea to use the same word for different things, unless one has in mind

important ways in *hich they are the same. Plants and streams don't seem very good at solving
the kinds of problems we regard as needing intelligence.

CRITIC: Whot's so special about solying problems? And why don't you define
"intelligence" precisely, so that we cdn dgree on what we're discussing?

That isn't a good idea, either. An author's job is using words the ways other people do, not
telling others how to use them. In the few places the word "intelligence" appears in this book,
it merely means what people usually mean-the ability to solve hard problems.

CRITIC; Then you should define what you mean by d"hdrd" problem. We know it
took a lot of human intelligence to build the pyramids-yet little coral reef ani-
mals build impressive structures on even larger scales. So don't you have to consider
them intelligent? Isn't it hard to build gigantic coral reefs?

Yes, but it is only an illusion that animals can "solve" those problems! No individual bird
discoyers a way to fly. Instead, each bird exploits a solution that evolved from countless reptile
years of evolution. Similarly, although a person might find it very hard to design an oriole's
nest or a beaver's dam, no oriole or beaver ever figures out such things at all. Those animals
don't "solve" such problems themselves; they only exploit procedures available within their
complicated gene-built brains.

CRITIC: Then wouldn't you be forced to say that evolution itself must be intelli-
gent, since it solved those problems of flying and building reefs and nests?

No, because people also use the word "intelligence" to emphasize swiftness and efficiency.
Evolution's time rate is so slow that we don't see it as intelligent, even though it finally produces
wonderful things we ourselves cannot yet make. Anyway, it isn't wise to treat an old, vague
word like "intelligence" as though it must define any definite thing. Instead of trying to say what
such a word "means," it is better simply to try to explain how we use it.

Our minds contain processes that enable us to solve problems we consider difficult.
"Intelligence" is our name for whichever of those processes we don't yet understand.

Some people dislike this "definition" because its meaning is doomed to keep changing as we
learn more about psychology. But in my view that's exactly how it ought to be, because the
very concept of intelligence is like a stage magician's trick. Like the concept of "the unexplored
regions of Africa," it disappears as soon as we discover it.
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7.2 UNCOMMON SENSE

We've all heard iokes about how stupid present-day computers are. They send us bills and
checks for zero dollars and zero cents. They don't mind working in endless loops, repeating the
same thing a billion times. Their total lack of common sense is another reason people think
that no machine could have a mind.

It is interesting to note that some of the earliest computer programs excelled at what people
consider to be "expert" skills. A 1956 program solved hard problems in mathematical logic, and
a 196l program solved college-level problems in calculus. Yet not till the 1970s could we
construct robot programs that could see and move well enough to arrange children's building-
blocks into simple towers and playhouses. Why could we make programs do grown-up things
before we could make them do childish things? The answer may seem paradoxical: much of
"expert" adult thinking is actually simpler than what is involved when ordinary children play!
Why is it easier to program what experts do than what children do?

What people vaguely call common sense is actually more intricate than most of the technical
expertise we admire. Neither that "expert" program for logic nor the one for calculus embodied
more than a hundred or so "facts"-2n61 most of them were rather similar to one another. Yet
these were enough to solve collegeJevel problems. In contrast, think of all the different ftinds
of things a child must know merely to build a house of blocks-a process that involves knowl-
edge of shapes and colors, space and time, support and balance, and an ability to keep track of
what one is doing.

To be considered dn "expert," one needs a large amount of knowledge of only a
relatively few varieties. In contrast, dn ordinary person's "common sense" involves
a much larger variety of different types of knowledge-and this requires more
complicated management sy stems.

There is a simple reason why it is easier to acquire specialized knowledge than commonsense
knowledge. Each type of knowledge needs some form of "representation" and a body of skills
adapted to using that style of representation. Once that investment has been made, it is rela-
tively easy for a specialist to accumulate further knowledge, provided the additional expertise is
uniform enough to suit the same style of representation. A lawyer, doctor, architect, or com-
poser who has learned to deal with a range of cases in some particular field finds it relatively

easy to acquire more knowledge of a similar character. Think how much longer it would take a

single person to learn to deal competently with a few diseas es and several kinds of law cases and

a small variety of architectural blueprints and a few orchestral scores. The greater variety of

representations would make it much harder to acquire the "same amount" of knowledge. For

each new domain, our novice would have to learn another type of representation and new skills
for using it. It would be like learning many different languages, each with its own grammar,

lexicon, and idioms. When seen this way, what children do seems all the more remarkable,

since so many of their actions are based upon their own inventions and discoveries.
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7.3 THE P{.IE;ZLE PRINCIPIJ

Many people reason that machines do only what they're programmed to do--and hence can

never be creative or original. The trouble is that this argument presumes what it purports to

show: that you can't prolram a machine to be creative! In fact, it is surprisingly easy to program

, .o-put", so that lt tr'iff proceed to do more different things than any programmer could

i-agi"e in advance. This is possible because of what we'll call the "puzzle principle."

Ptzzle Principle: We can progrdm a computer to solve any problem by trial and

error, without-knowing how to solve it in advance, profided only that we have a

way to recognize when the problem is solved.

By "trial and error" we mean programming the machine systematically to generate all possible

structures within some univeri. of possibilities. For example, suppose you wished to have a

robot machine that could build a bridge across a stream. The most efficient program for this

would simply execute a specific procedure, planned out in advance, to precisely place some

boards and nails. Of courie, you couldn't write such a program unless you already knew how

to build a bridge. But consider the alternative below, which is sometimes called the generate

and test method. It consists of writing a two-part program.

Generate. The first process simply produces, one after another, every possible ar'
rangement of the boards and nails. At first, you might expect such a program to be
hard to write. But it turns out to be surbrisingly easy, once you appreciate that
there is no requirement for each arrangement to make dny sense whatsoever!

Test. The second part of the process examines each arrangement to see whether the
problem has been solved. If the goal were to build a dam, the fast is simply whether
it holds back the stream. If the goal were to build a bridge, the test is simply
whether it sPans the stream.

This possibility makes us reexamine all our old ideas about intelligence and creativity, since
it meani that, in principle, at least, we can make machines solve any problems whose solutions
we can recognize. This is rarely practical, however. Consider that there must be a thousand
ways to attach two boards, a million ways to connect three of them, and a billion ways to nail
four boards together. It would take inconceivably long before the puzzle principle produced a
workable bridge. But it does help, philosophically, to replace our feeling of mystery about
creativity by more specific and concrete questions about the efficiency of processes. The main
problem with our bridge-building machine is the lack of connection between its generator and
its test. Without some notion of progress toward a goal, it is hard to do better than mindless
chance.
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7.4 PROBIfiM SOTVING

In principle, we can use the "generate and test" method-that is, trial and error-to solve
any problem whose solution we can recognize. But in practice, it can take too long for even the
most powerful computer to test enough possible solutions. Merely assembling a simple house
from a dozen wooden blocks would require searching through more possibilities than a child
could try in a lifetime. Here is one way to improve upon blind trial-and-error search.

The Progress Principle: Any process of exhaustiye search can be greatly reduced if
we possess some wdy to detect when "progress" hds been made. Then we can trace a
path toward a solution, iust as a person can climb an unfamiliar hill in the dark-
by feeling around, at ewry step, to find the direction of steepest ascent.

Many easy problems can be solved this way, but for a hard problem, it may be almost as
difficult to recognize "progress" as to solve the problem itself. Without a larger overview, that
"hill climber" may get stuck forever on some minor peak and never find the mountaintop.
There is no foolproof way to avoid this.

Goals and Subgoals.The most powerful way we know for discovering how to solve
a hard problem is to find a method that splits it into several simpler ones, each of
which can be solved sePdrdtely.

Much research in the field called Artificial lntelligence has been concerned with finding
methods machines can use for splitting a problem into smaller subproblems and then, if nec-
essary, dividing these into yet smaller ones. In the next few sections we'll see how this can be
done by formulating our problems in terms of "goals."

Using Knowledge. The most efficient way to solve a problem is to already know
how to solve it. Then one can avoid search entirely.

Accordingly, another branch of Artificial Intelligence research has sought to find ways to
embody knowledge in machines. But this problem itself has several parts: we must discover how
to acquire the knowledge we need, we must learn how to represent it, and, finally, we must
develop processes that can exploit our knowledge effectively. To accomplish all that, our mem-
ories must represent, in preference to vast amounts of small details, only those relationships
that may help us reach our goals. This research has led to many practical "knowledge-based"
problem-solving systems. Some of these are often called "expert systems" because they're based
on imitating the methods of particular human practitioners.

A curious phenomenon emerged from this research. It often turned out easier to program
machines to solve specialized problems that educated people considered hard-such as playing

chess or proving theorems about logic or geometry-than to make machines do things that
most people considered easy-such as building toy houses with children's blocks. This is why
I've emphasized so many "easy" problems in this book.
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7.5 I,.EARNING ATitD MEMORY

There is an old and popular idea that we learn only what we are rewarded for' Some psychol-

ogists have claimed that human l""rrrirrg i, fased entirely on "reinforcement" by reward: that

even when we train ourselves with no external inducements, we are still learning from reward

-only now in the foim of signals from inside ourselves. But we cannot trust an argument that

assumes what it purports to prove, and in any case' when we try to use thjs idea to explain how

oeople learn to solve hard problems, *. 
"rr"L,rnter 

a deadly ciicularity. You first must be able

io io ,o*uthing before you can be rewatded for doing,it!-

This circularity *a, ,,o great problem when lvanFavlov studied conditioned reflexes nearly a

century ago, because in f,is experiments the animals never needed to produce new kinds of

behavior; they only had to link new stimuli to old behaviors. Decades later, Pavlov's research

was extended by the Harvard psychologist B. F. Skinner, who recognized that higher-animals

did indeed sometimes exhibit new for-, J behavior, which he called "operants." Skinner's

experiments confirmed that when a certain operant is followed by a reward, it is likely to

reappear mor. fr.qu..,ttv on later occasions. He also discovered that this kind of learning has

much larger effects if the animal cannot predict w!e1 it witl be rewarded' Under names like
.,operant conditioning" and "behavior modification," Skinner's discoveries had a wide influence

i"'pry"f.ofogy and eJucation, but never led to explaining how brains produce new operants'

Furthermore, few of these animal experiments shed much light on how humans learn to form

and carry out their co*pt.* plans; the trouble is that othei animals can scarcely learn such

things at all. Those twin ideas- rewardlsuccess and punishlfailure-do -not- explain enough

;;i how people f."r" i, f-a"". the new ideas that enable them to solve difficult problems

that could not ottrer*ise be solved without many lifetimes of ineffectual trial and error'

The answer must l.ii in learning betteruoy, io learn. ln order to discuss these things, we'll

have to start by using many ordiiary words like goal, reward, leaming, thinking, recognizing,

Iiking, wanting, imigining, and remembering-a11based on old and vague ideas' we'll find

that most ,,r"h *o.Jr"-"r[1" replaced by new distinctions and ideas. Still, there's something

common to them all: in order to iolue any hard problem, we must use various kinds of memo-

ries. At .""h ..,o*.rri, *. *,rrt keep track of what we've iust done-or else we might repeat

the same st.p, ou., 
"r,a 

ou.t again. Alro, *. must somehow maintain our goals-or we'll end

6j;i;g pointless things. Fina'lly, once our problem is-solved, we need access to records of

hfw it *".r dott., for use when similar problems arise in the future.

Much of this Uoot will be concerned with memory-that is, with records.of the mental past'

wirv, r,or, and when should such records be made? When the human brain solves a hard

problem, many millions of agents and processes are involved. Which agents could be wise

enough to guess *h"i 
"hr.,ge"s 

should then be made? The highJevel agents can't know such

tf,i"gi, the/scarce\ know uThich lower-level processes exist. Nor can lower-level agents know

which of their actions helped us to reach our highJevel goals; they scarcely-know that higher-

l.u"igoa, exist. The rg.rrti", that move our legs aren't concerned with whether we are walking

towar? home or towaid work-nor do the agents involved with such destinations know any-

it i"g 
"f 

controlling individual muscle units. Where in the mind are iudgments made about

which agents merit Praise or blame?
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7.6 REINFORCEMENT AND REWARD

For learning to take place, each play of the game must yield much
more information. This is achieved by breiking the problei ;ii'
components. The unit of success is the goar. rf a goal is achieved,

its subgoals are reinforced; if not, they are inhibited.
- A l r n N  N s w E r r

One thing is sure: we always find it easier to do things we've done before. What happens inour minds to make that possible? Here's one idea: In" the course of solving some problem,certain agents must have aroused certain other agents. So let's take "reward" to mean that ifagent A has been involved-in arousing agent B, the effect of reward ir, ro-"rrow, to make iteasier for A to arouse B in the future 
"nd 

,ho, perhaps, to rnake it harder for A to arouse otheragents' At one time, I was so taken with this idea thit I designed a machine calied the Srrarc,which learned according to this principle; it was composed oi forty agents, 
"".rr-"orrrr.cted 

toseveral others, more or-less at random, through a "r6ward" system tf,at, when activated aftereach success, made each agent more likely to r'earouse the same recipients at later times.
We presented this machine with problems like learnirrg to fir,d a path th;;;;h; maze whileavoiding a hostile predator. 

-It quickly learned to solve eisy problems but never could learn tosolve hard problems like building towers or playing chess. Iib"""-" clear that, in order to solvecomplicated problems, anv machine of limited size must be able to reuse iir;;;;i, in different
ways in different contexts-as See must do when involved in two concurrent tasks. But whenthe Snarc tried to learn its way through a complicated maze, a typical agent might suggest agood direction to move in at one moment, then suggest a bad direction at another moment.
Later, when we rewarded.it.for doing something rJlk.d, both those decisions became more
likely-and all those "goods" and "bads" tended [o cancel one another out!
- This poses a dilemma in designing machines that learn by "reinforcing" the connections
between agents' In the cours_e of_solving a hard problem, one will usually tri r.ulr"r bad moves
befole finding a good one-for this is virtually what we medn by calling 

" 
pfif."-, .,hard.,,To

avoid learning those bad moves, we could design a machine to reinforle only what happened
in the last few moments before success. But such a machine would be able to learn only to
solve problems whose solutions require iust a few steps. Alternatively, we could design the
reward to work over longer spans of time; however, thit would not only ,.*"rd ihe bad deci-
sions along with the good but would also erase other things that it had previourty l.".rr.d to do.
We cannot learn to solve hard problems by indiscriminately reinforcing agents or their connec-
tions. Why is it that among all the animals, only the great-brained relativJs of man can learn to
solve problems that require many steps or involve uling the same agencies for different pur-
poses? We'll seek the answer in the policies our agencies use for accoriplishing goals.

You might argue that a beaver goes through many steps to build a dn-, ,Jd"oes a colony of
termites when it builds its complex castle nest. However, these wonderful animals do not learn
such accomplishments as individuals but use the procedures that have become encoded in their
species' genes over millions of years of evolution. You cannot train a beaver to build a termite
nest or teach termites to build beaver dams.
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7.7 TOCAT RESPONSIBIIJTY

Suppose that Alice, who owns a wholesale store, asks the manager, Bill, to increase sales. Bill
instructs the salesman, Charles, to sell more radios. Charles secures a large order, on profitable
terms. But then the firm can't actually deliver those radios, because they are in short supply.
Who is to blame? Alice would be justified in punishing Bill, rvhose job it was to verify the
inventory. The question is, should Charles be rewarded? From Alice's viewpoint, Charles's
actions have only disgraced the firm. But from Bill's viewpoint, Charles succeeded in his
mission to get sales, and it wasn't his fault that this failed to accomplish his supervisor's goal.
Consider this example from two perspectives-call them "local reward" and "global reward."

The Local scheme rewards each agent that helps accomplish its supertisor's goal.
So BilI rewards Charles, even though Charles's action served no higher-level goal.

The Global scheme rewards only agents that help accomplish top-level goals. So
Charles gets no reward at all.

It is easy to invent machinery to embody local learning policies, since each assignment of
credit depends only on the relation between an agent and its supervisor. It is harder to imple-
ment a global learning scheme because this requires machinery to find out which agents are
connected all the way to the original goal by unbroken chains of accomplished subgoals. The
local scheme is relatively generous to Charles by rewarding him whenever he accomplishes
what is asked of him. The global scheme is much more parsimonious. It dispenses no credit
whatever to Charles, even though he does as his supervisor requests, unless his action also
contributes to the topJevel enterprise. In such a scheme, agents will often learn nothing at all
from their experiences. Accordingly, global policies lead to learning more slowly.

Both schemes have various advantages. The cautiousness of the global policy is appropriate
when mistakes are very dangerous or when the system has plenty of time. This can lead to more
"responsible" behavior-since it could make Charles learn, in time, to check the inventory for
himself instead of slavishly obeying Bill. The global policy does not permit one to justify a bad
action with "I was only obeying the orders of my superior." On the other side, the local policy
can lead to learning many more different things at once, since each agent can constantly
improve its ability to achieve its local goals, regardless of how they relate to those of other
portions of the mind. Surely our agencies have several such options. Which ones they use may
depend, from moment to moment, upon the states of other agencies whose iob it is to learn,
themselves , which learning strategies to use, depending on the circumstances.

The global scheme requires some way to distinguish not only which agents'activities have
helped to solve a problem, but also which agents helped with which subproblems. For example,
in the course of building a tower, you might find it useful to push a certain block aside to make
room for another one. Then you'd want to remember that pushing can help in building a tower
-but if you were to conclude that pushing is a generally useful thing to do, you'd never get
another tower built. When we solve a hard problem, it usually is not enough to say that what a
certain agent did was "good" or "bad" for the entire enterprise; one must make such judgments
depend, to some extent, on the local circumstances-that is, on how the work of each agent
helped or hindered the work of related agents. The effect of rewarding an agent must be to
make that agent react in ways that help to accomplish some specific goal-without too much
interference with other, more important goals. All this is simple common sense, but in order to
pursue it further, we'll have to clarify our language. We have all experienced the pursuit of
goals, but experience is not the same as understanding. What is a goal, and how can a machine
have one?
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7.E DIFFERENCE-ENGINES

Whenever we talk about a"goal," we mix a thousand meanings in one word. Goals are linked
to all the unknown agencies that are engaged whenever we try to change ourselves or the
outside world. If "goal" involves so many things, why tie them all to a single word? Here's some
of what we usually expect when we think that someone has a goal:

A "goal-diren" system does not seem to react directly to the stimuli or situations
it encounters. Instead, it treats the things it finds as obiects to exploit, avoid, or
ignore, as though it were concerned with something else that doesn't yet exist.
When any disturbdnce or obstacle diverts a goal-directed system from its course,
that system Eeems to try to remoye the interference, go around it, or turn it to some
ad.vantage.

What kind of process inside a machine could give the impression of having a goal-of
purpose, persistence, and directedness? There is indeed a certain particular type of machine
that appears to have those qualities; it is built according to the principles below, which were
first studied in the late I950s by Allen Newell, C. f . Shaw, and Herbert A. Simon. Originally,
these systems were called general problem solvers, but I'll simply call them difference-engines.

A difference-engine must contain a description of a "desired" situation.

It must have subagents that are aroused by various differences between the desired
situation and the actual situation.

Each subagent must act in a way that tends to diminish the difference that aroused
it.

ACTUAL
INPUTS

IDEAL
INPUTS

At first, this may seem both too simple and too complicated. Psychologically, a difference-
engine might appear to be too primitive to represent the complex of ambitions, frustrations,
satisfactions, and disappointments involved in the pursuit of a human goal. But these aren't
really aspects of our goals themselves but emerge from the interactions among the many
agencies that become engaged in pursuit of those goals. On the other side, one might wonder
whether the notion of a goal really needs to engage such a complicated four-way relationship
among agents, situations, descriptions, and differences. Presently we'll see that this is actually
simpler than it seems, because most agents are already concerned with differences.
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7.9 INTENTIONS

When we watch a ball roll down a slope, we notice it seems to try to get around obstacles that
lie in its path. If we didn't know about gravity, we might be tempted to think that the ball has
the goal of moving down. But we know that the ball isn't "trying" to do anything; the impression
of intention is only in the watcher's mind.

When we experiment with Builder we also get the sense that it has a goal. Whenever you take
its blocks away, it reaches out and takes them back. Whenever you knock its tower down, it
rebuilds it. [t seems to want a tower there, and it perseveres until the tower is done. Certainly
Builder seems smarter than the rolling ball because it overcomes more complicated obstacles.
But once we know how Builder works, we see that it's not so different from that ball: all it does
is keep on finding blocks and putting them on top of other blocks. Does Builder really have a
goal?

One ingredient of having a goal is persistence. We wouldn't say that Builder wants a tower, if
it didn't keep persisting in attempts to build one. But persistence alone is not enough-and
neither Builder nor that rolling ball have any sense of. where they want to go. The other critical
ingredient of goal is to have some image or description of a wanted or desired state. Before we'd
agree that Builder wants a tower, we'd have to make sure that it contains something like an
image or a description of a tower. The idea of a difference-engine embodies both elements: a
representation of some outcome and a mechanism to make it persist until that outcome is
achieved.

Do difference-engines "really" want? It is futile to ask that kind of question because it seeks a
distinction where none exists-except in some observer's mind. We can think of a ball as a
perfectly passive object that merely reacts to external forces. But the eighteenth-century physi-
cist fean Le Rond d'Alembert showed that one can also perfectly predict the behavior of a
rolling ball by describing it as a difference-engine whose goal is to reduce its own energy. We
need not force ourselves to decide questions like whether machines can have goals or not.
Words should be our servants, not our masters. The notion of goal makes it easy to describe
certain aspects of what people and machines can do; it offers us the opportunity to use simple
descriptions in terms of active purposes instead of using unmanageably cumbersome descrip-
tions of machinery.

To be sure, this doesn't capture everything that people mean by "having goals. " We humans
have so many ways of wanting things that no one scheme can embrace them all. Nevertheless,
this idea has already led to many important developments both in Artificial Intelligence and in
psychology. The difference-engine scheme remains the most useful conception of goal, pur-
pose, or intention yet discovered.
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7.IO GENIUS

We naturally admire our Einsteins, Shakespeares, and Beethovens-and we wonder if ma-
chines could ever create such wondrous theories, plays, and symphonies. Most people think
that accomplishments like these require "talents" or "gifts" that cannot be explained. If so, then
it follows that computers can't create such things-since anything machines do can be ex-
plained. But why assume that what our greatest artists do is very different from what ordinary
people do-when we know so little about what ordinary people dol Surely it is premature to ask
how great composers write great symphonies before we know how ordinary people think of
ordinary tunes. I don't believe there is much difference between normal and "creative"
thought. Right now, if asked which seems the more mysterious, I'd have to say the ordinary
kind.

We shouldn't let our envy of distinguished masters of the arts distract us from the wonder of
how each of us gets new ideas. Perhaps we hold on to our superstitions about creativity in order
to make our own deficiencies seem more excusable. For when we tell ourselves that masterful
abilities are simply unexplainable, we're also comforting ourselves by saying that those super-
heroes come endowed with all the qualities we don't possess. Our failures are therefore no fault
of our own, nor are those heroes' virtues to their credit, either. lf it isn't learned, it isn't earned.

When we actually meet the heroes whom our culture views as great, we don't find any
singular propensities-only combinations of ingredients quite common in themselves. Most of
these heroes are intensely motivated, but so are many other people. They're usually very
proficient in some field-but in itself we simply call this craftsmanship or expertise. They often
have enough self-confidence to stand up to the scorn of peers-but in itself, we might just call
that stubbornness. They surely think of things in some novel ways, but so does everyone from
time to time. And as for what we call "intelligence," my view is that each person who can speak
coherently already has the better part of what our heroes have. Then what makes genius dppedr
to stand apart, if we each have most of what it takes?

I suspect that genius needs one thing more: in order to accumulate outstanding qualities,
one needs unusually effective ways to learn. It's not enough to learn a lot; one also has to
mdnage what one learns. Those masters have, beneath the surface of their mastery, some
special knacks of "higher-order" expertise, which help them organize and apply the things they
learn. It is those hidden tricks of mental management that produce the systems that create
those works of genius. Why do certain people learn so many more and better skills? These all-
important differences could begin with early accidents. One child works out clever ways to
arrange some blocks in rows and stacks; a second child plays at rearranging how it thinks.
Everyone can praise the first child's castles and towers, but no one can see what the second
child has done, and one may even get the false impression of a lack of industry. But if the
second child persists in seeking better ways to learn, this can lead to silent growth in which
some better ways to learn may lead to better ways to learn to learn. Then, later, we'll observe
an awesome, qualitative change, with no apparent cause-and give to it some empty name like
talent, aptitude, or gift.

Finally, an awful thought: perhaps what we call genius is rare because our evolution works
without respect for individuals. Could any tribe or culture endure in which each individual
discovered novel ways to think? If not, how sad, since the genes for genius might then lead not
to nurturing, but only to frequent weeding-out.
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CHAPTER 8

A THEORY OF
MEMORY

I compared these yarious happy impressions with one another
and found that they had this in common, ndmely, that I felt

them as though they were occurring simultaneously in the
present moment and in some distant past, which the sound of

the spoon against the plate, or the uneyenness ofthe flagstones,
or the peculiar flavor of the madeleine eyen went so far as to

make coincide with the present,leaving me uncertain in which
period I was. In truth, the person within me who was at this
moment enioying this impression enioyed in it the qualities

which it possessed that were common to both an earlier day and
the present moment; and this person came into play only when,

by this process of identifying past with present, he could find
himself in the only environment in which he could live, that is

to say, entirely outside of time.

-MencE , r  Pnous r



E.l K- IJNES: A THEORY OF MEMORY

We often talk of memory as though the things we know were stored away in boxes of the
mind, like obiects we keep in closets in our homes. But this raises many questions.

How is knowledge represented?
How is it stored?
How is it retrieved?
Then, how is it used?

Whenever we try to answer any of these, others seem to get more complicated, because we
can't distinguish clearly what we know from how it's used. The next few sections explain a
theory of memory that tries to answer all these questions at once by suggesting that we keep
each thing we learn close to the agents that learn it in the first place. That way, our knowledge
becomes easy to reach and easy to use. The theory is based on the idea of a type of agent called
a "Knowledge-line," or "K-line" for short.

Wheneyer you "get a good ided," solve a problem, or haye a memorable experience,
you activate a K-line to "represent" it. A K-line is a wirelike structure that attaches
itself to whichever mental agents are active when you solve a problem or have a
good idea.

When you activate that K-line later, the agents attached to it are aroused, putting
you into a "mental state" much like the one you were in when you solved that
prablem or got that idea. This should make it relatitely eosy for you to solre new,
similar problems!

In other words, we "memorize" what we're thinking about by making a list of the agents
involved in that activity. Making a K-line is like making a list of the people who came to a
successful party. Here is another image of how Klines work, suggested by Kenneth Haase, a
student at the MIT Artificial Intellisence Laboratorv who had a ereat deal of influence on this
theory.

"You wdnt to repair a bicycle. Before you start, smear your hands with red paint.
Then ettery tool you need to use will end up with red marks on it. When you're
done, iust remember that red means'good for fixing bicycles.' Next time you fix a
bicycle, you can saye time by taking out all the red-marked tools in advance.

"lf you use different colors for different iobs, some tools will end up marked with
several colors. That is, each agent can become attached to many different K-lines.
Later, when there's a job to do, iust actiyate the proper K-line for that kind of iob,
and all the tools used in the past for similar iobs will automatically become avail-
able."

This is the basic idea of the KJine theory. But suppose you had tried to use a certain wrench,
and it didn't fit. It wouldn't be so good to paint that tool red. To make our Klines work
efficiently, we'd need more clever policies. Still, the basic idea is simple: for each familiar kind
of mental job, your K-lines can refill your mind with fragments of ideas you've used before on
similar jobs. In such a moment, you become in those respects more like an earlier version of
yourself.
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8.2 RE.MEMBERING

Suppose once, long ago, you solved a certain problem P. Some of your agents were active
then; others were quiet. Now let's suppose that a certain "learning process" caused the agents
that were active then to become attached to a certain agent kP, which we'll call a KJine. If you
ever activate kP afterward, it will turn on just the agents that were active then, when you first
solved that problem P!
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Something in your

a different problem.
mind suspects that Q

Your mind is in a new state, with
is similar to P-and activates kP.

agents Q aroused.

Now two sets of agents are active in your mind at once: the Q-agents of your recent thoughts
and the P-agents aroused by that old memory. If everything goes well, perhaps both sets of
agents will work together to solve today's problem. And that's our simplest concept of what
memories are and how they're formed.

What happens if the now active agents get into conflicts with those the K-line tries to activate?
One policy might be to give priority to the Kline's agents. But we wouldn't want our memories
to rearouse old states of mind so strongly that they overwhelm our present thoughts-for then
we might lose track of what we're thinking now and wipe out all the work we've done. We only
want some hints, suggestions, and ideas. Another policy would give the presently active agents
priority over the remembered ones, and yet another policy would suppress both, according to
the principle of noncompromise. This diagram shows what happens for each of these policies
if we assume that neighboring agents tend to get into conflicts:
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The ideal scheme would activate exactly those P's that would be most helpful
present problem. But that would be too much to ask of any simple strategy.
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8.3 MENTAT STATES AND DISPOSMONS

Many modern scientists think it quaint to talk about "mental states." They feel this idea is
too "subiective" to be scientific, and they prefer to base their theories of psychology on ideas
about information processing. This has produced many good theories abouiproUf.r solving,
patt-ern recognition, and other important facets of psychology, but on the whole it hasn't led to
useful ways to describe the workings of our dispositions, attitudes, and feelings.

Is this because, as many think, our feelings ire inherently more complicatld than the things
we more easily describe in words? Npt necessarily: our memories of attitudes and feelings 

"orridcome from relatively simple Kline mechanisms-yet still be inexpressible. This is because K-
lines can easily recoid relatively widespread and diifuse activities and, later, reactivate thern all
at once. This helps explain a familiar psychological phenomenon:

The experiences we find easiest to recollect are often just the kinds we find the
hardest to describe.

For example, a novice can remember how it felt to be at a concert. A more proficient amateur
can remember more of the music itself-the rhythms and the harmonies and melodies. But
only skilled musicians can recall the smaller details of timbre, texture, and arrangement. Why
do we find it easier to recollect our attitudes and feelings than to describe what"actually tool
place? That's iust what we should expect from memories of the Kline kind. Suppor" ihrt 

"certain sentiment or disposition involved the activities of many different agents. It would be
easy to construct a huge KJine with which we could, later, make ourselves approximately
reexperience that complicated state-simply by rearousing the same activities. But this would
not automatically enable ts to describe those feelings, which is another matter entirelv, because
it would require us to summarize that huge, dispersed activity in terms of some much more
compact arrangement of verbal expressions.

- We cannot always iudge the complexity of our mental states by how easily we can express
them in words. A certain state of mind might involve a mass of information simply too enor-
mous and diverse to express in any small number of words, yet not be very complicated in any
interesting sense. Furthermore, the things we cdn express in words are, to 

" 
l"rg. extent,

constrained by the social process through which we learn to use those words. In oider for a
word 16 have a predictable effect on other persons, we must maintain strict, public discipline
on how that word is used-whereas each individual's private, internal signali need not be so
constrained. The signals that come from our nonverbal agents can have K-line connections
that branch out very rapidly to arouse other agents. If each member of such a society were to
arouse a mere hundred others, then in only three or four steps the activity of a single one of
them could affect a million other agents.

Once we think in terms of Kline memories, it becomes easy to imagine, at least in principle,
how a person could recall a general impression of a complex previous experiencl-but it
becomes hard to understand how a person can so easily comprehend a specific statement llke
"lohn has more candy than Mary." If this theory is correct, the traditional view must be upside
down,. which regards it as easy to understand how minds can deal with "facts" and "pro osi-
tions," but hard to see how minds could have diffuse, hard-to-express dispositions.
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8.4 PARTIAT MENTAI STATES

We make our new ideas by merging parts of older ones-and that means keeping more than
one idea in mind at once. Let's oversimplify matters for the moment and imagine that the mind
is composed of many "divisions," each involved with a different activity, like vision, locomotion,
langtige, and so forth. This pattern repeats on smaller scales, so that even the thought of the
simplest ordinary object is made up of smaller thoughts in smaller agencies. Thinking about a
small white rubber ball could activate some divisions like these:

SHAPE SUBSTANCE

RUBBER

COLOR SIZE

..:lii:,. .:i:,i:* **'t 
'''iu'
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FIST

SOME DIVISIONS OFA MIND-SOCIETY

We'll need some way to talk about the states of many agencies at once. So, in this book, I'll

use the expression "mental state" or "total mental state" when talking about the states of all of

one's agents. The new phrase "partial mental state" is for talking about the states of smaller
groups of agents. Now in order to be clear, we'll have to simplify our picture of the situation,
the way scientists do. We shall assume that each agent in our society, at each moment, is eithet
in a "quiet stote" or an "dctiye stdte." Why can't an agent be partially aroused, instead of only
"on" or "off"? They could indeed, but there are technical reasons why this would not make any
fundamental difference to the issues we are discussing here. In any case, this assumption allows

us to be precise:

A"total state" of mind is a list that specifies which agents are active and which are
quiet at a certain moment.

A "partial stdte" of mind merely specifies that certain agents are active but does
not say which other agents are quiet.

Notice that according to this definition, a mind can have exactly one total state at any
moment, br-rt it can be in many partial states at the same time-because partial states are
incomplete descriptions. The picture above shows a mind-society made up of several separate
divisions, so we can think of each division's state as one partial state, and this lets us imagine
that the entire system can "think several thoughts at once," just as a crowd of separate people
can. When your speech division is being occupied with what your friend is saying while your
vision division looks for a door to exit through-then your mind is in two partial states at once.

The situation is more interesting when two Klines activate agents in the same division at the
same time: imposing two different partial mental states on the same agency can lead to conflicts.
lt is easy to think of a small white bdll because this activates Klines that connect to unrelated
sets of agents. But when you try to imagine a round sgudre, your agents f.or round and square
are forced to compete to control the same set of shape-describing agents. If the conflict is not
settled soon, noncompromise may eliminate both-and leave you with the sense of an unde-
fined shape.
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E.5 TEVET.BANDS

kite n. a toy consisting of a light frame, usually of wood, with
paper or other light material stretched upon it; mostly in the form

of an isosceles triangle with a circular arc as base, or a quadrilateral
symmetrical about the longer diagonal; constructed (usually with a

tail of some kind for the purpose of balancing it) to be flown in a
strong wind by medns of a long string attached.

-Oxford English D ictionary

"lack is flying his kite." What knowledge do you need to understand this? It helps to know
that you can't fly kites without any wind. It helps to know how to fly a kite. You would
understand it better if you knew how kites are made, or where they're found, or what they cost.
Understanding never ends. It is remarkable how much we can imagine about fack's activity.
Neither you nor I have ever seen |ack's kite, nor do we know its color, shape, or size, and yet
our minds supply details from memories of other kites we've seen before. That sentence may
have made you think of string, yet string wasn't mentioned. How does your mind arouse so
many memories so quickly? And how does your mind know not to arouse too many memories
-something that could also lead to serious problems? To explain this, I'll introduce what I call
the level-band theory.

The basic idea is simple: we learn by attaching agents to K-lines, but we don't attach them all
with equal firmness. Instead, we make strong connections at a certain level of detail, but we
make weaker connections at higher and lower levels. A Kline for a kite mieht include some
properties like these:

TOO HIGH HIGH.LEVEL GENERALITIES AND FUNCTIONS OBJECT

TOY,GIFT

REOANDWHITE
SPECIF'C LOW.LEVEL DEIAILS AND STRUCTUNES

Whenever we turn on this K-line, it tries to activate all these agents, but those near the
fringes are attached as though by twice used tape and tend to retreat when other agents
challenge them. If most of the kites you've seen before were red and diamond-shaped, then
when you hear about Jack's kite, those weak connections will lead you to assume that Jack's
kite, too, is red and diamond-shaped. But if you should hear that fack's kite is green, your
weakly activated red-color agent memories will be suppressed by your strongly activated green-
color agents. Let's call these kinds of weakly activated memories assumptions by defauh. De-
fault assumptions, once aroused, stay active only when there are no conflicts. In psychological
terms, they are things we assume when we have no particular reason to think otherwise. Later
we'll see that default assumptions embody some of our most valuable kinds of commonsense
knowledge: knowing what is usual or typical. For example, they're why we all assume that fack
has hands and feet. If such assumptions turn out to be wrong, their weak connections allow
them to be easily displaced when better information comes to mind.
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8.6 tEVEtS

We sometimes think of memory as though it could transport us back to hear the voices of

times gone by and see the sights of the past. But memory can't really take us anywhere; it can

only recall our minds to prior states, to visit whal we used to be, by putting back what was in

the mind before. We introduced the level-band theory to provide a way for a memory to

encompass some range or "level" of detail of descriptions, as when, in remembering that kite

experience, certain aspects were recorded firmly and others weakly or not at all.

The concept of a level-band can be applied not only to descriptions of things, but also to our

memories of the processes and activities we use in order to achieve our goals-that is, the

mental states we re-create that once solved problems in the past. The problems we have to solve

change with time, so we must adapt our old memories to our present goals. To see how level-

bands can help with that, let's now return to Play-with-Blocks-but this time let's suppose that

our child has grown to maturity and wants to build a real house. Which agents from the old
building-society can still be applied to this new problem?

PLAY.WITH.ELOCKS

IEYEI ]'IOO,rlHlctl

LEVIEI:::ioo!'lit'tt

Old top-level
&rrsalre
inap$qiate.

&''dldedilsol
dd stategies
uetoo spxiftc.

The new house-building agency can certainly use many of Tower Builder's skills. It certainly
will need Add's lower-level skills like Find and Get and Puf. But HouseBuilder won't have so
much use for Tower Builder's highest-level agents like Begin and End-because these were
specialized for making towers. Nor will it have much use for Buildeis lowest-level skills, like
those in Crasp, because picking up such small blocks isn't the problem. But most of the skills
embodied in Builder's middle level-bands will still apply. These seem to embody the sort of
knowledge that is most broadly and generally useful, whereas uppermost and lowest level-bands
are more likely to be based on aspects of the problem that are specific to an older goal or to the
particular details of the original problem. But if our memory machinery has been designed so
that the contents of those distant fringes can be easily detached, the extra knowledge stored in
them will rarely do much harm and can often be helpful. For example, Tower Buildeis fringe
details could tell us what to do in case our house should grow very tall or require a high
chimney.

We started out by using level-bands for describing things-but we ended up using them for
doing things! In the next few sections we'll see that it is no accident that level-related ideas play
many different roles in how we think.
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8.7 FRINGES

It's hard to recognize a thing when you're presented with too much detail. To know that you
are seeing a kite, it helps to look for paper, sticks, and string. But if you were to use a micro-
scope, what you'd perceive would not be properties of kites at all, but merely features of
particular bits of paper, sticks or string. These might allow you to identify a particular kite but
not to recognize any other kite. Past a certain level of detail, the more one sees, the less one
can tell what one is seeing! The same applies to memories; they should weaken their attach-
ments at lower levels of detail.

Lower Band: Beyond a certain level of detail, increasingly complete memories of
previous situations are increasingly difficult to match to new situations.

To explain why K-lines need an upperJevel fringe, let's return to that example in which our
child originally learned how to build a tower-but now desires to build a house. Here, we could
have another kind of difficulty if we remembered too much about our previous goals!

Upper Band: Memories that arouse agents at too high a level would tend to provide
us with goals that are not appropriate to the present situation.

To see why our K-line memories should weaken their attachments aboye a certain level of
detail, consider this most extreme form. Suppose some memory were so complete that it made
you relive, in every detail, some perfect moment of your past. That would erase your present
"you"-and you'd forget what you had asked your memory to do!

Both fringing effects serve to make our memories more relevant to our present purposes. The
central level-band helps us find general resemblances between remembered events and present
circumstances. The lower fringe supplies additional details but does not force them upon us.
We use them only "by default" when actual details are not supplied. Similarly, the upper fringe
recalls to mind some memories of previous goals, but again, we're not forced to use them
except by default, when present circumstances do not impose more compelling goals. Seen this
way, we can think of the lower fringe as concerned with the structures of things, and we can
think of the upper fringe as involved with the functions of things. The lower levels represent
"obiective" details of reality; the upper levels represent our "subjective" concerns with goals and
intentions.

How could the fringes of the same K-line lie in two such different realms? Because in order
to think, we need intimate connections between things and goals-between structures and
their functions. What use would thinking be at all, unless we could relate each thing's details
to our plans and intentions? Consider how often the English language employs the selfsame
words for things and for their purposes. What tools would you use, when building your house,
to saw and clamp and glue your wood? That's obvious: you'd use a saw and a clamp and some
glue! Behold the wondrous force of those "meanings": no sooner do we hear the noun form of
a word than our agents strain to perform the acts that correspond to it as a verb. This phenom-
enon of connecting medns with ends is not confined to language-we'll see many other in-
stances of it in other kinds of agencies-but language may allow such linking with the least
constraint.
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E.8 SOCIETIES OF MEMORIES

Yesterday, you watched lack fly his kite. How do you remember that today? One answer
would be, "Remembering it is much like seeing it again." But yesterday, when you recognized
that kite, you didn't really see it as something wholly new. The fact that you recognized it as a
"kite" yesterday means that you already saw that kite in terms of even older memories.

This suggests two ways to make new memories of what you saw a moment ago. One scheme
is shown to the left below: you simply connect a new K-line to all the agents that were recently
active in your mind. The other way to make that memory is shown in the diagram to the right
below: instead of attaching the new K-line to that whole multitude of separate agents, connect
it only to whicheyer of your older K-lines were active recently. This will lead to a similar result,
since those K-lines were involved in arousing many of the agents that were active recently. This
second scheme has two advantages: it is more economical, and it leads to forming memories as
organized societies.

K-ilne attached to many agents. K-line attached to threa K-llnes.

Consider that when you realized Jack was flying a kite, this must have involved the use of K-
lines-for "fack" and "Fly" and "Kite"-that had been formed at earlier times and were aroused
by the sight of fack flying his kite. When those three K-lines were activated, each of them in
turn activated hundreds or thousands of other agents. (Your state of mind, when seeing that
scene, resulted from combinations both of agents aroused directly by your senses and of agents
aroused indirectly by your recognitions.) Now, our left-hand memory-scheme would need an
enormous number of connections to link all those agents to the new K-line. But our right-hand
scheme would obtain much the same effect by attaching the new Kline to only three old K-
lines! Yet when you reactivate that Kline at some later date, it will, in turn, arouse the same K-
lines for fack, Fly, Kite, and whichever other recognitions were involved. As a result, you will
reexperience many of the same recognitions as before. To that extent, you will feel and act as
though you were back in the same situation again.

To be sure, these two types of memories would not produce exactly the same results. Our
trick of connecting new K-lines to old ones will not recapture so many of the scene's precise,
perceptual details. Instead, the kinds of mental states that this "hierarchical" type of memory
produces will be based more on stereotypes and default assumptions than on actual percep-
tions. Specifically, you will tend to remember only what you recognized at the time. So some-
thing is lost-but there's a gain in exchange. These "K-line memory-trees" lose certain kinds of
details, but they retain more traces of the origins of our ideos. These memory-trees might not
serve quite so well if the original circumstances were exactly repeated. But that never happens,
anyway-and the structured memories will be much more easily adapted to new situations.
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8.9 KNOWTEDGE.TREES

If each K-line can connect to other K-lines, which, in turn, connect to others, then Klines
can form societies. But how can we make sure that this can serve our purposes, instead of
becoming a great, disordered mess? What could guide them into representing useful hierarchies
like these?

ffiHm ffiffimffiffiffi
Hftfiftftfrftfr* frRfrH*R frfrR frftRHHR RfrR

To keep things orderly, we'll now apply that level-band idea again. Remember that we first
invented Klines to link older agents together; then we invented level-bands to keep those K-
lines from filling up with too much useless, unrelated stuff. Now we have the same problem
again: when connecting new Klines to old ones, we must keep them from including too much
inappropriate detail. So why not try the same solution? Let's apply the level-band idea to the K-
line trees themselves!

When making d nev K-line memory, do not connect it to oll the K-lines actiye at
the time but only to those that are actiye within a certain level-band.

It might be supposed that this idea would be hard to apply unless we specify what "level"
means. However, something like this will happen automatically, simply because the new Kline
societies will tend to inherit whatever hierarchy already existed among the original agents that
become connected to those Klines. We've actually seen two different ideas about this. In our
Kite example, we talked about a description's "level of detail." That is, we regarded it as more
elevated to talk about "a sheet stretched dcross a frame" than to discuss the paper or the sticks
themselves. In our Builder example, we talked about goals and considered the Tower Builder
agent itself to be a level above the agents it exploits to solve its subproblems-agents like Begin
and Add andBnd.

This policy of connecting new K-lines to old ones must be used in moderation. Otherwise,
no new agents would eyer be included in our memories. Furthermore, it should not always be
required to produce simple, orderly hierarchy-trees; for example, in the case of Builder, we
found that both Move and Sea will often need one another's help, Eventually, all of our
knowledge-structures become entangled with various sorts of exceptions, shortcuts, and cross-
connections. No matter: the level-band idea will still apply in general, since most of what we
know will still be mainly hierarchical because of how our knowledge grows.

FLY
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8.IO tE\TEtS AND CI.ASSIFICATIONS

Isn't it interesting how often we find ourselves using the idea of level? We talk about a person's
levels of aspiration or accomplishment. We talk about levels of abstraction, levels of manage-
ment, levels of detail. Is there anything in common to all the level-things people talk about?
Yes: they each appear to reflect some way to organize ideas-and each seems vaguely hierar-
chical. Usually, we tend to think that each of those hierarchies illustrates some kind of order
that exists in the world. But frequently those orderings come from the mind and merely dppedr
to belong to the world. Indeed, if our theory of Kline trees is correct, it would seem "natural"
for us to classify things into levels and hierarchies-even when this does not work out perfectly.
The diagram below portrays two ways to classify physical obiects.

,- l\. ,- l-..
ALIVE VIRUS NOT ALIVE AIR LAND SEA

,/\ ,/l\-. -<- _1\_ _,/\
-2ry. z\ 

*loo.uTo'.srorNE 9Rgl+?2\ i\ 2\2i
e!!D FlsH oAK FIR BoAr (_PLANE) HoUsE - - - Erc.

These two hierarchies split things up in different ways. The birds and airplanes are close
together on one side, but far apart on the other side. Which classification is correct? Silly
question! [t depends on what you want to use it for. The one on the left is more useful for
biologists, and the one on the right is more useful for hunters.

How would you classifu a porcelain duck, a pretty decorative toy? Is it a kind of bird? Is it an
animal? Or is it just a lifeless piece of clay? It makes no sense to argue about it: "That's not a
bird!" "Oh, yes, it is, and it is also pottery." Instead, we frequently use two or more classifica-
tions at the same time. For example, a thoughtful child can play with a porcelain duck as
though it were a make-believe animal, yet at the same time treat it carefully, as is appropriate
when handling a delicate china object.

Whenever we develop a new skill or extend an old one, we have to emphasize the relative
importance of some aspects and features over others. We can place these into neat levels only
when we discover systematic ways to do so. Then our classifications can resemble level-schemes
and hierarchies. But the hierarchies always end up getting tangled and disorderly because there
are also exceptions and interactions to each classification scheme. When attempting a new task,
we never like to start anew: we try to use what has worked previously. So we search around
inside our minds for old ideas to use. Then, when part of any hierarchy seems to work, we drag
the rest along with it.
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8.I I LAYERS OF SOCIETIES

According to our concept of memory, the Klines of each agency grow into a new society.
So, to keep things straight, let's call the original agents S-ageits and call their society the S-
society. Given any S-society, we can imagine building -.-ori.s for it by constructing a corre-
sponding K-society for it. When we start making aK-society, we must link each K-hn! directly
to S-agents, because there are no other K-lines we can connect them to. Later we can use the
more-efficient policy of linking new K-lines to old ones. But this will lead to a different problem
of efficiency: the connections to the original S-agents will become increasingly remote and
indirect. Then everything will begin to slow down-unless the K-society contiiues to make at
least some new connections to the original S-society. That would be easy to arrange, if the
K-society grows in the form of a"layer" close to its S-society. The diagram below suggists such
an arrangement.

The connectlons ln the
K-soclety are slm,tar to
those In tne S-soclety,
except that the stgnals
tenct to flow In oppostte
dlrectlons.

If arranged this way, the layer pairs could form a curious sort of computer. As S-agents excite
K-agents and vice versd, a sort of spiraling activity would ensue. Over time, the location of that
activity might tend to drift upward or down and might also tend to spread out; without some
control, the system might soon become chaotic. But it would be hard to control the system
from within, nor would that serve the purposes of other agencies. However, we can easily
imagine how yet another, third agency could confine and control the K-S system's activity-by
specifying which level-band should remain active and suppressing all the iest. lndeed, itt"t it
precisely the sort of coarse control that a B-brain might exercise, since it could do all this
without needing to understand the fine details of what is happening inside the A-brain. The
third agency might simply look on and say impatiently, "This isn't getting anywhere: moye up
to take a higher-level view of the situation." Or it might say, "That looks like progress, so moye
farther down and fill in more details."

Is there any essential difference between the K- and S-societies? Not really-except that the
S-society came first. Indeed, we can imagine an endless sequence of such societies, in which
each new one learns to exploit the last. Later we'll propose that this is how our minds develop
in infancy-as sequences of layers of societies. Each new layer begins as a set of K-lines, which
starts by learning to exploit whatever skills have been acquired by the previous layer. Whenever
a layer acquires some useful and substantial skill, it tends to stop learning and changing-and
then yet another new layer can begin to learn to exploit the capabilities of the last. Eaih new
Iayer begins as a student, learning new ways to use what older layers can already do. Then it
slows its learning rate-and starts to serve both as subject and as teacher to the layers that form
afterward.
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CHAPTER 9

SUMMARIES
Apart from pain, whose function is obviously that of informing

the higher centers of the nervous system where there is
something out of order, there dre mdny physiological

mechanisms which are there for the sole reason of letting us
know that something is wrong. We feel ill without knowing the
redson. The wry fact that we haye only one term, "l feel ill," for

d rdnge of conditions based on differcnt causes is extremely
characteristic.
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9.I WANTING AND IJKING

One thing I hate is being asked questions like these:

Do you prefer physics to biology? Did you like that play?
Do you likeWagner? Did you enioy your year abraod?

What makes us want to compress so much into such inexpressive summaries as "like,"
"prefer," and "enjoy"? Why try to reduce such complex things to simple values or amounts of
pleasurable quality? The answer is that our measures of pleasure have many uses. They help us
make comparisons, compromises, and choices. They are involved with the communication
signs that we use to signify various degrees of attachment, satisfaction, and agreement. They
show themselves not only in words, but also as gestures, intonations, smiles and frowns, and
many other expressive signs. But we have to be careful not to accept those signs at their face
value. Neither the state of the world nor that of the mind is ever so simple that it can be
expressed in a single, one-dimensional judgment. No situation is ever completely satisfactory
or entirely disagreeable, and our reactions of pleasure or disgust are only superficial summaries
of pyramids of underlying processes. To "enjoy" an experience, some of our agents must
summarize success-but other agents must be censuring their subordinates for failing to
achieve their goals. So we ought to be suspicious when we find ourselves liking something very
much, because that might mean some of our agencies are forcefully suppressing other possibil-
ities.

The surer you dre that you like what you drc doing, the morc completely your other
ambitions are being suppfessed.

To choose between alternatives, the highest levels of the mind demand the simplest summar-
ies. If your top-level feelings were too often "mixed," you would rarely be able to make a choice
to decide which foods to eat, which paths to walk, or which thoughts to think. At the level of
action, you're forced to simplify right down to expressions like "Yes" and "No." But these are
not informative enough to serve the lower levels of the mind, where many processes go on at
once, and every agent has to judge how well it is serving some local goals. At lower levels of the
mind, there must be hosts of smaller, coexisting satisfactions and annoyances.

We often talk as though we ought to be controlled by what we want. lndeed we scarcely
distinguish between wanting something and potentially obtaining pleasure from it; the relation
between these two ideas seems so intimate that it actually feels odd to mention it. It seems so
natural to want what we like and to avoid what we don't like that we sometimes feel a sense of
unnatural horror when another person appears to violate that rule; then we think, They surely
wouldn't do such things unless, deep down, they really wanted fo. It is as though we feel that
people ought to want only to do the things they like to do.

But the relation between wanting and liking is not simple at all, because our preferences are
the end products of so many negotiations among our agencies. To accomplish any substantial
goal, we must renounce the other possibilities and engage machinery to keep ourselves from
succumbing to nostalgia or remorse. Then we use words like "liking" to express the operation
of the mechanisms that hold us to our choice. Liking's job is shutting off alternatives; we ought
to understand its role since, unconstrained, it narrows down our universe. This leads to liking's
artificial clarity: it does not reflect what liking is but only shows what liking does.
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9.2 GERRYMAIiIDERING

We all know how accomplishment can bring satisfaction, and we tend to assume a direct
connection between them. In very simple animals, where "satisfaction" means no more than
meeting simple, basic needs, satisfaction and accomplishment must indeed be virtually the
same. But in a complex human brain, a great many layers of agencies are interposed between
the ones that deal with body needs and those that represent or recognize our intellectual
accomplishments. Then what is the significance, in these more complicated systems, of those
pleasant feelings of accomplishment and disagreeable sensations of defeat? They must be in-
volved with how our higher-level agencies make summaries.

Suppose that you once had to send a present to a friend. You had to choose a gift and find a
box in which to wrap it. Soon, each such job turned into several smaller ones-like finding
strings and tying them. The only way to solve hard problems is by breaking them into smaller
ones and then, when those are too difficult, dividing them in turn. So hard problems always
lead to branching trees of subgoals and subproblems. To decide where resources should be
applied, our problem-solving agents need simple summaries of how things are going. Let's
suppose each agent's summary is based on other summaries it gets from the agents it supervises.
Here is a pathological example of what could happen if every such summary were based on a
simple majority decision:

All ln dl, lA t.y thtt was fun.

No, maybc onty tugtht.
Thatb lect than halfi -

ln facl lt wa: only 8/27ths.
That's lott than onc.thirdl

When all is done, if someone asked if you enjoyed the whole experience, you might say that
it was "fun" or "terrible. " But no such summ ary can say very much of what your agencies
actually learned. Your knot-tying processes learned which actions worked and failed; your
paper-folding and gift-selecting processes had other failures and accomplishments; but your
overall assessment of the experience cannot reflect all those details. If the entire episode left
you "unhappy," you might be less inclined to give presents in the future, but that should not
have much effect on what you learned about folding paper and tying string. No single sense of
"good" or "bad" can reflect much of what went on inside all your agencies; too much informa-
tion must be concealed. Then why does it seem so satisfactory for us to classify our feelings
into positive and negative and conclude that "on the whole" the net effect was bad or good?
True, sometimes feelings are more mixed and everything seems bittersweet, but, as we'll see,
there are many reasons why we have to oversimplify.
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9.3 I.EARNING FROI\fi FAITT'RE

So far, we've talked mostly of learning from success. But consider that when you succeed,
you must already have had the necessary means within your grasp. If so, then making changes
in your mind might only make things worse! As people often say, "You shouldn't argue with
success." For whenever you try to "improve" an already working procedure, you risk damaging
whichever other skills depend on that same machinery.

Accordingly, it may be more important that we learn from how we fail. What should you do
if some well-established method-call it "M"-has failed to reach a certain goal? One policy
would be to alter M, so it won't make the same mistake again. But even that might be dangerous
because it might cause M to fail in other ways. Besides, we might not know how to change M
to remove the error. A safer way to deal with this would be to modify M by adding special
memory devices called "censors" and "suppressors" (we'll discuss this in detail later), which
remember particular circumstances in which M fails and later proceed to suppress M when
similar conditioni recur. Such censors would not tell you what to do, only what you shouldn't
do; still, they prevent your wasting time try repeating old mistakes.

Learning has at least two sides. Some parts of our minds learn from success-by remember-
ing when methods work. But other portions of our minds learn mainly when we make mistakes,
by remembering the circumstances in which various methods failed to work. Later we'll see
how this can teach not only what we shouldn't do, but also what we shouldn't thinkt When that
happens, it can permeate our minds with prohibitions and taboos of which we're entirely
unaware. Thus, learning from success tends to aim and focus how we think, while learning
from failure also leads to more productive thoughts, but in a less directed way.

We would not need to deal with exceptions and censors if we lived in a universe of simple,
general rules with no exceptions, as in the lovely mathematical worlds of arithmetic, geometry,
and logic. But perfect logic rarely works in the real worlds of people, thoughts, and things. This
is because it is no accident that there are no exceptions to the rules in those mathematical
worlds: there, we start with the rules and imagine only obiects that obey them. But we can't so
willfully make up the rules for objects that already exist, so our only course is to begin with
imperfect guesses-collections of rough and ready rules-and then proceed to find out where
they're wrong.

Naturally, we tend to prefer learning from success rather than from failure. However, I
suspect that confining ourselves to "positive" learning experiences alone leads to relatively small
improvements in what we can already do. Probably, there is no way to avoid at least a certain
degree of discomfort when we make substantial chanses in how we think.
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9.4 ENJOYING DISCOMFORT

Do not become attached to the things you like, do not
maintain ayersion to the things you dislike. Sorrow, fear and

bondage come from one's likes and dislikes.
- B  u n p H e

Why do children enjoy the rides in amusement parks, knowing that they will be scared, even
sick? Why do explorers endure suffering and pain-knowing that their very purpose will dis-
perse once they arrive? And what makes ordinary people work for years at jobs they hate, so
that someday they will be able to-some seem to have forgotten what?

There is more to motivation than immediate reward. When we succeed at anything, a lot
goes on inside the mind. For example, we may be filled with feelings of accomplishment and
pride, and feel impelled to show others what we've done and how. However, it is the fate of
more ambitious intellects that the sweetness of success will swiftly fade as other problems come
to mind. That's good because most problems do not stand alone but are only smaller parts of
larger problems. Usually, after we solve a problem, our agencies return to some other, higher-
level cause for discontent, only to lose themselves again in other subproblems. Nothing would
get done if we succumbed to satisfaction.

But what if a situation gets completely out of our control-and offers no conceivable escape
from suffering? Then all we can do is try to construct some inner plan for tolerating it. One
trick is to try to change our momentary goal-as when we say, "It's getting there that's all the
fun." Another way is looking forward to some benefit to future Self: "I certainly shall learn from
fhis." When that doesn't work, we can still resort to even more unselfish schemes: "Perhaps
others may learn from my mistake."

These kinds of complications make it impossible to invent good definitions for ordinary words
like "pleasure" and "happiness." No small set of terms could suffice to express the many sorts
of goals and wants that, in our minds, compete in different agencies and on different scales of
time. It is no wonder that those popular theories about reward and punishment have never
actually led to explaining higher forms of human learning-however well they've served for
training animals. For in the early stages of acquiring any really new skill, a person must adopt
at least a partly antipleasure attitude: "Good, this is a chance to experience awkwardness and to
discover new kinds of mistakesl" It is the same for doing mathematics, climbing freezing moun-
tain peaks, or playing pipe organs with one's feet: some parts of the mind find it horrible, while
other parts enjoy forcing those first parts to work for them. We seem to have no names for
processes like these, though they must be among our most important ways to grow.

None of this is to say that we can discard the concepts of pleasure and liking as we use them
in everyday life. But we have to understand their roles in our psychology; they represent the
end effects of complex ways to simplify.
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CHAPTER 1 0

PAPERT'S
PRINCIPTE

Inteniewer: Now, Adam,listen to what I say. Tell me
which is better: "d wdter" ot "some wdter"?

Adam: Pop go weasel.
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D I S C U S S I N G  P R O B L E M S  W I T H  E X P E R I M E N T S
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IO.I PI,AGET'S EXPERIMENTS

The psychologist Jean Piaget was one of the first to realize that watching children might be a
way to see how mind-societies grow. In one of his classic experiments, he showed a child two
matching sets of eggs and cups-and asked, "Are there more eggs or more egg cups?"

Most chlldren, young
or old, saf,

'They're the same."

Then he spread the eggs apart-before the child's eyes-and asked again if there were more
eggs or more egg cups.

Typlcal S-year-old:
"More eggs."

Typlcal 7-year-old:
"The same, because

they're the same eggs."

One might try to explain this by supposing that older children are better at counting. How-
ever, this can't explain another famous experiment of Piaget's, which began by showing three
jars, two filled with water. All the children agreed that the two short, wide jars contained equal
amounts of liquid. Then, before their eyes, he poured all the liquid from one of the short iars
into the tall, thin one and asked which jar had more liquid now.

Typlcal S-year-old:
"Mora ln the tall Jar."

Typlcal 7-year-otd:
"The same, because

It's the same water."

These experiments have been repeated in many ways and in many countries-and always
with the same results: each normal child eventually acquires an adult view of quantity-appar-
ently without adult help! The age at which this happens may vary, but the process itself seims
so universal that one cannot help suspecting that it reflects some fundamental aspect of the
mind's development. In the next few sections we'll examine the idea of "more" and show that
it conceals the workings of a large, complex Society-of-More-which takes many years to learn.
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IO.2 REASONING ABOUT AMOUNTS

cofl.S€r.vr'tion n. the principle that [something] is a
constant quantity, transformable in countless ways, but

neyer increased or diminished.
-W ebster's U nabridged Dictionary

What do those egg and water jar experiments say about our growth from infancy? Let's
consider several explanations.

QUANTfTY: Perhaps the younger children simply don't yet understand the basic
concept of quantity: that the amount of liquid remains the same.

In the next few sections I'll argue that we do not learn one single, underlying "concept of
quantity." Instead, each person must construct a multileveled agency, which we'll cali the
Society-of-More, that finds different ways to deal with quantities.

EXTENT: The younger children seem unduly influenced by the larger extent of
space taken up by the spread-out eggs and taller water column.

That cannot be the whole story because most adults, too, judge that there's more water in
the taller jar-if they merely see the final scene, without knowing from where the water was
poured! Here are a few other theories about the younger child's judgment:

REVERSIBILIW: The older children pay more attention to what they think re-
mains the same-while younger ones dre more concemed with what has changed.

CONFINEMENT: An older child knows that the amount of water stays the same.
if none wds eyer added or remoyed or lost or spilled.

LOGIC: Perhaps younger children have not yet learned to apqly the kinds of
reasoning that one would need to understand the concept of quantity.

Every one of these explanations has some truth in it, but none reach the heart of the issue.
It is clear that the older children know more about such matters and can do more complex
kinds of reasoning. But there is ample evidence that most younger children also possess enough
of the required abilities. For example, we can describe the experimeni without actually doing it
at all or we can perform it out of the child's sight, behind a cardboard screen. Then, when we
explai.n what is happening, quite a few of the younger children will say, "Of course they'll be the
sdme.

Then what is the difficulty? Evidently, the younger children possess the ideas they need but
don't know when to apply theml One might say that they lack adequate knowledge about their
knowledge, or that they have not acquired the checks and balances required to select or override
their hordes of agents with different perceptions and priorities. It is not enough to be able to
use many kinds of reasoning; one also must know which to use in different circumstances!
Learning is more than the mere accumulation of skills. Whatever we learn, there is always
more to learn-about how to use what was alreadv learned.
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IO.3 PRIORITIES

Let's try to explain the water jar experiment in terms of how a child's agencies deal with
comparisons. Suppose the child begins with only three agents:

Tall says, "The taller, the more." There's more inside a taller thing.
Tlrrn says, "The thinner, the less." There's less inside a thinner thing.
Confined says, "The sdme, because nothing was added or remoyed."

How do we know children have agents like these? We can be sure that younger children have
agencies llkeTaII andThin because they all can make these judgments:
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It is harder to know whether younger children have agents like Confined, but many of them
can indeed explain that something remains the same when one pours a liquid back and forth.
In any case, there is a conflict because the three agents give three different answers-more,
/ess, and same! What could be done to settle this? The simplest theory is that the younger
children have placed their agents in some "order of priority. "

,i:filElri.
xtioREx

lf TALL is aroused, let it
decide. lf not, and THIN
is on,letTHlN decide.
ln any other case, let
CONF1NEDdxide.

Such a scheme can be extremely practical, since placing all the agents in order of priority
makes it easy to know which to use. For example, we often compare things by their extents-
by how far they reach in space. But why putTall ahead of Wide? People do indeed seem most
sensitive to vertical extents. We do not know whether this is built from the start into our brains,
but in any case, the bias is usually iustified because "more height" so frequently goes along with
other sorts of largenesses.

Who's "bigger"-you or your cousin? Stand back to backt
Who's the strongest? Those adults looming way above!
How to divide a liquid into equal portions? Match the levels!

No other agent seems so good as Tall for making everyday comparisons. Still, no priority-
scheme will always work. In the situation of the water jar experiment, Confined ought io .o*.
first,-but the younger child's priorities lead to making the wrong judgment. One might wonder,
incidentally, whether Tall and Short, or Wide and Thin, should be considered to Le differeni
agents. Logically, just one of each pair would suffice. But I doubt that in the brain it would
suffice to represent Short by the mere inactivity of Tatt. To adults these are "opposites," but
children do not work so logically. One child I knew insisted that knife was the oppbsite of fork,
but that fork was the opposite of spoon. Water was the opposite of milk. As for ihe opposite of
opposite, that child considered this to be too foolish to discuss.

trl0.HE

P A P E R T ' S  P R I N C I P L E



IO.4 PAPERT'S PRINCIPTE

What should one do when different kinds of knowledge don't agree? It sometimes helps to
place them in some order of priority, but as we've seen, that can still lead to mistakes. How can
we make our system sensitive to different circumstances? The secret is to use the principle of
noncompromise and look for help from other agencies! For help with comparing quantities,
we'll need to add new "administrative agents" to our Society-of-More.

MORE

TALL THIN CONFINED

MORE

I
::::::.:.:.:.iiii:.:':,:::i:::.::iijij:f :::::i::.:::::

TALL THIN CONFINED

New
lnner
I-ayer

"MORE' "LESS', "SAME' ,,IICRF" "LESS" "SAME'

Early Soclety Later Soclety

The new Appearance administrator is designed to say "more" when the agentTall is active,
to say "less" when the agent Thin is active, and to say nothing at all when something appears
both taller and thinner. Then the other new administrator, History, makes the decision on the
basis of whatConfined says.

This explanation of the difference between the older and younger children was first proposed
by Seymour Papert in the 1960s, when we first started to explore society of mind ideas. Most
previous theories had tried to explain Piaget's experiments by suggesting that children develop
different kinds of reasoning as time goes by. That certainly is true, but the importance of
Papert's conception is in emphasizing not merely the ingredients of reasoning, but how they're
organized: a mind cannot really grow very much merely by accumulating knowledge. It must
also develop better ways to use what it already knows. That principle deserves a name.

Papert's Principle: Some of the most crucial steps in mental growth are based not
simply on acquiring new skills, but on acquiring new administrative ways to use
what one already knows.

Our two new middle-level managers illustrate this idea: Appearance and History form a new,
intermediate layer that groups together certain sets of lower-level skills. The choice of agents
for those groups is absolutely critical. The system will work quite well if we group TalI andThin
together, so that Confined can take control when they conflict, But it would only make things
worse if we were to group Tall and Confined together! Then what decides which groups to
form? Papert's principle suggests that the processes which assemble agents into groups must
somehow exploit relationships among the skills of those agents. For example, because Tall and
Thin are more similar in character to one another than to Confined, it makes sense to group
them more closely together in the administrative hierarchy.
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IO.5 THE SOCIETY.OF-MORE

Think how many meanings "more" must have! We seem to use a different one for every sort
of thing we know.

More red. More loud. More swift. More old. More tall.
More soft. More cruel. More alive. More glad. More wealthy.

Each usage has a distinct sense, involving different agencies. How could all these ways to
make comparisons get grouped into just one society? Here's a Society-of-More a child might
use to deal with that egg cup problem.

APPEARANCE HISTORY

SPATIAL C O N F I N E D

SS ADD

This society has two main divisions. In its Appearance division, aSpatial subdivision considers
both the increased extent occupied by the spread-out eggs and also their thinned-out appear-
ance or reduced density. In the case of those spread-out eggs, these conflict-and the Spatial
agency withdraws. Then, if the child can count, Numerical decides; otherwise the Hisfory
division applies some agents that use memories of recent happenings. If some of the eggs were
rolled away, Confined would say that their amount is no longer the same; if the eggs were
merely moved around, Reversible would claim that their amount cannot have changed.

To solve the water jar problem, the Society-of-More would need other kinds of lower-level
agents:

MO

APPEARANCE HISTORY

SPATIAL OUANTI.
TATIVE

REVER. C O N F I N E D
S I B L

You might complain that even if we needed these hordes of lower-level agencies to make
comparisons, this system has too many middle-level managers. But those mountains of bureau-
cracy are more than worth their cost. Each higher-level agent embodies a form of "higher-
order" knowledge that helps us organize ourselves by telling us when and how to use the thinss
we know. Without a many layered management, we couldn't use the knowledee in our loi-
level agencies; they'd all keep getting in one another's way.

NUMER.
ICAL

REVER.
S I B L E

MORE
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10.6 ASOTIT PI.AGET'S EXPERIMENTS

Although Piaget's experiments about conservation of quantity have been confirmed as thor-
oughly as any in psychology, we can appreciate why many people are skeptical when they first
hear of these discoveries. They contradict the traditional assumption that children are much
like adults, except more ignorant. How strange it is that in all the centuries of history, these
phenomena went unnoticed until Piaget-as though no one had ever watched a child carefully!
But it has always been that way with science. Why did it take so long for our thinkers to discover
such simple ideas as Isaac Newton's laws of motion or Darwin's idea of natural selection? Here
are some frequent challenges.

Parent: Couldn't it be that younger children use words in ways that do not mean
the same things to adults? Perhaps they simply take "Which is more?" to medn
"Which is higher?" or "Which is longer?"

Careful experiments show that this can't be entirely a matter of words. We can offer the same
choices, wordlessly, yet most younger children will stil l reach out for taller, thinner jars of
orange juice or stretched-out rows of candy eggs.

Critic: What happens when Appearance and History confl.ict? Won't that paralyze
y our whole Society -of-More?

It would indeed-unless More has yet other levels and alternatives. And adults have other
kinds of explanations*like "magic," "evaporation," or "theft." But indeed, stage magicians find
that making things disappear does not entertain the youngest children; presumably they are too
used to encountering the unexplainable. What happens when Mora cannot decide what to do?
That depends upon the states of other agencies-including those involved in dealing with
frustration, restlessness, and boredom.

Psychologist: We've heard of recent eyidence that, despite what Piaget said, very
young children do haye concepts of quantity; many of them cdn even count those
eggs. Doesn't that refute some of Piaget's discoveries?

Not necessarily. Consider that no one disputes the outcomes of those jar and cup experi-
ments. What is the significance, then, of evidence that the young children do possess methods

that could give correct answers-and yet they do not use those abilities? As far as I can see,

such evidence would only further support the need for explanations like those of Papert and
Piaget.

Biologist: Your theory might explain how some children could acquire those con-
cepts about quantities-but it doesn't explain why all children end up with such
similar abilities! Could we be born with built-in genes that make brains do this

automatically?

This is a profound question. It is hard-but not impossible-to imagine how genes could

directly influence the higher-level ideas and conceptions that we eventually learn. We'll discuss
this in the appendix at the end of this book.
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IO.7 THE CONCEPT OF CONCEPT

In learning their Societies-of-More, children learn various skills for comparing different
qualities and quantities, like number and extent. It is tempting to try to summarize all that by
saying that the children are learning something; we could call it the concept of quantity. B:ut
why do we feel we have to think of what we learn as things or concepts? Why must we "thing-
ify" everything?

What is a thing? No one doubts that a child's building-block is a thing. But is a child's love
for its mother also a "thing"? We're imprisoned by our poverty of words because even though
we have good ways to describe objects and actions, we lack methods for describing dispositions
and processes. We can scarcely speak of what minds do except as though they were filled with
things that one could see or touch; that's why we cling to terms like "concepts" and "ideas." I
don't mean to say that this is always bad, for "thing-ifying" is indeed a splendid mental instru-
ment. But for our present purpose, it is disastrous to assume that our minds contain some
single "concept of quantity." At different times, a word like "more" can mean many different
kinds of things. Think about each of these expressions.

More colorful. More loud. More swift. More valuable, More complicated.

We speak as though these were similar, yet each of them involves a different, hard-earned
web of ways to think! The phrase "more loud" might seem at first to be merely a matter of
magnitude. But consider how the sound of a distant gong seems louder than a whisper near the
ear-no matter that its actual intensity is less. Your reaction to what you hear depends not only
on its physical intensity, but also on what your agencies conclude about the character of its
source. Thus you can usually tell whether a gong is loud but distant, rather than soft but close,
by unconsciously making assumptions about the origin of that sound. And all those other kinds
of "more" engage equally subtle sorts of expertise.

Instead of assuming that our children come to crystallize a single "concept of quantity," we
must try to discover how our children accumulate and classify their many methods for compar-
ing things. How do agents like TalI, Thin, Short, andWide get formed into subagencies? To an
adult, it seems natural to associate both being taller and being wider with being larger. But what
prevents the child from inventing senseless "concepts" such as "being Creen and Tall and
having recently been touched"? No child has the time to generate and test all possible combina-
tions to find which ones are sensible. Life is too short to do that many bad experiments! The
secret is: always try to combine related agents first.Tall,Thin,Short, andWide are all closely
related, because they are all concerned with making comparisons between spatial qualities. In
fact, they probably involve agencies that are close to one another in the brain and share so
many agents in common that they'll naturally seem similar.
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IO.8 EDUCATION AI{D DEVETOPMENT

Parent: lf those younger children take so long to acquire concepts like consenation
of quantity, cdn't we help speed up their growth by teaching such things earlier?

Such lessons iust don't seem to work very well. Given enough explanation and encourage-
ment, and enough drill and practice, we can make children appear to understand-yet even
then they don't often apply what they've "learned" to reallife situations. Thus it seems that
even when we lead them along these paths, they remain unable to use much of what we show
to them until they develop inner signposts of their own.

Here's my guess about what goes wrong. Presumably the child senses that the spaced-out
eggs are "more" because they stretch across a longer span. Eventually, we want that sense of
greater length to be canceled out by the sense that there's more empty space between the eggs.
In the more mature Papert hierarchy, this would happen automatically-but for now, the child
could learn this only as a special, isolated rule. Many other problems could also be solved by
making special rules for them. But to "simulate" that multilayer society, complete with middle-
level agents llke Appedrdnce and History, would involve so many special rules, and so many
exceptions to them, that the younger child would be unable to manage so much complexity.
The result is that educational programs allegedly designed "according to Piaget" often appear
to succeed from one moment to the next, but the structures that result from this are so fragile
and specialized that children can apply them only to contexts almost exactly like those in which
they were learned.

All this reminds me of a visit to my home from my friend Gilbert Voyat, who was then a
student of Papert and Piaget and later became a distinguished child psychologist. On meeting
our five-year-old twins, his eyes sparkled, and he quickly improvised some experiments in the
kitchen. Gilbert engaged fulie first, planning to ask her about whether a potato would balance
best on one, two, three, or four toothpicks. First, in order to assess her general development,
he began by performing the water jar experiment. The conversation went like this:

Gilbert: "Is there more water in this iar or in that iar?"
|ulie: "If looks like there's more in that one. But you should ask my brother, Henry.

He has consemation already."

Gilbert paled and fled. I always wondered what Henry would have said. In any case, this
anecdote illustrates how a young child may possess many of the ingredients of perception,
knowledge, and ability needed for this kind of judgment-yet still not have suitably organized
those components.

Parent: Why are all the agents in your societies so competitive? They're always
attacking each other. Instead of making Tall and Thin cancel each other out, why
can't they cooperate?

The first part of this book has given this impression because we had to begin with relatively
simple mechanisms. It is fairly easy to resolve conflicts by switching among alternatives. It is
much harder to develop mechanisms that can use cooperation and compromise-because that
requires more complex ways for agencies to interact. In later sections of this book we'll see how
higher-level systems could make more reasonable negotiations and compromises.
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IO.9 I.,EARNING A HIERARCI{Y

How could a brain continue functioning while changing and adding new agents and connec-
tions? One way would be to keep each old system unchanged while building a new version in
the form of a detour around or across it-but not permitting the new version to assume control
until we're sure that it can also perform the older system's vital functions. Then we can cut
some of the older connections.

We could use this method to form our hierarchical Societv-of-More:

EXTENT

DENSITY

ADD

REiIOVE

INITIAL REACTIONS
LEARNED

INITIAL

LEARNED REACTIONS

INITIAL -I REACTIONS

MORE

Now let's draw this in another form,
between the older ones.

as though there were no room to fit new agents in

MORE

As we accumulate more lowlevel agents and additional intermediate layers to manage them,
this grows into the very multilevel hierarchy we've seen before.

APPEARANCE HISTORY

SPATIAL NUMER. REVER.
CONFINEDAL S I B L E

REMOVE

The nerve cells in an animal's brain can't always move aside to make more room for extra
ones. So those new layers might indeed have to be located elsewhere, attached by bundles of
connection wires. lndeed, no aspect of the brain's anatomy is more striking than its huge masses
of connection bundles.

PATIAL
C O N F I N E D

SPATIAL
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THE SHAPE OT
SPACE

"A day of dappled seaborne clouds." The phrase and the day and
the scene harmonized in a chord. Words. Was it their colours?

He allowed them to glow and fade, hue after hue; sunrise gold,
the russet and green of apple orchards, dzurcs of waws, the

greyfringed fleece of clouds. No, it was not their colours; it was
the poise and balance of the period itself. Did he then love the
rhythmic rise and fall of words better than their associations of
legend and colour? Or was it that, being as weak of sight as he

was shy of mind, he drew less pleasure from the reflection of the
glowing sensible world through the prism of a language

manycoloured and richly storied than from the contemplation
of an inner world of individual emotions mirrored perfectly in a

lucid supple periodic prose?
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I I.I SEEING RED

What possible kind of brain-event could correspond to anything like the meaning of an
ordinary word? When you say "red," your vocal cords obey commands from "pronouncing
agents" in your brain, which make your chest and larynx muscles move to produce that special
sound. These agents must in turn receive commands from somewhere else, where other agents
respond to signals from yet other places. All those "places" must comprise the parts of some
society of mental agencies.

It's easy to design a machine to tell when there is something red: start with sensors that
respond to different hues of light, and connect the ones most sensitive to red to a central "red-

agent," making corrections for the color of the lighting of the scene. We could make this
machine appear to "speak" by linking each color-agent to a device that pronounces the corre-
sponding word. Then this machine could name the colors i[ "5ss5"-4nd even distinguish more
hues than ordinary people can. But it would be a travesty to call this "sight," since it's nothing
but a catalog that lists a lot of colored dots. It would share no human notion of what colors
come to mean to us, because without some sense of texture, form, and very much more, it
would have few of the qualities of our human kinds of irnages and thoughts.

Thls ls not meant to portray the gtructure of any partlcular
soclety but only to suggest the varlety ol agencles Involved.

Of course no little diagram can capture more than a fragment of any real person's thoughts
about the world. But this should not be taken to mean that no machine could ever have the
range of sensibilities that people have. It merely means that we aren't simple machines; indeed,
we should understand that in learning to comprehend the qualities of vast machines, we are
still in the dark ages. And in any case, a diagram can only illustrate a principle: there cannot be
any compact way to represent all the details of full-grown mind-society. To talk about such
complex things, we can only resort to language tricks that make our listeners'minds explore
the worlds inside themselves.

SEEING

T H E  S H A P E  O F  S P A C E



II.2 THE SIIAPE OF SPACE

-The brain is imprisoned inside the skull, a silent, dark, and motionless place; how can it learn
what it's like outside? The surface of the brain itself has not the slightesf r.rr. of touch; it has
no skin with which to feel; it is only connected to skin. Nor can a briin see, for it has no eyes; it
only is connected to eyes. The only paths from the world to the brain are bundles of nerues like
those that come in from the eyes, ears, and skin. How do the signals that come through those
nerves give rise to our sense of "being in" the outside world? The answer is that this sinse is a
complicated illusion. We never actually make any direct contact with the outside world. In-
stead, we work with models of the world that we build inside our brains. The next few sections
try to sketch how that could come about.

The surface of the skin contains countless little touch-sensing agents, and the retina of the
eye includes a million tiny light detectors. Scientists know a good deal about how these sensors
send signals to the brain. But we know much less about how those signals lead to sensations of
touch and of sight. Try this simple experiment:

Touch your ear.

What did that feel like? It seems impossible to answer that because there's scarcely anything
to say. Now try a different experiment:

Touch your ear twice, in two different places, and also touch your nose.

Which two touches feel most similar? That question seems much easier to answer: one might
say that the two ear touches feel more similar. Evidently, there is scarcely anything that one
can say about a "single sensation" by itself, but we can often say much more when we can
make comparisons.

Consider the analogy to how mathematics treats a "perfect point." We shouldn't
speak about its shape; it simply doesn't haye a shape! But since we're used to things
as having shapes, we cdn't help thinking of points as round, Iike "very tiny little
dots." Similarly, we're not supposed to talk about the size of a point-since math-
ematical points, by definition, have no size. Still, we can scarcely help but think,
in any cdse, "they're yery small."

In fact, there's absolutely nothing to be said about a single point, except how it relates to
other points. This is not because such things are too complicated to explain, but because they
are too simple to explain. One cannot even speak about where a point is, by itself-since
"where" has meaning only in relation to other points in space. But once we know some palrs of
points, we can relate these to the lines that connect them, and then we can define new,
different points where various pairs of lines may intersect. Repeating this can generate entire
worlds of geometry. Once we understand the terrifying fact that points are nothing by them-
selves but exist only in relation to other points, then we can ask, ai Einstein did, whether time
and space are anything more than vast societies of nearnesses.

In the same way, there is little that one could say about any "single [61s["-e1 about what
any single sense-detecting agent does. However, there is much more to be said about the
relations between two or more skin touches, because the closer together two skin spots are, the
more frequently they'll both be touched at the same time.
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I I.3 NEARNESSES

The reason our skin can feel is because we're built with myriad nerves that run from every
skin spot to the brain. In general, each pair of nearby places on the skin is wired to nearby
places in the brain. This is because those nerves tend to run in bundles of parallel fibers-more
or less like this:

Sensorc in skin.

Ncrve'bundles.

Splnal-cord agents.
Nerve-bundles.

Agents for repairing
minor disorderings.

Nerve-bundles to
othar brain-ccnters.

Representations of
body-surface regions.

Each sensory experience involves the activity of many different sensors. In general, the
greater the extent to which two stimuli arouse the same sensors, the more nearly alike will be
the partial mental states those stimuli produce-and the more similar those stimuli will "seem,"
simply because they'll tend to lead to similar mental consequences.

Other things being equal, the apparent similarity of two stimuli will depend on
the extent to which they lead to similar activities in other agencies.

The fact that the nerves from skin to brain tend to run in parallel bundles means that
stimulating nearby spots of skin will usually lead to rather similar activities inside the brain. In
the next section we'll see how this could enable an agency inside the brain to discover the
spatial layout of the skin. For example, as you move a finger along your skin, new nerve endings
are stimulated-and it is safe to assume that the new arrivals represent spots of skin along the
advancing edge of your finger.

Given enough such information, a suitably designed agency could assemble a sort of map to
represent which spots are close together on the skin. Because there are many irregularities in
the nerve-bundle pathways from skin to brain, the agencies that construct those maps must be
able to "tidy things up." For example, the mapping agency must learn to correct the sort of
crossing-over shown in the diagram. But that is only the beginning of the task. For a child,
learning about the spatial world beyond the skin is a journey that stretches over many years.
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I I.4 INNATE GEOGRIPHY

We've seen that touching nearby spots of skin will usually give rise to similar sensations: this
is because the corresponding nerves run in parallel courses and thus cause similar activities
inside the brain. The reverse is also usually true: the more similar two sensations are, the closer
their origins in the skin. This has an important consequence:

The neme pathways that presene the physical nearness relations of our skin-sensors
can make it easy for inner agencies to discover conesponding nedrnesses about the
outer world of space.

Moving your hand across an object tells you something about that object's shape. Imagine
what must happen when a very young infant moves its hand across some obiect: each 

"ontir,r-ous motion produces a sequence of skin-sensor signals. Over time, various mapping agents can
first use this information to learn, simply, which skin spots are nearest one another. Later,
further layers of mapping agents could learn which skin spots lie between which others; this
should be easy, too, because most small-scale motions tend to go in nearly straight lines. But
then, since space itself is just a society of nearness relations between places, this is all the
information we need to "reconstruct" the spatial structure of the skin. All this is in accord with
a basic principle of mathematics:

Suppose you werc lost in some unknown space-and could only tell which pairs of
points were close to one another. That would be enough for you to figure a great
deal about the space. From that dlone, you could deduce if you were in a world of
two dimensions or three. You could tell where there were obstacles and boundaries,
holes and tunnels and bridges, and so on. You could figure out the globat layout of
that world from iust those local bits of information about nearnesses.

It is a wonderful fact that, in principle, one can deduce the global geography of a space from
nothing more than hints about which pairs of points lie near one anotherl But it is another
matter to actually make such maps, and no one yet knows how the brain does this. To design a
machine to accomplish such tasks, one could begin with a layer of "correlation agents," one for
each tiny patch of skin, each engineered to detect which other skin spots are most often aroused
at nearly the same times; those will then be mapped as the nearest ones. A second layer of
similar agents could then begin to make maps of larger regions, and several such layers would
eventually assemble a sequence of maps on various scales, for representing several levels of
detail.

If brains do something of this sort, it might illuminate a problem that has troubled some
philosophers: "Why do we all ogree on what the outer world of space is like?" Why don't different
people interpret space in different, alien ways? In principle it is mathematically possible for
each person to conclude, for example, that the world is three-dimensional-rather than two-
or four-dimensional-just from enough experience with nearby pairs of points. However, if the
wires from the skin to the brain were shuffled and scrambled around too much, we would
probably never get them straightened out because the actual calculations for doing such things
would be beyond our capabilities.
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1 I.5 SENSING SIMII.ARITIES

This difficulty lof making definitionsl is increased by the necessity

of explaining the words in the same language, for there is often

only o,ru ,ord 1o, one idea; and though it may be easy to translate

wo,rds like bright, sweet, salt, bitter, into another language, it is

not easY to exPlain them-
- S , q r r , l u B t -  | o H N s o t t

Our ways to think depend in part on how we're raised. But at the start, much more depends

upon the wiring in o.ri brains. How do those microscopic features work to influence what

happens in our mental worlds? The answer is, our thoughts are largely shaped by which things

seii *ost similar. Which colors seem the most alike? Which forms and shapes, which smells

and tastes, which timbres, pitches, pains and aches, which feelings and sensations seem most

similar? Such judgments have a huge effect at every stage of mental growth-since what we

Iearn depends on how we classifY.
For example, a child who classified each fire just by the color of its light might learn to be

afraid of eu.ryihing of orange hue. Then we'd complain that the child had "generalized" too

much. But if that .tita 
"U.rified 

each flame, instead, by features that were never twice the

same, that child would often be burned-and we'd complain that it hadn't generalized enough'

Our genes supply our bodies with many kinds of sensors-external event-detecting agents-

each oiwhich sends signals to the nervous system when it detects certain physical conditions.

We have sensory-agents in our eyes, ears, nose, and mouth that discern light, sound, odors,

and tastes; we have agents in the skin that sense pressure, touch, vibration, heat, and cold; we

have internal agents [h"t ,.nse tensions in our muscles, tendons, and ligaments; and we have

many other sensors of which we're normally unaware, such as those that detect the direction

of gravity and sense the amounts of various chemicals in different parts of the body.

fhe agents that sense the colors of light in human eyes are much more complex than the

"redrress agents" of our toy machine. But this is not the reason that simple machine can't grasp

what Rediess means to us-for neither can the sense detectors in our human eyes. For just as

there is nothing to say about a single point, there's nothing to be said about an isolated sensory

signal. When iur Redness, Touch, or Toothache agents send their signais to our brains, each by

itlelf can only say, "I'm here." The rest of what such signals "mean" to us depends on how

they're linked to all our other agencies'
In other words, the "qualities" of signals sent to brains depend only on relationships-the

same as with the shapeless points of space. This is the problem Dr. |ohnson faced when creating

definitions for his dictionary: each separate word like "bitter," "bright," "salt," or "sweet" at-

tempts to speak about a quality of a sensory signal. But all that a separate signal can do is

announce its own activity-perhaps with some expression of intensity. Your foofh can't ache

(it can only send signals); only you can ache, once your higherJevel agencies interpret those

iignals. Beyond the raw distinctiveness of every separate stimulus, all other aspects of its char-

"Jt., 
o, quality-be it of touch, taste, sound, or light-depend entirely on its relationships with

the other agents of your mind.
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I I.6 THE CENTERED SETF

How do we learn about the real, three-dimensional world? We've seen how certain agencies
might map the layout of the skin. But how could we progress from that to learn about thi world
of space beyond the skin? One might ask why infants can't simply "look around" to see what's
really going on. Unfortunately, the easy-sounding phrase "simply look" conceals too many hard
problems. When you look at an object, some light from it shines into your eye and stimulates
some sensors there. However, every motion of your body, head, or eye makes drastic changes
to the image in your eye. How can we extract any useful information when everything changes
so rapidly? Although it should be possible, in principle, to design a machine that could even-
tually learn to relate those motions to the resulting changes in the images, this would surely
take a long time, and it appears that our brains have evolved with special mechanisms that help
us compensate for motions of the body, head, and eye. This makes it easier for other agencies
to learn to use visual information. Later we'll discuss some other realms of thought in which
we use analogies and metaphors to change our "points of view." Perhaps those wonderful
abilities evolved in similar ways, since recognizing that an object is the same when seen from
different views is not so different from being able to "imagine" things that are not in view at all.

In any case, we really do not understand how the child learns to understand space. Perhaps
we start by doing many small experiments that lead to our first, crude maps of the skin. Next
we might start to correlate these with the motions of our eyes and limbs; two different actions
that lead to similar sensations are likely to have passed through the same locations in space. A
critical step would be developing some agents that "represent" a few "places" outside the skin.
Once those places are established (the first ones might be near the infant's face), one could
proceed to another stage: the assembly of an agency that represents a network of relationships,
trajectories, and directions between those places. Once this is accomplished, the network could
continue to extend to include new places and relationships.

However, this would be only the beginning. Long ago, psychologists like Freud and Piaget
observed that children seem to recapitulate the history of astronomy: first they imagine the
world as centered around themselves-and only later do they start to view themselves as
moving within a stationary universe, in which the body is just like any other object. It takes
several years to reach that stage, and even in their adolescent years, children are still improving
their abilities to envision how things appear from other viewpoints.
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II.7 PREDESTINED I.EARNING

It would be wonderful if we could classify all behavior into two types: "built-in" and "ledrned."
But there simply is no clear-cut boundary between heredity and environment. Later, I'll de-
scribe an agency that is sure to learn one particular thing: to recognize human beings. But if
such an agency is destined to end up with a certain particular behavior, is it reasonable to say
that it learns? Since this type of activity appears to have no common name, we'll call it "predes-
tined learning. "

Every child eventually learns to reach for food. To be sure, each different child lives through
a different history of "reaching-act" experiences. Nevertheless, according to our theory of
"nearness models of space," all those children will end up with generally similar results because
that outcome is constrained by the nearness relations of real-world space. Why make the brain
use a tedious learning process when the 6nal outcome seems so clear? Why not build in the
answer genetically? One reason could be that learning is more economical. It would require an
enormous store of genetic information to force each separate nerve cell to make precisely the
right connections, whereas it would require much less information to specify the construction
of a learning machine designed to unscramble whatever irregularities result from a less con-
strained design.

This is why it isn't sensible to ask, "Is the child's conception of space acquired or inherited?"
We acquire our conceptions of space by using agencies that learn in accord with processes
determined by inheritance. These agencies proceed to learn from experience-but the out-
comes of their learning processes are virtually predestined by the spatial geometry of our body
parts. This kind of mixture of adaptation and predestination is quite common in biology, not
only in the brain's development but in that of the rest of the body as well. How, for example,
do our genes control the shapes and sizes of our bones? They may begin with some relatively
precise specification of the types and location of certain early cells. But that alone would not be
adequate for animals that themselves have to adapt to different conditions; therefore those early
cells must themselves be programmed to adapt to the various chemical and mechanical influ-
ences that may later be imposed on them. Such systems are essential for our development,
since our organs must become able to perform various tightly constrained activities, yet also be
able to adapt to changing circumstances.

Perhaps the growth of the Society-of-More is another instance of predestined learning, for it
seems to develop in every normal child without much outside help. It seems clear that this
complex agency is not built directly by inborn genes; instead, we each discover our own ways
to represent comparisons-yet we all arrive at much the same final outcome. Presumably,
genetic hints must help with this by supplying new layers of agents at roughly the right times
and places.
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I I.8 IIALF-BRAINS

Let's do one more experiment: touch one ear and then touch your nose. They don't feel very
similar. Now touch one ear and then the other. These touches seem more similar, although
they're twice as far apart. This may be in part because they are represented in related agenciJs.
In fact, our brains have many pairs of agencies, arranged like mirror-images, with huge Lundles
of nerves running between them.

LEFT
SKlll-sElttsoFs BIGHT

SKIN.SENSOFS

The two hemispheres of the brain look so alike that they were long assumed to be identical.
Then it was found that after those cross-connections are destroyed, usually only the left brain
can recognize or speak words, and only the right brain can draw pictures. More recently, when
modern methods found other differences between those sides, it seems to me that some psy-
chologists went mad-and tried to match those differences to every mentalistic two-part theory
that ever was conceived. Our culture soon became entranced by this revival of an bld idea in
modern guise: that our minds are meeting grounds for pairs of antiprinciples. On one side
stands the Logical, across from Analogical. The left-side brain is Rational; the right side is
Emotional. No wonder so many seized upon this pseudoscientific scheme: it gave new life to
nearly every dead idea of how to cleave the mental world into two halves as nicely as a peach.

What's wrong with this is that each brain has many parts, not only two. And though there
are many differences, we also ought to ask about why those left-right brain halves are actually
so similar. What functions might this serve? For one thing, we know that when a major brain
area is damaged in a young person, the mirror region can sometimes take over its function.
Probably even when there is no injury, an agency that has consumed all the space available in
its neighborhood can expand into the mirror region across the way. Another theory: a pair of
mirrored agencies could be useful for making comparisons and for recognizing differences,
since if one side could make a copy of its state on the other side then, after doing some work, it
could compare those initial and final states to see what progress had been made.

My own theory of what happens when the cross-connections between those brain halves are
destroyed is that, in early life, we start with mostly similar agencies on either side. Later, as we
grow more complex, a combination of genetic and circumstantial effects lead one of each pair
to take control of both. Otherwise, we might become paralyzed by conflicts, because many
agents would have to serve two masters. Eventually, the adult managers for many skills would
tend to develop on the side of the brain most concerned with language because those agencies
connect to an unusually large number of other agencies. The less dominant side of the brain
will continue to develop, but with fewer administrative functions-and end up with more of
our lower-level skills, but with less involvement in plans and higherJevel goals that engage
many agencies at once. Then if, by accident, that brain half is abandoned to itself, it will seem
more childish and less mature because it lags so far behind in administrative growth.
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1 I.9 DUMBBEI..I THEORIES

This fascination with left-right halves, on the part of both the lay and scientific popula-ce' is

nothing really new. ii ir ^ rvrrptom of how we acquire various pairs of words that each divide

,o-. 
"ip."t 

of the world into opposing poles'

Such divisions all have flaws but often give us useful ways to think. Dividing things in two is

a good way to start, but one should al*ayi try to find at least.a third alternative. If one cannot,

one should suspect that there may not be two ideas at all, but only one, toge-ther with some

f"r* of .pposite. A *riorls problem with these two-part forms is that so many of them are quite

;i;ii";, *t i"ft 1."d, ,tt ittto making false analogiei. Consider how the pairs below' in which

"r"tr 
,.f is split in two, lead everyone to think they share some common unity'

ACQUIRED INNATE
CHANCECAUSE

FALSE
CHILD ADULT

DEAD

THOUGHT FEELING
INTUITIONLOGIC

LITERAL ANALOGICAL
REASON EMOTION
DELIBERATE SPONTANEOUS
SCIENTIFIC ARTISTIC

QUALITYQUANTITY

The items on the left are seen as neutrally objective and mechanical and only found within

the head. We think of Thought and its associates as accurate, but rigid and insensitive' The

ii"-, o' the right are seen ai matters of the heart-as vital, warm, and individual; we like to

believe that FeEhng is the better judge of the things that ought to matter most. Cool Reason,

UV ltr.ff, seems too"impersonal, too iar from flesh; Emotion lies much closer to the heart, but

t,, ,*; be treacheious when it grows so intense that reason gets completely overwhelmed.'How 
marvelous this metaphor! How could it work so well, unless it had some basic truth?

But wait: whenever a.ry simple idea appears to explain so many things, we must suspect a trick.

Before we're drawn irrio dumbbell ,.h.-.t, we owe it to ourselves to try to understand their

strange attractiveness, in order that we not be deceived, as Wordsworth said, by

. . some false secondary power, by which,
ln weakness, we create distinctions, then
Deem that our puny boundaries are things
Which we perceive, and not which we have made'
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cnAPrER 12

TEARNING
MEANING

How many times in the course of my life had I been
disappointed by reality because, at the time I was obsemine it.

my imagination, the only orgdn with which I could eniiv
beauty, was not able to function, by virtue of the inexorable law
which decrees that only that which is absent can be imagined.

-MeRCEL  Pnous r



I2.T A BTOCK.ARCH SCENARIO

Our child, playing with some blocks and a toy car, happens to build this structure. Let's call

1t aBlock-Arch.

Two standing block and a lying block.

Block-Arch seems to cause a strange new phenomenon: when you push the car through it,
your arm gets trapped! Then, in order to complete that action, you must release the car-and
ieach around to the other side of the arch, perhaps by changing hands. The child becomes
interested in this "Hand-Change" phenomenon and wonders how Block-Arch causes it' Soon
the child finds another structure that seems similar-except that Hand-Change disappears
because you can't even push the car through it. Yet both structures fit the same description!

Two standing blocks and a lying block.

But if Block-Arch causes Hand-Change, then this can't be a block-arch. So the child must
find some way to change the mental description of Block-Arch so it won't apply to this. What is
the difference between them? Perhaps this is because those standing blocks now touch one
another, when they didn't touch before. We could adapt to this by changing our description of
Block-Arch: "There must be two standing blocks and a lying block. The standing blocks must not
touch." But even this does not suffice, because the child soon finds yet another structure that
matches this description. Here, too, the Hand-Change phenomenon has disappeared; now you
can push the car through it without letting go!

Two standing bloclcs and a lying block.
The standing blocks must not touch.
They must support the lying block.

Again we must change our description to keep this from being considered a Block-Arch.

Finally the child discovers another variation that does produce Hand-Change:

Two standing blocks and something else.
me sbnding bloclcs must not touch.
They must supportthe other thing.
The other thing may be A WEDGE OR A BLOCK.

Our child has constructed for itself a useful conception of an arch, based entirely upon
own experience.
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12,2 TEARMNG MEANING

What is learning, anyway? That word is certainly hard to define. The child in our Block-Arch
scenario has found one way to learn one sense of what some adults mean by "arch." But we
can't assume that the same kinds of processes are involved when we learn to recite a poem, to
use a spoon, and to tie a shoe. What happens when a person learns to read, learns to add
numbers, learns a new language, learns to anticipate the dispositions of a friend, or learns to
build a tower that will stand? If we tried to find a single definition for "learning" to span so many
kinds of processes, we'd end up with some phrase too broad to have rnuch uJe-like this:

"Led.rning" is making useful ehanges in the workings of our minds.

The problem is that we use the single word "learning" to cover too diverse a society of ideas.
Such a word can be useful in the title of a book, or in the name of an institution. But when it
comes to studying the subiect itself, we need more distinctive terms for important, different
ways to learn. Even that one Block-Arcft scene reveals at least four different wavs to learn. We'll
give them these new names:

Uniframing combining several descriptions into one, for example, by observ-
ing that all the arches have certain common parts.

Accumulating collecting incompatible descriptions, for example, by forming the
phrase "block or wedge."

Reformulating modifying a description's character, for example, by describing
the separate blocks rather than the overall shape.

Trans-framing bridging between structures and functions or actions, for exam-
ple, by relating the concept of arch to the act of changing
hands.

These words will be explained in the sections that follow. It seems to me that the older words
used in psychology-such as generalizing, practicing, conditioning, memorizing, or associating
-are either too vague to be useful or have become connected to theories that simply 

"r".rttsound. In the meantime, the revolutions of computer science and Artificial Intelligence have
led to new ideas about how various kinds of learning might work, and these new ideas deserve
new names.

Our Blocft-Arch scenario is based on a computer program developed by Patrick Winston in
1970. Winston's program required an external teacher to provide the examples and to say which
of them were arches and which were not. In my unprogrammed version of this, the teacher
has been replaced by the concern of some agency inside the child to account for the emergence
of that mysterious Hand-Change phenomenon: why do certain structures force you to let go of
the toy car, while other structures don't? We thus assume that the child is led to learn for itself
in order to account for strange events. One might complain that it only makes learning harder
to explain, to make it depend upon the child's curiosity. But if we are ever really to understand
how our minds grow, we must first face reality: people just don't learn so well unless they're
interested or concerned. The older theories of learning and remembering never got very far
because in trying to oversimplify, they lost essential aspects of the context. It wouldn't be much
use to have a theory in which knowledge is somehow stored away-without a corresponding
theory of how later to put that knowledge back to work.
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T2.3 UNIFRAMES

The child in our Block-Arch scene examined several different arrangements of blocks-yet

"r,a"j 
up describing them as all the same! The great accomplishment was in discovering how

to d"t"tib. all the different instances of arch with the selfsame phrase, "a top supported by two

standing blocks that do not touch." I'll use the new word "uniframe" for this-a description

corrst.rrlt.d to apply to several different things at once. How does a person make a uniframe?

Our child's giock-A,rch uniframe was constructed in several steps-and each step used a

different learning-scheme! The first step dissects the scene into blocks with specific properties

and relationships; some were "lying down" or "standing uP," and some were touching or sup-

porting other ones. Next, we required our uniframe to insist that the arch top musf be sup-

pott.iby the standing blocks: lei's call this enforcement. Then, we required our uniframe to

ieject structures in which the two standing blocks touch one another; we could call this preven-

tion: a way to keep from accepting an undesired situation. Finally, we required our uniframe

to be neuiral about the arch iop'r shap. in order to keep from making distinctions we don't

consider relevant. Let's call thattolerance.
How does a person know how to choose which features and relations to enfotce, prevent, or

tolerate? When we compared the two structures below, we enforced the relation that A is

supported by B and C. But think of all the other differences we could have emphasized instead.

A |sNoTSUPPORTCOEV B

NO BLOCKSTOUCH
A ncxror B
UNSYMMETRICAL
OISCONNECTED
THREE ON GROUND
G saETwEeN A AND B

ffiffim-
Was it wasteful to use only one of these facts when we could have used them all? Should we

learn to exploit all the information we can get? No! There are good reasons not to notice too

much, for every seemingly essential fact can generate a universe of useless, accidental, and

even misleading facts.

Most differences dre redundant. Most of the rest are accidents.

For example, suppose that we already know A is supported by B. There is then no need to

remember that A touches B or that A is above B-because these are things that we can figure

out. For a different kind of example, suppose we knew that A was nof supported bv B. It then

seems unnecessary to remember that "A was to the right of 8." Common sense can tell us that

if A is not on B, it must lie somewhere else. However, at least in the present context, it does

not matter whether that "somewhere else" is to the right; another time it might iust as likely lie

to the left. If we stored such details too recklessly, our minds would get cluttered up with useless

facts.
But how can we judge which facts are useful? On what basis can we decide which features are

essential and which are merely accidents? Such questions can't be answered as they stand. They

make no sense apart from how we want to use their answers. There is no single secret, magic

trick to learning; we simply have to learn a large society of different ways to learn!

A rssuppoRrro av B
A roucnes B
A neovE B
SYMMETRICAL
CONNECTED
TWOON GROUND
A seETv'/EeH B AI.IDC
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12.4 STRUCTT'RE AND FUNCTION

when the eye or the imagination is struck with anv uncommon
work, the next transition of an actiye mind is to the means bv

which it was performed.
- S n  M u e r -  J o s N s o N

Suppose an adult watched our child and said, "l see you've built an arch." What might the
child think this means? To learn new words or new ideas, one must make connections to other
structures in the mind. "l see you've built an arch" should make the child connect the word
"arch" to agencies embodying descriptions of both the Block-Arch and the Hand-Change phe-
nomena-since those are what is on the child's mind.

But one can't learn what something means merely by tying things to names. Each word-idea
must also be invested with some causes, actions, purposes, and explanations. Consider all the
things a word like "arch" must mean to any real child who understands how arches work and
how they're made, and all the ways one can use theml A real chitd will have noticed, too, that
arches are like variants of many other things experienced before, like "bridge without a road,"
"wall with door," "tablelike," or "shaped like an upside-down IJ." We can use such similarities
to help find other things to serve our purposes: to think of an arch as a passage, hole, or tunnel
could help someone concerned with a transportation problem; describing an arch as "top held
up by sides" could help a person get to something out of reach. Which kind of description
serves us best? That depends upon our purposes.

Among our most powerful ways of thinking are those that let us bring together things we've
learned in different contexts. But how can one think in two different ways at once? By building,
somewhere inside the mind, some arches of a different kind:

STRUCTURE

ARCH

APERTURES

ree{-7
COLUMNS

HOLE

FUNCTION

BRIDGE

PASSAGES

SUPPORTS'---\
\ DOOB

WINDOW

ETC.

Is that a foolish metaphor-to talk of building bridges between places in the mind? I'm sure
it's not an accident that we so often frame our thoughts in terms of familiar spatial forms. Much
of how we think in later life is based on what we learn in early life about the world of space.
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L2.5 THE FUNCTIONS OF STRUCT'TIRES

Many things that we regard as physical are actually psychological. To see why this is so, let's

try to say what we mean by "chair." At first it seems enough to say:

"A chair is a thing with legs and a back and seat."

But when we look more carefully at what we recognize as chairs, we find that many of them

do not fit this description because they don't divide into those separate parts. When all is done,

there's little we can find in common to all chairs-except for their intended use.

"A chair is something you cdn sit upon."

But that, too, seems inadequate: it makes it seem as though a chair were as insubstantial as a

wish. The solution is that we need to combine at least two different kinds of descriptions. On

one side, we need structural descriptions for recognizing chairs when we see them. On the

other side we need functional descriptions in order to know what we can do with chairs. We

can capture more of what we mean by interweaving both ideas. But it's not enough merely to

propose a vague association, because in order for it to have some use, we need more intimate

detiils about how those chair parts actually help a person to sit. To catch the proper meaning,

we need connections between parts of the chair structure and the requirements of the human

body that those parts are supposed to serve. Our network needs details like these:

STRUCTURE FUNCTION - o
+Chair-Bad< supports sille/s body. '+ 

Y
<-Chair-Seat supor,rts sittet's bdy. -+ 

-
+ Chair-Legs maintain seat height. "u J
+- Chair-Legs give room lor knees. +

Without such knowledge, we might just crawl under the chair or try to wear it on our head.

But with that knowledge we can do amazing things, like applying the concept of a chair to see

how we could sit on a box, even though it has no legs or back!

"{ 

No back to support body. 

"0, S[,)rli Top supports sitter's b

\!T Sides maintain seat height ' 
I 
' 

I
No room to bed knees.

Uniframes that include structures like this can be powerful. For example, such knowledge

about relations between structure, comfort, and posture could be used to understand when a

box could serve as a chair: that is, only when it is of suitable height for a person who does not
require a backrest or room to bend the knees. To be sure, such clever reasoning requires special
mental skills with which to redescribe or "reformulate" the descriptions of both box and chair
so that they "match" despite their differences. Until we learn to make old descriptions fit new
circumstances, our old knowledge can be applied only to the circumstances in which it was
learned. And that would scarcely ever work, since circumstances never repeat themselves
perfectly.
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12.6 ACCTTMTTI.ATION

Uniframing doesn't always work. We often try to make an everyday idea precise-but just
can't find much unity. Then, we can only accumulate collections of examples.

CHAIR TABLE SOFA BILL EULLION DEBT CREDIT

It certainly is hard to find any properties that all these share. Coins are hard and round and
flat. Bills are thin and flexible. Bullion has unusual weight, and credits aren't even physical. We
recognize them all as media of trade-but that won't help us recognize the things themselves.
The situation is the same for furniture. It's not so hard to say what furniture is for-"things that
equip a room for living in." But when it comes to the objects themselves, it's even hard to find
a uniframe for "chair." Again, its function-role seems slsss-"6 thing one can sit upon." The
problem is that one can sit on almost anything-a bench, a floor, a tabletop, a horse, a stack of
bricks, a rock. Even defining Arch has problems, since many things we recognize as arches just
don't match our Block-Arch uniframe:

MONEY

I
ffi

SINGLE LEANING STACK FIREPLACE

All these shapes could be described as "shape with hole" or "blocfts that bridge across d gdp."
But those descriptions would also admit many things we don't want to regard as arches. The
simplest way to learn, when one can't find a uniframe, is to accumulate descriptions of experi-
ences.

At first it may seem simpler to accumulate examples than to find more uniform ways to
represent them. But later there's a price to pay for this: when we try to redson about things,
accumulations can be nuisances-because then we'll be forced to find a different argument or
explanation to justify each separate example. Most likely, different parts of our brains have
evolved to use both kinds of strategies. Accumulations need not take longer to manipulate if all
the examples can be handled at the same time, by separate agents that don't interfere with one
another. But once those processes begin to need each other's help, the whole society's effi-
ciency will decline rapidly. Perhaps that slowing-down itself might be the stimulus that makes
us start to try to unify-at least for processes we use frequently.

A simpler theory of when we start new uniframes would be that in the brain, there is an
architectural constraint on how many Klines are directly accessible to various types of agents.
For example, the agents in a certain agency might be able to accumulate no more than about
seven branches for each classification in a certain hierarchy. When more than that accumulate,
the agency would be forced either to merge some examples into uniframes or to turn for help
from somewhere else.

FURNITURE

ARCH
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T2.7 ACCT'MTII.AITON STRATEGIES

Let's make a dumbbell theory of some people's personalities.

Uniframers disregard discrepancies in favor of imagined regularities. They tend to

be perfectionists but also tend to think in terms of stereotypes. This sometimes
lea'ds to recklessness because they have to reiect some evidence in order to make
their uniframes.

Accumulatorc (fie less extreme. They keep collecting eildence and hence are much
less prone to make mistakes. But then they're also slower to make discoveries.

Of course these imaginary personalities are only caricatures, and everyone blends both ex-

tremes. Most people find some reasonable compromise, though a few of us lean more in one

direction than the other. I'm sure we all use mixtures of different learning strategies-accu-
mulations of descriptions, KJines, uniframes, or whatever. On the surface, it might seem easier
to make accumulations than to make uniframes-but choosing what to accumulate may require
deeper insight.In any case, whenever an accumulation becomes too large and clumsy, we try
to replace io-. gronps of its members with a uniframe. But even when we succeed in finding
a suiiably compact uniframe, we can expect it, too, to accumulate exceptions eventually, since
first descriptions rarely work for all our later purposes.

For example, when a child first encounters dogs, an attempt might be made to create a

uniframe thit catalogs those animals'parts-eyes, ears, teeth, head, body, tail, legs, and so on.
But the child will eventually have to learn that even here there are exceptions.

Furthermore, that uniframe won't help answer the child's most urgent questions about any
one dog in particular: Is it friendly? Does it have a loud bark? Is it the kind that tends to bite?
Each such concern could require building a different kind of hierarchy-tree.

This leads to an inescapable difficulty. Our various motives and concerns are likely to require
incompatible ways to classify things. You can't predict a dog's bite from its bark. Each of the
classifications we build must embody different kinds of knowledge, and we can rarely use more
than a few of them at once. When we have a goal that is simple and clear, we may be able to
select one particular kind of description that makes the problem easy to solve. But when goals
of several types conflict, it is harder to know just what to do.
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12.8 PROBTEMS OF DISI'MTY

When should you accumulate, and when should you make uniframes? The choice depends
upon your purposes. Sometimes it is useful to regard things as similar because they have similar
forms, but sometimes it makes more sense to group together things with similai ,rrr. At one
moment you may wish to emphasize a similarity; at the next moment, you may want to empha-
size a distinction. Often, we have to use both uniframes and accumulations in combination. In
Block-Arch, for example, we found that there could be two different kinds of arch tops-the
block and the wedge. Accordingly, when we used the phrase "block or wedge," we actually
inserted a "subaccumulation" into our uniframe.

ARCH

/4\
4-/ r \

LEG

(Mustnottouch) 
ffi ffi

\ BLocK BLocK

YJ
Accumulations rarely seem quite satisfactory because we feel ideas should have more unity.

We wouldn't have a word for chair or arch or currency if they meant nothing more than lists of
unrelated things. If each did not involve some unifying thought, we'd never think to make
those lists in the first place! Why is it so hard to describe their essences? In the next few sections
we'll discover a number of reasons for this. Here is one of them:

Many good ideas are really two ideas in one-which form a bridge between two
realms of thought or different points of view.

Whenever we build a bridge between structure and function, one end of that bridge may
represent a goal or use, while the other end describes what we might use to gain those ends.
But it is rare for those structures to correspond neatly to those functions. The problem is that
we usually find many different ways to achieve any goal. This means that we'll find an accu-
mulation on the structural side of the bridge. For example, if you want to reach something
high up, you can stand on a chair, reach with a stick, or ask someone taller to get it for you.
Similarly, an accumulation of functions or goals can be found for any structure. My colleague
Oliver Selfridge once wrote an entire book entitledThings to Do with a Stick.

Our different worlds of ends and means don't usually match up very well. So when
we find a useful, compdct uniframe in one such world, it often conesponds to an
accumulation in our other worlds.

We encountered this problem earlier. When we classified birds as animals while classifying
airplanes as machines, we thereby forced disunity upon the class of things that fly. Later, when
we come to theories about metaphors, we'll see that such problems are almost inevitable
because we know only a very few-and, therefore, very precious-schemes whose unifying
powers cross many realms.

TOP

ffi^
BLOCK OR WEDGE

- (Accumulation)
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12.9 THE EXCEPTION PRINCIPTE

What should one do with a law or rule that doesn't always work? We saw one way when we

developed our uniframe for the Block-Arch. We simply kept changing it to fit each new example.

But what if, after all that work, there still remain exceptions that don't fit?

The Exception Principle: It rarely pays to tamper with a rule that nearly always
works. It'i better iusi to complement it with dn ctccumulation of specific
excePtions.

All children learn that birds can fly and that animals that swim are fish. So what should they

do when told that penguins and ostriches are birds that cannot fly, or that whales and porpoises

are animals that swim but aren't fish? What should the children do with uniframes that no

longer work so well? The exception principle says: Do not change them too hastily. We should
,r.u-., expect rules to be perfect but only to say what is typical. And if we try to modify each
rule, to iake each exception into account, our descriptions will become too cumbersome to
use. It's not so bad to start with "Birds can fly" and later change it into "Birds can fly, unless
they are penguins or ostriches." But if you continue to seek perfection, your rules will turn into
monstrosities:

Birds can fly, unless they are penguins and ostriches, or if they happen to be dead,
or haye broken wings, or dre confined to cdges, or have their feet stuck in cement,
or haye undergone experiences so dreadful as to render them psychologically inca-
pable offlieht.

Unless we treat exceptions separately, they'll wreck all the generalizations we may try to
make. Consider why the commonsense idea of fish is so useful. It is an accumulation of general
information about a class of things that have much in common: animals that live in the water,
have a certain sort of streamlined shape, and move by wriggling their bodies and fanning the
water with various finlike appendages. However, a biologist's idea of fish is very different, being
more involved with the origins and internal mechanisms of those animals. This leads to empha-
sizing aspects less evident to the eye: if whales have lungs where trout have gills, they must be
uniframed in different ways. Children are disturbed to hear that whales are not fish because
they are usually more concerned with uses and appearances than with origins and mechanisms.
They're more likely to want classifications like these:

What do those animals do? Where do they liveT Are they easy to catch? Are they
dangerous? Are they useful? What do they eat? How do they taste?

The power of ordinary words like "fish" comes from how we make them span so many
meaning-worlds at once. However, in order to do this, we have to be able to tolerate many
exceptions. We almost never find rules that have no exceptions-except in certain special,
artificial worlds that we ourselves create by making up their rules and regulations to begin with.
Artificial realms like mathematics and theology are built from the start to be devoid of interest-
ing inconsistency. But we must be careful not to mistake our own inventions for natural
phenomena we have discovered. To insist on perfect laws in real life is to risk not finding any
laws at all. Only in the sciences, where every exception must be explained, does it make sense
to pay that price.
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t2.10 How TowERs YyoRK

Why can one build a tower or arch of stone or brick, but not of water, air, or sand? To answer
that amounts to asking, "How do towers work?" But asking that seems quite perverse, because
the answer seems so obvious: "Each block holds the next one up, and that's all there is fo if !" As
we've said before:

An idea will seem self-evident-once you've forgotten learning it!

We often use words like "insight" or "intuition" to talk about understandings that seem
especially immediate. But it is bad psychology to assume that what seems "obvious" is therefore
simple or self-evident. Many such things are done for us by huge, silent systems in our mind,
built over long forgotten years of childhood. We rarely think about the giant engines we've
developed for understanding space, which work so quietly that they leave no traces in our
consciousness. How towers work is something everyone has known for so long that it seems
odd to mention it:

A tower's height depends only upon the heights of its parts! None of the other
properties of the blocks matter-neither what they cost, nor where they've been, nor
what you think of them. Only lifting counts-so we cdn build a tower by thinking
only about actions that increase its height.

This makes tower building easy, by letting us separate the basic building plan from all the
small details. To build a tower of a certain height, iust find enough "pieces of height" and stack
them up by lifting actions. But towers have to stay up, too. So the next problem is to find
actions we can take to make our tower stable. Here we can use a second, wonderful principle:

A tower is stable if each block is properly centered on the last. Because of this, we
can build a tower by first lifting each block vertically and then adiusting it horizon-
tally.

Notice that this second kind of action-adfusting for stability-requires only horizontal
movements, which do not affect the tower's height at all. This explains why towers are so easy
to build. To increase a tower's height, you need only vertical lifting actions. The second-rank
goal, stability, requires only horizontal sliding motions, which don't interact with height at all
-provided the blocks have horizontal surfaces. This lets us achieve our tower-building goal
simply by doing "first things first."

To adults it is no mystery that height and width are independent of each other. But this is
not so evident in infancy: to understand the world of space and time, each child must make
many such discoveries. Still, the division into Lifting and Sliding has a special importance;
there are an infinity of ways to move around inside the world: how could a person ever learn
them all? The answer: We don't need to learn them all, because we can learn to deal with each
dimension separately. Lifting has a special significance because it isolates the vertical dimension
from the others and relates it to ideas about balancing. The complementary operations of
Sliding can then be divided into two remaining dimensions: either to push and pull or to move
from side to side. One way to Lift and two ways to Slide makes three-and that is just enough
to move around in a three-dimensional world!
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l2.l I HOW CAUSES WORK

It's wonderful when we can find out something's cause. A tower is high because each of its

separate blocks contribute height; it stands because those blocks are adequately firm and wide.

Aiabv cries because it rvants food. A stone falls down because it's pulled by gravity. Why can

we explain so many things in terms of causes and effects? Is it because there is a cause for

.u"rythi.rg-or do we meiely learn to ask only about the kinds of happenings that have causes?

Is it ihat 
"-"rrr., 

don't exist at all but are inventions of our minds? The answer is all of the above.

Causes are indeed made up by minds-but only work in certain parts of certain worlds.

What are causes, any*ayZ The very concept of a cause involves a certain element of style: a

causal explanation must be brief. Unless an explanation is compact, we cannot use it as a

prediction. We might agree that X causes Y, if we see that Y depends more on X than on most

tther things. But we wouldn't call X a cause of Y if describing X involved an endless discourse

that mentioned virtually everything else in the world.

There can't be dny "cduses" in d world in which everything that happens depends

more or less equally upon everything else that happens.

Indeed, it wouldn't make any sense to talk about a "thing" in such a world. Our very notion

of a "thing" assumes some constellation of properties that stays the same (or changes in ways

we can pr.dl"t) when other things around it change. When Builder moves a block, that block's

location will change-but not its color, weight, material, size, or shape. How convenient that

our world lets us change a thing's location while leaving so many other properties unchanged!

This lets us predict the effect of motions so well that we can chain them into combinations

never tried before-yet still predict their principal effects. Furthermore, because our universe

has three "dimensions," we can easily predict the effect of combining several actions from

knowing only their effects in each of those three dimensions.
Why dozs a block retain its size and shape when it is moved? It is because we're fortunate

enough to live within a universe in which effects are localized. A solid object with a stable shape

can exist only because its atoms "stick together" so tightly that when you move some of them,

the others are pulled along. But this can happen only in a universe whose force laws work in

close accord with the "nearnesses" of time and space-in other words, a universe in which

entities that are far apart have much less effect on each other than ones that are close together.

In worlds without constraints like that, there could be no "things" or "causes" for us to know.

To know the cause of a phenomenon is to know, at least in principle, how to
change or control some aspects of some entities without affecting all the rest.

The most useful kinds of causes our minds can discern are predictable relationships between
the actions we can take and the changes we can sense. This is why animals tend to evolve
sensors that detect stimuli that can be affected by those animals'own actions.
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12.12 MEANING AND DEFINITION

mean.ing n. l. that which exists in the mind, view, or contemplation
as a settled aim or purpose; that which is meant or intended to be done;
intent; purpose; aim; obiect. 2. that which is intended to be, or in

fact is, conteyed, denoted, signified, or understoodby acts orlanguage;
the sense, signification, or import of words; significance; force.

-W ebster' s U nabridged Dictionary

What is a meaning? Sometimes we're told a definition of a word, and suddenly, we know a
way to use that word. But definitions do not often work so well. Suppose you had to explain
what "game" means. You could start like this:

GAME: An activity in which two teams compete to make a ball do something that
results in a winning score.

This fits a certain range of games-but what of games that just use words, or keep no scores,
or lack the element of competition? We can capture the nature of more kinds of games by using
other definitions, but nothing seems to catch them all. We simply cannot find much in common
to everything we call a game. Yet one still feels there is a certain unity that underlies the idea
of a game. For example, we feel that we could recognize new games, and that "game" is more
than an arbitrary accumulation.

But now let's turn our attention away from the physical aspects of games and focus on the
psychological purposes that games can serve. Then it is much easier to find some qualities that
are common to most adult games:

GAME: An actittity that is engaging and diverting, deliberately detached from
real life.

This second kind of definition treats a game, not as a kind of object-thing, but as a process in
the mind. At first this might seem somewhat strange, but really it is nothing new-even our
first definition already contained psychological elements, concealed in the words "competing"
and "winning. " When seen this way, different kinds of games seem much more similar. This is
because they all serve common purposes-despite the great diversity of their physical appear-
ances. After all, there is virtually no limit to the variety of physical objects or structures that
could be used to accomplish the same psychological purpose-in this case, to make an activity
diverting (whatever that might mean). Naturally, then, it would be hard to specify the range of
all the possible physical forms of games.

Of course, it is no great surprise to find that "game" has a more psychological character than
does "brick," which we can define in physical terms without referring to our goals. But most
ideas lie in between. We saw this in the case of "chair," which we cannot describe without
referring both to a physical structure and to a psychological function.
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I2.I3 BRIDGE-DEFINITIONS

At last we're coming close to capturing the meanings of things like chairs and games. We

found that structural descriptions are useful, but they always seem too specific. Most chairs

have legs, and most games have scores-but there are always exceptions. We also found pur-

poseful descriptions to be useful, but they never seemed specific enough. "Thing you can sit

upon" is too general to specify a chair, since you can sit on almost anything. "Diverting

activity" is too broad for game-since there are many other ways to turn our minds from

serious things. In general, a single definition rarely works.

Purposeful definitions are usually too loose.
They include mdny things we do not intend.

Structural definitions are usually too tight.
They reiect many things we want to include.

But we can often capture an idea by squeezing in from several sides at once, to get exactly
what we need by using two or more different kinds of descriptions at the same time.

Our best ideas are often those that bridge between two different worlds!

I don't insist that every definition combine just these particular ingredients of structure and
purpose. But that specific mixture does have a peculiar virtue: it helps us bridge between the
"ends" we seek and the "means" we have. That is, it helps us connect things we can recognize
(or make, find, do, or think) to problems we want to solve. It would be of little use to know that
X's "exist" without some way to find and use them.

When we discussed accumulation, we saw that the concepts of "furniture" and "money"

have reasonably compact functional definitions but accumulate many structural descriptions.
Conversely, the concepts of "square" or "circle" have compact structural definitions but accu-
mulate endless collections of possible uses.

To learn to use a new or unfamiliar word, you start by taking it to be a sign that there exists,
inside some other person's mind, a structure you could use. But no matter how carefully it is
explained, you must still rebuild that thought yourself, from materials already in your own
mind. It helps to be given a good definition, but still you must mold and shape each new idea
to suit your own existing skills-hoping to make it work for you the way it seems to work for
those from whom you learn.

What people call "meanings" do not usually correspond to particular and definite structures,
but to connections among and across fragments of the great interlocking networks of connec-
tions and constraints among our agencies. Because these networks are constantly growing and
changing, meanings are rarely sharp, and we cannot always expect to be able to "define" them
in terms of compact sequences of words. Verbal explanations serve only as partial hints; we also
have to learn from watching, working, playing-ar-rd thinking.
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crrAP.rER 1 3

SEEING AND
BELIEVING
Cezanne said, "Though the woild d.Ppedrs
Complex, it's made of cubes and spheres,
Along with cylinders and cones:
Four fundamentals that, Iike bones
ln flesh, ubhold whatever drapes
Yariety upon their shapes."

"They're doubly basic," Freud said. "These
Are more than iust geometries:
Your simple solids symbolize
The organs that attract our eyes;
The only subiect of the arts
Is men's and women's pritate parts."

The body cdn ds well exPress
Our sadness and our happiness
And even sex's mindless dance
Portray s the spirit's circumstance
Of oscillation to and fro
Between the cosmic Yes and No.

"The world," vdn Gogh said, "is a face
In which I see my soul's grimdce."
But has reality become
Merely emotion's medium?
O universe of forms, I ask
Are vou a minor. or a mask?
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I3.I REFORMI'I.ATION

Imaeine all the kinds of arches one can build.

ffi 6tur;,
How could we capture what's common to so many things with just one single uniframe?

Impossible-if we were forced to think of them in terms of blocks and how they're placed. Not
one of the expressions we used before applies to all of them: neither "three blocks," nor "two
blocks standing up," nor "the supports must not touch." How could we make our minds
perceive all these arches as the same? One way would be to draw this imaginary line:

Now, suddenly, all those different arches fit one single frame-of a single Body with two
Supports. There are two different ideas here. The first is the idea of dividing an object's
description into an "essential" portion, namely the "body," and some auxiliary portions, which
correspond to the support. Later we'll see that this is a powerful idea in its own right. The
second idea is even more powerful and general: after failing to find a unified description of all
those arches, we abandoned the method we were using-and adopted, instead, a quite different
style of description. In a word, we reformulated the problem in new terms. We started by using
a language that was based on expressing the precise shapes of individual blocks. We replaced
this by another language in which we can speak of shapes and outlines that are not confined to
those of the blocks themselves.

Reformulation is clearly very powerful-but how does one do it? How do people find new
styles of description that make their problems seem easier? Does this depend upon some mys-
terious kind of insight or upon some magically creative gift-or do we simply come upon them
by accident? As I said when discussing creativity, these seem to me mere matters of degree,
since people are always making reformulations of various sorts. Even when we contemplate
those rarest and most revolutionary new ideas that come like revelations, suddenly to shed new
light on entire fields of thought-like evolution, gravity, or relativity-we usually see by hind-
sight that these were variants of things that people knew before that time. Then we have to ask,
instead, for reasons why those reformulations were so long postponed.
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I3.2 BOUNDARIES

ln the sky there is no distinction of east and west;
people create distinctions out of their own minds and then

believe them to be true.
- B  u n o H a

What is creativity? How do people get new ideas? Most thinkers would agree that some of the
secret lies in finding "new ways to look at things." We've just seen how to use the Body-support
concept to reformulate descriptions of some spatial forms, and soon we'll see some other ways
to reformulate in terms of strength, containment, cause, and chain. But first let's look more
carefully at how we made those four different arches seem the same, by making each of them
seem to match "a thing supported by two legs." ln the case of Single-Arch, we did this by
imagining some boundaries that weren't really there: this served to break a single object into
three.

ffi= SUPPORT

However, we dealt with Tower- Archby doing quite the opposite: we treated some real bound-
aries as though they did not exist:

SUPPORT

How cavalier a way to treat the world, to see three different things as one and to represent
one thing as three! We're always changing boundaries! Where does an elbow start or end?
When does a youth become an adult? Where does an ocean change into a sea? Why must our
minds keep drawing lines to structure our reality? The answer is that unless we made those
mind-constructed boundaries, we'd never see any "thing" at all! This is because we rarely see
anything twice as exactly the same. Each time we're almost certain to be looking from a
somewhat different view, perhaps from nearer or farther, higher or lower, in a different color
or shade of light, or against a different background. For example, consider these two appear-
ances of the same table.

These are qulte dlfterent when described
ln terms of the actual llnes and surfaces.
But when descrlbed In terms of body and
support, both plctures are the same!

Unless the mind could thus discard the aspects of each scene that are not essential to its
present purposes, we could never learn anything. Otherwise, our recollections would rarely
match appearances. Then nothing could make any sense-since nothing would seem perma-

nent.
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I3.3 SEEING AND BEIJEVING

A child was asked to draw a person.

Where ls the body? Why are the arms
and fegs connected to the head?

When quest ioned, many young chi ldren
actually prefer these to the drawings
most adults like.

We normally assume that children see the same as we do and only lack our tricky muscle
skills. But that doesn't explain why so many children produce this particular kind of drawing,
nor why they seem so satisfied with them. In any case, this phenomenon makes it seem very
unlikely that a child has a realistic, picturelike "image" in mind.

Now let's consider a different idea. We'll suppose that the child does not have anything like a
picture in mind, but only some network of relationships that various "features" must satisfy.
For example, a child's "person-drawing" feature-network might consist of the following features
and relations:

HEAD Large closed figure.
EYES Two circles, high in head.

MOUTH Obiect centered below eyes.
BODY Large closed ftgure.
ARMS Two lines, attached high on body.
LEGS Two lines, attached low on body.

To convert this description into an actual drawing, the child must employ some sort of
"drawing procedure." Here's one in which the process simply works its way down the feature
list, like a little computer program:

1. Consider the next feature on the list.
2. IF such a feature is already drawn, go to step 3. Otherwise draw it.
3. lF list is finished, stop. Otherwise, go back to step 1.

When the child starts to draw, the first item on the list is "large closed figure." Since there
isn't any such thing yet, the child draws one: that's the head. Next the eyes and mouth get
drawn. But then, when it comes to drawing the body feature, step 2 of the procedure finds that
a "large closed figure" has already been drawn. Accordingly, nothing new is required, and the
procedure simply advances to step 3. As a result, the child goes on to attach the arms and legs
to the feature that has been assigned to both the body and the head.

An adult would never make such a "mistake," since once some feature has been assigned to
represent a head, that feature is thereafter regarded as "used up" or "occupied" and cannot
represent anything else. But the child has less capacity or inclination for "keeping track."
Accordingly, since that "large closed figure" satisfies the description's requirements for both the
head and the body-albeit at different moments of time-there is no cause for discontent. The
little artist has satisfied all the conditions required by its description!
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I3.4 CHITDREN'S DRAWING-FRAMES

That body-head drawing seems very wrong to most adults, yet it seems to please many
children. Does it really look like a person to those children? That seems like a simple question,
but it is not-for we must remember that a child is not a single agent and that various other
agencies inside a child's mind may not be satisfied at all. At the moment, those other agencies
are not in control and have little effect. Yet if some creature came on the scene that really
looked like that, most children would be terrified. It does not make much sense to speak of
what a person "teally" sees, because we have so many different agencies.

Older children tend to draw
more distinct body parts
and other features such as
fingers and toes, hair,
eyebrows, and clothes.

What happened in the intervening years to make the older children draw the body separately?
This could come about without even making any change in the list of features and relations we
used in the previous section. It would need only a small change in step 2 of our drawing
procedure:

I. Consider the next feature on the list.
2. Draw such a feature, even if a similar one has already been drawn.
3. lF list is finished, stop. Otherw'ise, go back to step 1.

This ensures that every feature mentioned in the list will be represented only once in the
drawing, even if two such features look alike. Of course, this requires some ability to count
each feature only once, and never twice. How interesting that in order to make mature, realistic
drawings, the child could exploit the same kind of ability it must acquire in order to count
things properlyl

To be sure, we could explain the child's progress in other ways. That new and "more realistic"
picture could come from adding a neck to the feature list, for that would demand a separate
body and head. It might suffice simply to impose an additional constraint or relationship: fhaf

the head be above the body. One might argue that the younger child never had a clear concept
of a separate and distinct body feature in the first place; after all, there are many things that
you can do with your arms and legs or with your head-but your body only gets in the way.

In any case, after mastering the art of making these body-head drawings, many children seem

to progress rather slowly in the art of making personal portraits, and these types of "childish"

drawings often persist for some years. I suspect that after children learn to make recognizable

figures, they usually move on to face the problems of representing much more complicated

scenes. As they do this, we should continue to appreciate how well children deal with the
problems they set for themselves. They may not meet our own grown-up expectations, but they

often solve their own versions of the problems we pose.
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I3.5 TEARNING A SCRIPT

A,n expert is one who does not have to think. He knows.
- F R e N x  L r - o v o  W n I c H r

What will our portrait-drawing child try next? Some children keep working to improve their
person pictures. But most of them go on to put their newfound skills to work at drawing more
ambitious scenes in which two or more picture-people interact. This involves wonderful prob-
lems about how to depict social interactions and relationships-and these more ambitious
projects lead the child away from being concerned with making the pictures of the individual
more elaborate and realistic. When this happens, the parent may feel disappointed at what
seems to be a lack of progress. But we should try to appreciate the changing character of our
children's ambitions and recognize that their new problems may be even more challenging.

This doesn't mean that drawing learning stops. Even as those children cease to make their
person pictures more elaborate, the speed at which they draw them keeps increasing, and with
seemingly less effort. How and why does this happen? In everyday life, we take it for granted
that "practice makes perfect," and that repeating and rehearsing a skill will, somehow, auto-
matically cause it to become faster and more dependable. But when you come to think of it,
this really is quite curious. You might expect, instead, that the more you learned, the slower
you would get-from having more knowledge from which to choose! How does practice speed
things up?

Perhaps, when we practice skills we can already perform, we engage a special kind of learning,
in the course of which the original performance process is replaced or "bridged-across" by new
and simpler processes. The "program" to the left below shows the many steps our novice
portrait drawer had to take in order to draw each childish body-face. The "script" to the right
shows only those steps that actually produce the lines of the drawing; this script has only half
as many steps.

Consider the next feature:
It is not drawn, so -- DRAW HEAD
Consider the next feature:
It is not drawn, so --- DRAW EYES
Consider the next feature:
It is not drawn, so -- DRAW MOUTH
Consider the next feature:
A container shape ls already drawn!
Consider the next feature:
It is not drawn, so -- DAAW ARMS
Consider the next feature:
It is not drawn, so -- DRAW LEGS

PROGRAM

SCRIPT

DRAW HEAD
DRAW EYES
DRAW MOUTH
DRAW ARMS
DRAW LEGS

The people we call "experts" seem to exercise their special skills with scarcely any thought at
all-as though they were simply reading preassembled scripts. Perhaps when we "practice" to
improve our skills, we're mainly building simpler scripts that don't engage so many agencies.
This lets us do old things with much less "thought" and gives us more time to think of other
things. The less the child has to think of where to put each arm and leg, the more time remains
to represent what that picture-person is actually doing.
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13.6 THE FRONTIER EFFECT

We can get more insight about children from another experiment of Piaget's. A child is
shown a short block resting on a longer one and is asked to draw the scene. Next the child is
asked to draw a sketch of what might happen if we pushed the upper block a little to the right.
At first, the result is more or less what we'd expect.

But when we ask the child to do the same repeatedly, we see a strange result. The top block
suddenly grows shorter as it meets the edge of the long blockl

&ffid
To understand what happened, lust put yourself in the child's place. You've started to draw

the upper edge of the short box, but how do you decide where to stop?

Younger children don't yet possess much ability to draw lines in good proportion. Instead,
they tend to use procedures that locate each new feature in some recognizable relationship to
other features already represented in the drawing-that is, to "easily described places" that
have previously been depicted. Since there are no such features near the middle of the long
block, the child will use the same method, whatever it is, for the first few drawings. But it is

easy to describe the location of the end of the long block, and that's why this is where the
younger children tend to stop, once they approach that neighborhood. Piaget called this the
"frontier effect"-the tendency to place new features at locations that have easily described
relationships to other, already represented features.

Why can't children simply copy what they see? We adults don't appreciate how complicated
copying really is-because we can't recall what it was like before we learned to do it. To make
a good copy, the child would have to draw each line to a scale and direction consistent with all

the others. But these young children are scarcely able to trace the outline of an object with a

finger; they certainly cannot mentally transport an entire figure shape from one location to

another. So it is actually easier for the child to do what adults might consider more "abstract":

first to construct a mental description of the relations involved in the scene, and then to design

a drawing-scheme to represent those relationships. It can require more skill to produce what we

regard ai a simple copy or imitation than to produce what we consider to be an "dbstrdct"

representation!

&
Moved to right

tu
Original
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I3.7 DTIPHCATIONS

Sometimes when we watch a scene, the wholes we see "add up" exactly to the sum of their

separate parts. But other times, we do not mind if certain things get counted twice. In the first

figure beiow, we divide an arch into body and support with no concern that both parts have

eiactly the same boundaries. In the second figure, we seem to see two complete arches, despite
the fact that there aren't enough legs to make two separate arches'

Sometimes it is vital to keep track, to count each thing exactly once. But in other situations,
no harm will come from counting twice. It is efficient to use the same block twice when making
viaducts for roads for cars. But if we tried to use the same five blocks to build two separate
bridges, we'd end up short. Different kinds of goals require different styles of description. When
we discussed the concept of More, we saw how each child must learn when to describe things
in terms of appearance and when to think in terms of past experience. The double-arch prob-
lem also offers a choice of description styles. If you plan to build several separate things, you'd
better keep count carefully or take the risk of running out of parts. But if you do that all the
time, you'll miss your chance to make one object serve two purposes at once.

We could also formulate this as a choice between structural and functional descriptions.
Suppose we tried to make a match between the structural elements of the double-arch and
those of two separate block-arches. In one way to do that, we would first assign three blocks to
each arch-and then verify that each arch consists of a top supported by two blocks that do not
touch. Then, of course, we'll only find a single three-block arch. There isn't any second arch,
since there are only two blocks left.

On the other hand, we could base our description of the double-arch scene on the more
functional body-support style of description. According to that approach, we must focus first
on the most "essential" parts. The most essential part of an arch is its top block-and we do
indeed find two blocks that could serve as top blocks. Then we need only verify that each of
them is supported by two blocks that do not touch-and this is indeed the case. In a function-
oriented approach, it seems natural to count carefully the most essential elements, but merely
to verify that the functions of the auxiliary elements will somehow be served. The functional
type of description is easier to adapt to the purposes of higherJevel agencies. This doesn't mean
that functional descriptions are necessarily better. They can make it hard to keep track of real
constraints; hence they have a certain tendency to lead toward overoptimistic, wishful thought.
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crrAPrER 11

REFORMUTATION
U ntil that scholastic paradigm fthe medieval'impetus' theory]

was invented, there were no pendulums, but only swinging
stones, for scientists to see. . . , Do we, however, really need to

describe what separates Calileo from Aristotle, or Lat,oisier from
Priestly, as a transformation of tisionl Did these men rcally see
different things when looking at the same sorts of obiectsT . . .

I am acutely aware of the difficulties ueated by saying that
when Aristotle and Calileo looked at swinging stones, the first

saw constrained fall, the second a pendulum. Nevertheless,
I am convineed that we must learn to make sense of sentences

that at least resemble these.

- T s o v n s  K U H N



I4.I USING REFORMT'I.ATIONS

What can we do when we can't solve a problem? We can try to find a new way to look at it,
to describe it in different terms. Reformulation is the most powerful way to attempt to escape
from what seems to be a hopeless situation. Thus, when we couldn't find anything common to
all those different kinds of arches, we changed our way of looking at them. We moved from the
world of rigid, geometric block descriptions to a less constrained domain of body-support de-
scriptions-and there we found a way to make a uniframe for all of them: a span supported by
a pair of legs. But think of all the other ways a person might describe an arch.

Aesthetic: A pleasing, shapely form.
Dynamical: The top will fall if either leg is removed.
Topological:The arch sunounds a hole in space.
GeometricalzThe three blocks form an"invertedU" shape.
Architectural:The arch's top could be the base of something else.
Constructionalz Place two blocks, then place another duoss their tops.
Circumventional: Can be used as a detour, to go around an obstacle.
Transportational: Can be used as a bridge, to go from one place to another.

Each of these involves a different "realm" of thought with its own style for describing things.
And every different realm of thought can bring new kinds of skills to bear on a problem. We
each learn various ways to reason about paths and obstacles; we each learn ways to deal with
vertical support; with doors and windows; with boxes and bridges and tunnels; with stacks and
rows and stairs and ramps.

To an outsider, it may seem that a creative inventor (or designer or thinker) must possess an
endless source of novel ways to deal with things. Yet inside the inventor's mind, that all might
stem from variations on far fewer themes. Indeed, in that inventor's view, those styles of
thought may seem so clear (and those inventions all so similar) that the question turns the
other way: "Why can't outsiders understand how to think about these simple kinds of problems?"
In the long run, the most productive kinds of thought are not the methods with which we solve
particular problems, but those that lead us to formulating useful new kinds of descriptions.

How do we reformulate? Each new technique presumably begins by exploiting methods
already learned in other, older agencies. So new ideas often have roots in older ones, adapted
for new purposes. In the next section, we'll see how that body-support idea has counterparts in
virtually every realm of thought. Toward the end of this book, we'll speculate about how those
various realms themselves evolve inside the mind.
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14.2 THE BODY. SUPPORT CONCEFT

We were able to uniframe many kinds of arches by dividing each into a Body and a Support.
See how well that technique works on many other sorts of things.

ft€"^h SUPPORT

What makes such simple cuts seem meaningful? It is because we can imagine purposes for
each. In everyday life, there is a special significance to dividing a table into "top" and "legs."
This is because the tabletop serves our principal use for a table, as "thing to put things on."
The table's legs serve only secondary purposes: without those legs, the top would fall-but
without its top, the table has no use at all. And it would make no sense to imagine dividing that
table in half, vertically, to see it as two stuck-together, L-shaped parts.

This must be one reason why the body-support idea seems so universal. It is not merely a
matter of physical support the more profound idea is that of building a mental bridge between
a thing and a purpose. This is why bridge-definitions are so useful: they help us connect
structural descriptions to psychological goals. But the point is that it is not enough just to link
together descriptions from two different worlds-"top supported by legs" and "thing to put
things on." It is not enough simply to know that tables keep things off the floor. To use that
knowledge, we must also know how it is done: that things have to be put on the table, rather
than, for example, between the table's legs.

This is where the body-support representation helps us to classify our knowledge. The "body"
represents those parts of a structure that serve as the direct instrument for reaching the goals
and the "support" represents all the other features that merely serve that instrument. Once we
can classify the tabletop as the "body" of the table, we will tend to think only of using the
tabletop for keeping things off the foor. Of course, we would gain even more power by under-
standing how those supports assist the body's goal; that is, by understanding that the table's legs
are for keeping the tabletop itself away from the floor. A good way to understand that is to have
a representation of what might happen if one of the table's legs failed to perform its function.

To understand how something works, it helps to know how it can fail.

Dlfference in
Support Structure

Remove ight lq.

Functional Effect
on Body

Left side of top falls.

Right side of top falls.
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I4.3 MEANS AI{D ENDS

How do we connect the things we have with the goals we want to achieve? The answer: We

have many ways! Each use or purpose may suggest some corresponding way to split things up
-and in each such view there will seem to be some "most essential" parts. These are the ones
that, in such a view, appear to serve the goal directly; the rest will seem like secondary parts

that only support the role of the main parts. We do this not only in the physical realm, but in
many other realms as well.

B O D Y
EFFECT I

I  S U P P O R T
CAUSE

Each of these dumbbell distinctions has its own style for distinguishing essential parts from
supportive parts. And even in the world of physical things, we can apply these different mental
views in different ways. For example, there are many ways to describe the act of standing on a
table in order to be able to reach higher.

Support Tables hold things away from the floor.
Function Tables are for supporting things.

Conclusion lf you put something on a table, its height increases.
Cause-Effect I can reach higher because I start higher.
Means-Ends If I want to reach higher, I can stand on a table.

Even when we simply put something on a table, we're likely to employ several such descrip-
tions at the same time-perhaps in different sections of the mind. The quality of our under-
standing depends upon how well we move between those different realms. In order to translate
easily from one of them to another, we must discover systematic cross-realm correspondences.
However, finding these is rare. Usually, the situation is like that we found for chairs and games:
each description-element in one world corresponds to a hard-to-describe accumulation of struc-
tures in the other world. What is remarkable about the body-support concept is how often it
leads to systematic cross-realm correspondences. For example, we can use it to translate "sup-
ported by," in the architectural realm, into "horizontal surface underneath" in the geometrical
realm. To be sure, this correspondence fails to represent the possibility of supporting an object
by suspending it from above. But some exceptions are inevitable.

Our systematic cross-realm translations are the roots of fruitful metaphors; they enable us to
understand things we've never seen before. When something seems entirely new in one of our
description-worlds, it may turn out that when translated to some other world it resembles
something we already know.

Now, before you turn to the following page, try to solve this puzzle.

F U N C T I O N  C O N C L U S I O N
I  ENDS I

STRUdTURE I  PREMISE
MEANS
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T4.4 SEEING SQUARES

Most people find the nine-dot problem hard to solve because they assume that the dots form
a square that bounds the working space. Indeed, the problem is insoluble unless the drawing
can extend outside that area. Thus the problem is easier if one does not perceive those dots ai
forming a square. We often self-impose assumptions that make our problems more difficult,
and we can escape from this only by reformulating those problems in ways that give us more
room.

The di f f icul ty of this problem seems
more ethical  than conceptual.  l t  feels
l ike "cheat ing" to go outside the square.

Really, there was never any square
rectangle with equal sides." What makes
were squares?

in the first place-that is, in the literal sense of "a
us see so many different sorts of things as though they

',,,,, :t',',',,,,..,.t,,,..'
l iri: it'i i iiri:d,:...,.:.i' .: :. .,''
i. i. .ti: ai i: ! :it:i t.:i: !- : :,t)

a: :: : !: a: ::i!: ia:::::: :i,a: :: : ta

a" :': l'l:t:: i:i:!: :'::::l : :':-

Some of these squares have no corners, others have no edges, and some of them have neither
corners nor edges! What makes us see them all as squares? Psychologists have long wondered
how we recognize such similarities bui often forgot to ask how we recognize the very simplest
forms of squares in the first place. Which comes first in recognition, specific features or global
shapes? It must depend upon one's state of mind. The way we perceive the world, from one
moment to another, depends only in part on what comes from our eyes: the rest of what we
think we see comes from inside our brain; we respond not only to visual features, but also to
our remembrances of things we've seen before and to our expectations of what we ought to see.

It is tempting to assume that our visual processes work only in one direction, bringing
information from the world into the mind:

World + Sensation ---------+ Perception ---------> Recognitior ------+ Cognition

But this does not explain how what we see is influenced bv what we expect to see. Human
vision must somehow combine the information that comes from the outer world wiih the
structures in our memories. The situation must be more like this:

S e n s a t i o n  D e s c r i p t i o n  * -  E x p e c t a l i o n

Ia
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t,

-
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14.5 BRAINSTORMING

Once you set that nine-dot problem into a larger frame, you could solve it in a routine way,

,ith ;;ly-; iittle thought. Wirat lets you reformulate such complex scenes so easily-once

;;;i; ili.;g6t of a"i"?liz It must b. ihat your mind is constantly preparing wavs to do such

if,-g, by briitding up fonnections between different kinds of descriptions. Then, when you

finally change yo,r, ui.t to find another way to look at things, you can apply a lifetime of

experience as easily as turning on a switch'
This takes ,r, br.t iolt e qiestion of when to try to be a Reductionist or a Novelist' How do

you decide when to quit afte; investing a greatdeal of effort.in doing something a certain way?

tt would be bad to discard all thatrv"rt i*t before you might find the answer-but there's no

;r; t; b.*r" when that will happen. Should people always try to break their well established,

seli-made mental bonds and try io ttri"t in lesi constricted ways? Of course not. It will usually

do more harm than good.
However, whet yJu're really stuck, you may as well try wilder ways to find some new ideas'

you might'even consider using one of the systematic, therapylike disciplines that go under

names llke brainstorming, lateial thinking, meditation, and so forth. These can help, when

people get badly stuck, by .n"ontrging the search for new formulations. However, when you

swittfr i-o unfamili^, ui.*, of thingi yor.r -uy get new ideas, but you also put yourself in the

situation of a novice; you become less able to judge which new ideas are likely to be compatible

with any of your older skills.
In any case, you must not be too quick to think, How stupid it was not to see that right away!

Rememter the principle of exceptibns: it may be rash to change yourself too much iust to

accommodate alingle strange experience. To take every exception seriously is to risk the loss

of general rules thaiprevioui expirience has shown to work most frequently. You must also be

particularly wary of methods you can always use:

Quit what you're doing.
Find an easier Problem.
Take a rest. You'll feel better afterward.
Simply wait. Eventually the situation will change.
Start over again. Things may work out better the next time-

Such methods are foo general; they're things that one can always do, but they do not apply

especially well to any particular problem. Sometimes they can help us get unstuck, but they
must be tarred from usual thought-or at least be given low priority. It isn't any accident that

the things that we can "always" do are just the ones we should rarely do.
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14,6 THE ITWESTMENT PRINCIPIJ

To him that has, more shall be given; but from him that has not,
the little that he has shall be taken dwdy.

- S r .  M . l r r u n w

Some ideas acquire undue influence. The prominence of the body-support idea is well-
deserved; no other scheme compares to its ability to help us link things into causelike chains.
But there are other, not so honorable ways for ideas to gather influence.

The Investment Principle: Our oldest ideas have unfair advantages oyer those
that come later. The earlier we learn a skill, the more methods we can acquire for
using it. Each new idea must then compete against the larger mass of skills the old
ideas have accumulated.

This is why it's so much easier to do new things in older ways. Each new idea, however good
in principle, seems awkward until we master it. So old ideas keep gaining strength, while new
ones can rarely catch up. Furthermore, our oldest and best-developed skills will be the first to
spread to other realms of thought where again they'll start out far enough ahead to keep any
new ideas from taking root.

In the short run, you will usually do better by using an old idea than by starting out anew. If
you can already play the piano well, it is easy to start playing the organ in the same way. The
many superficial similarities will make it hard for you to tell which aspects of your old skills are
unsuitable, and the easiest course is to keep applying your old technique, trying to patch each
flaw until none show. In the long run, you'd probably do better by starting fresh with a new
technique-and then borrowing what you can from your older skills. The trouble is that we're
almost always immersed in the "short run." So the principles both of investment and of excep-
tion make us reluctant to tamper with our well-established skills and uniframes lest we endanger
all that we have built upon those old foundations. I don't mean to say there's anything wrong,
in principle, with using what you are comfortable with and already know. But it is dangerous to
support your old ideas merely by accumulating ways to sidestep their deficiencies. That only
increases the power of your old ideas to overcome new ones and could lead your style of
thought to base itself yet all the more, as time goes by, upon less and less.

Evolution illustrates how processes can become enslaved by the investment principle. Why
do so many animals contain their brains inside their heads-as with fish, amphibians, reptiles,
birds, and bats? This arrangement was inherited long before our earliest aquatic ancestor first
crawled upon the land three hundred million years ago. For many of those animals-wood-
peckers, for example-another arrangement might serve at least as well. But once the pattern
of centralizing so many functions in the head was established, it carried with it great networks
of dependencies involving many aspects of anatomy. Because of this, any mutation that
changed any part of that arrangement would disrupt many other parts and lead to dreadful
handicaps, at least in the short run of evolution. And because evolution is so inherently short-
sighted, it would not help if, over longer spans of time, such changes could lead to advantages.
Perhaps the best example of this can be seen in the fact that virtually every detail of every plant
and animal on earth is written in terms of a genetic code that has scarcely changed a single bit
in a billion years. It does not seem to be a particularly efficient or reliable code, yet so many
structures have been based on it that all living things are stuck with it! To change a single detail
of that code would cause so many proteins to get tangled up that not a single cell could live.
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I4.7 PARTS AND HOI.ES

As an example of reformulation, we'll represent the concept of a box in the form of a machine

that has ̂  goil. We can use this to understand the Hand-Change phenomenon. What makes a

Block-Arcitrap a person's arm so that there's no way to escape except to withdraw? One way to

explain this is to imagine the arch as made of four potential obstacles-that is, if we include

the floor.

TOP OBSTACLE

LEFT OBSTACLE -.-- RIGHT OBSTACTE

An obstacle is an obiect that interferes with the goal of moving in a certain direction. To be
trapped is to be unable to move in any acceptable direction. Why does the block-arch form a
trap? The simplest explanation is that each of its four sides is a separate obstacle that keeps us
from escaping in a certain direction. (For our present purposes, we'll regard moving the hand
forward or backward as unacceptable.) Therefore we're trapped, since there are only four
acceptable directions-up, down, left, or right-and each of them is separately blocked. Psy-
chologically, however, there's something missing in that explanation: it doesn't quite describe
our sense of being trapped. When you're caught inside a box, you feel as though something is
trying to keep you there. The box seems more than just its separate sides; you don't feel trapped
by any particular side. It seems more like a conspiracy in which each obstacle is made more
effective because of how all the other obstacles work together to keep you from going around
it. In the next section we'll assemble an agency that represents this active sense of frustration
by showing how those obstacles cooperate to keep you in.

In order to represent this concept of trap or enclosure, we'll first need a way to represent the
idea of a container. To simplify matters, instead of trying to deal with a genuine, six-sided,
three-dimensional boxlike container, we'll consider only a two-dimensional, four-sided rectan-
gle. This will let us continue to use our Block-Arch uniframe, together with that extra side to
represent the floor.

TOP -

RIGHT

LEFT

Why focus so sharply on the concept of a container? Because without that concept, we could
scarcely understand the structure of the spatial world. Indeed, every normal child spends a
great deal of time learning about space-surrounding shapes-as physical implements for con-
taining, protecting, or imprisoning objects. But the same idea is also important not only physi-
cally, but psychologically, as a mental implement for envisioning and understanding other,
more complicated structures. This is because the idea of a set of "all possible directions" is one
of the great, coherent, cross-realm correspondences that can be used in many different realms
of thousht.
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I4.E THE POWER OF NEGATTT/E THINKING

When life walls us in, ottr intelligence cuts an opening, for, though
there be no remedy for an unrequited love, one can win release frim
suffering, even if only by drawing from the lessons it has to teach.
The intelligence does not recognize in life any closed situations

without an outlet.
- M e n c n r  P n o u s r

How do boxes keep things in? Geometry is a fine tool for understanding shapes, but alone, it
can't explain the Hand-Change mystery. For that, you also have to know how moving worisl
Suppose you pushed a car through that Block-Arch. Your arm would be imprisoned until you
pulled it out. How can you comprehend the cause of this? The diagram below depicts an agency
that represents the several ways an arm can move inside a rectangle. The top-lev el agent Mov'e
has four subagents: Mow-Left, Move-Right, Mote-IJp, andMoye-Down. (As before, we'll ignore
the possibility of moving in and out, in three dimensions.) If we connect each of these sub-
agents to the corresponding side of our four-sided box frame, each agent will be able to test
whether the arm can move in the corresponding direction (by seeing whether there is an
obstacle there). Then, if every direction is blocked, the arm can't move at all-and that's what
we mean by being "trapped."

The "---o" symbol indicates that each box-frame agent is connected to inhibit the corre-
sponding subagent of Move. An obstacle to the left puts Move-Left into a can't-move state. If
all four obstacles are present, then all four box-frame agents will be activated; this will inhibit
all of Move's agent5-which will leave Move itself in a can't-move state-and we'll know that
the trap is complete. However, if we saw aTopless-Arch, then the Move-Up agent would not be
inhibited, and Moye would not be paralyzed! This suggests an interesting way to find an escape
from a Topless-Arch. First you imagine being trapped inside a box-frame-from which you
know there's no escape. Then, since the top block is actually missing, when your vision system
looks for actual obstacles, there will be no signal to inhibit the Moye-Up agent. Accordingly,
Move can activate that agent, and your arm will move upward automatically to escape!

This method has a paradoxical quality. It begins by assuming that escaping is impossible.
Then this pessimistic mental act-imagining that one's arm is trapped-leads directly to finding
a way out. We usually expect to solve our problems in more positive, goal-directed ways, by
comparing what we have with what we wish-and then removing the differences. But here
we've done the opposite. We compared our plight, not with what we want, but with a situation
even worse-the least desirable antigoal. Yet even that can actually help, by showing how the
present situation fails to match that hopeless state. Which strategy is best to use? Both depend
on recognizing differences and on knowing which actions affect those differences. The optimis-
tic strategy makes sense when one sees several ways to go-and merely has to choose the best.
The pessimistic strategy should be reserved for when one sees no way at all, when things seem
really desperate.
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I4.9 THE INTERACTION.SOUARE

What's so special about moving left or right or up or down? At first one might suppose that

these ideas work only for motions in a two-dimensional space. But we can also use this square-

like frame for many other realms of thought, to represent how pairs of causes interact- What is

an interaction, anyway? We say that causes interact if, when combined, they lead to effects that

neither can cause separately. For example, by combining horizontal and vertical motions, we

can move to places that can't be reached with either kind of motion by itself. We can represent

the effects oisuch combinations by using a diagram with labels like those on a compass.

\w

NW
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NNE

l/
T\"
ssE

Many of our body joints can move in two independent directions s[ 6nss-not the knee, but
certainly the wrist, shoulder, hip, ankle, thumb, and eye. How do we learn to control such
complicated joints? My hypothesis is that we do this by training little interaction-square agen-
cies, which begin by learning something about each of the nine possible motion combinations.
I suspect that we also base many of our nonphysical skills on interaction-square arrays because
that is the simplest way to represent what happens when two causes interact. (There is even
some evidence that many sections of the brain are composed of square arrays of smaller
agencies.)

Consider that the Spatial agency in our Society-of-More is not really involved with space at
all, but with interactions between agents llkeTall andThin. [f you were told that one object A
is both taller and wider than another object B, you could be sure that there is "more" of A. But
if you were told that A is taller and thinner than B, you couldn't be sure which one is "more."
An interaction-square array provides a convenient way to represent all the possible combina-
tions:

SHORTER +SAME +TALLER

THINNER

I
SAME

I
THICKER

LEss LEss u'rnolher
"="\l--,/rgencYr
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If square-arrays can represent how palrs of causes interact, could similar schemes be used
with three or more causes? That might need too many "directions" to be practical. We'd need
twenty-seven directions to represent three interacting causes this way, and eighty-one to repre-
sent four. Only rarely, it seems, do people deal with more than two causes at a time; instead,
we either find ways to reformulate such situations or we accumulate disorderly societies of
partially filled interaction-squares that cover only the most commonly encountered combina-
tions.
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crrAPrER 1 5

CONSCIOUSNESS
AND MEMORY

But if this is true, dre we not led into what philosophers call an
infinite regrcss, the explanation of one thing in terms of an

earlier which again needs the same type of explanation?
lf Constable saw the English landscape in terms of

Gainsborough' s paintings, what about Gainsborough himself?
We can dnswer this. Cainsborough saw the lowland scenery of
East Anglia in terms of Dutch paintings which he arduously
studied and copied. . . . And where did the Dutch get their

vocabulary? The answer to this tybe of question is precisely what
is known as the "history of drt."

- 8 .  H .  Gougn rcH



15.I MOMENTARY MENTAT STATE

We normally assume that consciousness is knowing what happens in our minds right at the

pr.r..ri ti*e.'In the next few sections, I'll argue that consciousness does not concern the

iresent, but the past: it has to do with how we tlhink about the records of our recent thoughts'
^But 

how can thinking about thoughts be possible at all?

There's something queer about describing consciousness: whatever people mean to

say, they iust cait'seem to make it clear. It's not like feeling confused or ignorant.

Instead', we feel we know what's going on but can't describe it properly . How could

anything seem so close, yet always keep beyond our reach?

There is a simple sense in which thinking about a thought is not so different from thinking

about an ordinaiy thing. We know that ceitain agencies must learn to recognizs-and svsn

name-the feel oi toucf,ing , hand or an ear. Similarly, there must be other agencies that learn

to recognize events inside the brain-for example, the activities of the agencies that manage

-.*orLr. And those, I claim, are the bases of the awarenesses we recognize as consciousness.

There is nothing peculiar about the idea of sensing events inside the brain. Agents are agents
-and it is as .^ry fbr an agent to be wired to detect a brain-caused brain-event, as to detect a

world-caused brain-event. Indeed, only a small minority of our agents are connected directly to

sensors in the outer world, like those that send signals from the eye or skin; most of the agents

in the brain detect events inside the brain. But here we're especially concerned with agents that

are engaged in using and changing our most recent memories. These lie at the roots of con-

sciousness.
Why, for example, do we become less conscious of some things when we become more

"orrr"io,r, 
of others? Surely this is because some resource is approaching some limitation-and

I'll argue that it is our limited capacity to keep good records of our recent thoughts. Why, for
.*"*p1., do thoughts so often seem to flow in serial streams? It is because whenever we run
out oi room, the iecords of our recent thoughts must then displace those of our older ones.
And why are we so unaware of how we get our new ideas? Because whenever we solve hard
problemi, our short-term memories become so involved with doing that that they have neither

ii-" .ror space for keeping detailed records of what they themselves have done.
What hippens when we try to think about our most recent thoughts? We examine our recent

memories. But these were already involved in what we were "thinking" aborst-and any self'
inspecting probe is prone to change iust what it's looking af. Then the system is likely to break
down. It is hard enough to describe something with a stable shape; it is even harder to describe
something that changes its shape before our eyes; and it is virtually impossible to speak of the
shapes of things thatihange into something else each time we try to think of them. And that's
whit happens when we try to think about our present thoughts-since each such thought must
change bur mental statel Would any process not become confused that alters what it's looking
at? In such a fix, how could one ever hope to be articulate?
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I5.2 SETF.EXAMINATION

What do we mean by words like "sentience," "consciousness," or "self-awareness"? They all
seem to refer to the sense of feeling one's mind at work-but beyond that, it is hard to say
whether there are any differences in what they mean. For instance, suppose that you had just
smiled, and someone asked if you had been conscious of this. It would scarcelv matter how
that question was posed:

"Did you iust smile?"
"Do you realize that you iust smiled?"
"Do you remember smiling?"
"Were you conscious of doing so?"
"Were you awdre of it?"

Each of these questions really asks what you can say about your recent mental past. In order
for you to reply truthfully, "Yes, I know I smiled," your speaking-agencies must use some
records about the recent activity of certain agents. But what about all the other activities
involved in everything you say and do? If you were truly self-aware, wouldn't you know all
those other things as well? There is a common myth that what we view as consciousness is
measurelessly deep and powerful-yet actually, we scarcely know a thing about what happens
in the great computers of our brains. How can we think, not knowing what it is to think? How
can we get such good ideas, yet not be able to say what ideas are or how they're made?

Why is it so hard to talk about our present state of mind? We've already seen several reasons
for this. One is that the time-delays between the different parts of a mind mean that the concept
of a "present state" is not psychologically sound. Another reason is that each attempt to reflect
upon our mental state will change that state, and this means that trying to know our state is like
photographing something that is moving too fast: such pictures will always be blurred. In any
case, we aren't much concerned in the first place with learning how to describe our mental
states; instead, we're more engaged with practical things, like making plans and carrying them
out.

How much genuine self-insight is possible for us? I'm sure our memory-machinery provides
some useful clues, if only we could learn to interpret them. But it is unlikely that any part of
the mind can ever obtain complete descriptions of what happens in the other parts, because, it
seems, our memory-control systems have too little temporary memory even to represent their
own activities in much detail.
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15.3 MEMORY

In order for a mind to think, it has to iuggle fragments of its mental states' Suppose you want

to rearrange the furniture inside a room yo" k"o*. Your attention keeps shifting, first to one

corner, then to another, next to the cenier of the room, and then, perhaps, to how the light

falls on some object on ashelf. Different ideas and images interrupt each other' At one moment

It ,."*, as though your entire mind were focused on one small detail; at another moment you

might jwell on i,ftv v"" 
"re 

thinking about that room in the first place; then you might find

yourself comparing or contrasting two different rearrangements of that scene: "lf that couch

iurn onn, here, thei would be ,ooi for guests to chat-but no, that would block the path so that

they wouldn't be able to enter."
How do our various agencies keep track of imaginary changes in scenes? Where do the

different versions go whe; out of mind, and how do we get them back again? They must be

stored as memories. But what do we mean by that? Some readers may be surprised to learn that

biologists still have no well-established theory of what happens in our brains when memories

"r. 
fo"r*.d. Psychologists, however, do agree that there must be at least two different mecha-

nisms. We appear to liave "long-term meriories," which can persist for days or years or all one's

life. We also haue "short-termhemories," which last only for seconds or minutes. In the next

few sections we'll talk mostly about the uses of these transient traces of our recent thoughts.

For example, whenever we get stuck in the course of solving a problem, we need to be able to

backtrack, modify our strategy, and try again. To do this we need those short-term memories,

if only not to repeat the same mistake.
How much d-o we remember? Sometimes we surprise ourselves by remembering things we

didn't know we knew. Could this mean that we remember everything? Some older theories in

psychology have supposed this to be true, and there are many legends of persons having

irUrrto,rgbilities. Foie*a*ple, we often hear about people with "photographic memories" that

enable them to quickly memorize all the fine details of a complicated picture or a page of text

in a few seconds. So far as I can tell, all of these tales are unfounded myths, and only profes-

sional magicians or charlatans can produce such demonstrations.
In any case, I suspect we never really remember very much about a particular experience.

Instead, our various agencies selectively decide, unconsciously, to transfer only certain states

into their long-term memories-perhaps because they have been classified as useful, danger-

ous, unusual, or significant in other respects. It would be of little use for us simply to maintain

vast stores of unclaisified memories if, every time we needed one, we had to search through all

of them. Nor would it be of any use for them all to flood at once into our agencies. Instead,

each of us must develop fruitful and effective ways to organize our memories-but how that's

done is inaccessible to consciousness. What barriers keep us from knowing such things? The

next few sections sketch out some theories, both about how our memory-systems work and why

we can't find this out directly by examining our own thoughts.
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I5.4 MEMORIES OF MEMORIES

Ask anyone for memories from childhood, and everyone will readily produce a handful of
stories like this:

My neighbor's father died when I was four. I remember sitting with my friend in
front of their house, watching people come and go. lt was strange. No one said
anything.

It's hard to distinguish memories from memories of memories. Indeed, there's little evidence
that any of our adult memories really go way back io infancy; what seem like early memories
may be nothing more than reconstructions of our older thoughts. For one thing, recollections
from our first five years seem strangely isolated; if we ask what happened earlier that day, the
answer almost always is, "I cdn't remember that." Furthermore, many of those early memories
involve incidents so significant that they probably occupied the child's mind repeatedly over a
period of years. Most suspicious of all is the fact that such recollections are frequently described
as seen through other, older eyes-with the narrator portrayed inside the scene, right near the
center of the stage. Since we never actually see ourselves, these mustbe reconstructed memo-
ries, rehearsed and reformulated since infancy.

I suspect that this "amnesia of infancy" is no mere effect of decay over time but an inevitable
result of growing out of infancy. A memory is not a separate entity, apart from how it works
upon the mind. To remember an early experience, you must be able not only to."retrieve"
some old records, but to reconstruct how your earlier mind reacted to them-and to do that,
you would have to become an infant again. To outgrow infancy, you have to sacrifice your
memories because they're written in an ancient script that your later selves can no longer read.

We reconstruct our recent memories as well, since they portray less what we saw than what
we recognized. From every moment to the next, your mental state is shaped not only by signals
from the outer world, but by agents activated by the memories these evoke. For example, when
you see a chair, what makes it appear to you to be a chair-rather than an assortment of sticks
and boards? It must evoke some memories. Only a part of your impression comes from agents
activated directly by your vision; most of what your higherJevel agencies experience comes
from the memories those vision-agents activate. Usually, we have no conscious sense of this
happening, and we never use words like "memory" or "remembering" when the process works
quickly and quietly; instead, we speak of "seeing" or "recognizing" or "knowing." This is be-
cause such processes leave too few traces for the rest of the mind to contemplate; accordingly,
such processes are unconscious, because consciousness requires short-term memory. It is only
when a recognition involves substantial time and effort that we speak of "remembering."

Then what do we mean by "memory"? Our brains use many different ways to store the traces
of our pasts. No single word can describe so much, unless it is used only in a general, informal
sense.

Memories are processes that make some of our agents act in much the sdme wdys
they did at various times in the past.
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I5.5 THE IMMANENCE IIIUSION

Everyone will readily allow that there is a considerable difference
between the perceptions of the mind, when a man feels the pain of
excessive heat, or the pleasure of moderate warmth, and when he

afterwards recalls to his memory this sensation, or anticipates it by
his imagination. These faculties may mimic or copy the

perceptions ofthe senses; but they never cdn entirely reach the force
and vivacity of the original sentiment. . . . The most lively

thought is still inferior to the dullest sensation.
- D n v r n  H u M s

We like to think of memories as though they could restore to us things we've known in the
past. But memories can't really bring things back; they only reproduce some fragments of our
former states of mind, when various sights, sounds, touches, smells, and tastes affected us.
Then what makes some recollections seem so real? The secret is that real-time experience is
just as indirectl The closest we can come to apprehending the world, in any case, is through
the descriptions our agents make. In fact, if we inquired instead about why real things seem
real, we would see that this depends, as well, on memories of things we've already known.

For instance, when you see a telephone, you have a sense not only of the aspects you can
see-its color, texture, size, and shape-but also of how it feels to hold the instrument to your
ear. You also seem to know at once what telephones are for: that you speak into here and listen
there;that when it rings you answer it; that when you want to call, you dial it. You have a sense
of what it weighs, of whether it is soft or hard, of what its other side is like-although you
haven't even touched it yet. These apprehensions come from memories.

The Immanence Illusion: Wheneyer you cdn dnswer a question without a notice-
able delay, it seems as though that answer were already active in your mind.

This is part of why we feel that what we see is "present" in the here and now. But it isn't
really true that whenever a real object appears before our eyes, ih full description is instantly
available. Our sense of momentary mental time is flawed; our vision-agencies begin arousing
memories before their own work is fully done. For example, when you see a horse, a preliminary
recognition of its general shape may lead some vision-agents to start evoking memories about
horses before the other vision-agents have discerned its head or tail. Perceptions can evoke our
memories so quickly that we can't distinguish what we've seen from what we've been led to
recollect.

This explains some of the subjective difference between seeing and remembering. If you first
imagined a black telephone, you probably would not find it hard to reimagine it as red. But
when you see a black telephone and then attempt to think of it as red, your vision-systems
swiftly change it back! So the experience of seeing things has a relatively rigid character, in
contrast to the experience of imagining things. Every change that the rest of your mind tries to
impose upon your vision-agencies is resisted and usually reversed. Perhaps it is this descriptive
rigidity that we identify with "vividness" or "objectivity." I do not mean to suggest that this is
usually an illusion, because it often truly reflects the persistency and permanence of actual
physical objects. Sometimes, though, our sense of objectivity can get reversed-as when an
attitude or memory becomes more stable and persistent than what it represents. For example,
our attitudes toward things we love or loathe are often much less changeable than those things
themselves-particularly in the case of other people's personalities. In instances like these, our
private memories can be more rigid than reality.
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15.6 MANY KINDS OF MEMORY

We often talk of "memory" as though it were a single definite thing. But everyone has many
kinds of memories. Some things we know seem totally detached from time, like such facts as
that twelve inches make a foot or that a bull has dangerous horns. Other things we know seem
linked to definite spans of time or space, like memories of places where we've lived. Still other
recollections seem like souvenirs of episodes we can reexperience: "Once, when visiting my
grandparents,I climbed an old apple tree."

A brain has no single, common memory system. lnstead, each part of the brain has
several types of memory-agencies that work in somewhat different ways, to suit
porticular purposes.

Why do we have so many kinds of memory? If memories are records of our mental states of
earlier times, how are those records stored and kept? A popular image of memories is that they
are like objects we store away in various "places" in the brain. But then what are those places
like? How do memories get into them and come out again? And what takes place inside of the
vaults in which they're stored? Are memory banks like freezer chests where time stands still, or
do their contents interact? How long can our old memories remain; do some of them grow old
and die, do they get weak and fade away or just get lost and never found?

We have the impression that even our long-term memories become harder to recall as time
goes on, and that might lead us to suppose that they have some inherent tendency to fade
away. But even that is uncertain; it could simply be because so many other memories begin to
interfere with them. Most likely, some types of memory mechanisms retain the records of
sensations only for seconds; we use others to adopt habits, goals, and styles that we hold only
for days or weeks; and we make personal attachments that endure through many months or
years. Yet suddenly, from time to time, we'll modify some memories that seemed, till then,
quite permanent.

More evidence that there are many kinds of memory has come from accidental injuries to
brains. One injury may cause the loss of abilities to deal with names; another injury can make
you lose some capacity to recognize faces or to remember musical tunes; still other kinds of
injuries can leave unchanged what you have learned in earlier times but keep you from learning
anything more in some particular domain. There is evidence that long-term memories can
never form at all unless their short-term antecedents are permitted to persist for certain inter-
vals; this process can also be blocked by various drugs and injuries, and this is why some people

can never recollect what happened in the minutes before a brain concussion.
Finally, it appears that there are strong limitations on how rapidly we can construct our long-

term memories. Despite all the legends about prodigies, there seems to be no evidence from
any well-designed experiments that any human being can continue to construct long-term
memories, over any substantial interval of time, more than two or three times faster than the
average person.
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I5.7 MEMORY REARRANGEMENTS

Let's return to moving mental furniture. What would we need to imagine moving things

around a room? First we'd need some way to represent how objects are arranged in space. In
our Blocft-Arch scenario, the scene was represented in terms of the shapes of the obiects and
the relations between them. In the case of a room scene, you might also relate each object to
the walls and corners of the room; you might notice that the couch is about midway between a
table and a chair, and that all three are lined up near a certain wall.

Once we have a method for representing rooms, we also need techniques for manipulating
these representations. How could we envision the result of exchanging that couch and chair?
Let's oversimplify, and suppose that this can be done simply by exchanging the states of two
agencies-an agency A, which represents the couch, and another agency B, which represents
the chair. To exchange these states, let's assume that both agencies have access to two "short-
term memory-units," called M-l and M-2, which can record the states of agencies. Then we
can exchange the states of A and B, first by storing away the states A and B, and then by
restoring them in reverse order. In other words, we could use the following simple four-step
"script":

l. Store the state of A in M-1.
2. Store the state of B in M-2.
3. Use M-2 to determine the state of A.
4. Use M-| to determine the state of B.

A "memory-control script" like this can work only if we have memory-units that are small
enough to pick out couch-sized portions of the larger scene. M-l and M-2 would not do the job
if they could store only descriptions of entire rooms. In other words, we have to be able to
connect our short-term memories only to appropriate aspects of our current problems. Learn-
ing such abilities is not simple, and perhaps it is a skill some people never really master. What
if we wanted to rearrange three or more objects? As a matter of fact, it is possible to produce
Lny reafiangement whatsoever, using only operations that exchange two objects at a time!
When you approach an unfamiliar kind of problem, it's best to start by making only one or two
changes at a time. Then, in the course of becoming an expert, you discover schemes that make
several useful changes in memory at once.

Our pair-exchanging script needs more machinery. Because each memory-unit must wait
until the previous step is finished, the timing of each script step may have to depend on various
"condition sensors." Shortly we'll see that even this is not enough to solve hard problems; our
memory-control processes also need ways to interrupf themselves while they call on other
agencies or memories for help. Indeed, the problems we must solve when managing our mem-
ories are surprisingly like those we face when dealing with things in the outside world.
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Is.E ANATOMY OF MEMORY

What controls the working of the mind from one moment to the next? How do we keep our
place when doing complicated jobs, so that when interrupted from outside-or by another
thought from inside-we can "get back" to where we were, instead of having to start all over
again? How do we keep in mind which things we've tried and what we've learned along the way,
so that we don't go round and round in loops?

No one yet knows how memories control themselves inside our brain; perhaps each major
agency has somewhat different processes, each suited to the special kinds of iobs it does. The
diagram below suggests some of the sorts of memory-machinery we'd expect to find inside a
typical large agency.

Layers of
Long-Term
Memories

Signals" from
o t h e r a g e n c i e s - - - - l/lemory-Gontrol

Memorles

We'll assume that every substantial agency has several "micromemory-units," each of which
is a sort of temporary K-line that can quickly store or restore the state of many of the agents in
that agency. Each agency also has several "short-term memory-units," which can, in turn, store
or restore the states of the micromemories themselves. When any of these temporary memory-
units are reused, the information that was stored in them is erased-unless it has somehow
been "transferred" into more "permanent" or "long-term" memory-systems. There is good
evidence that, in human brains, the processes that transfer information into long-term memory
are very slow, requiring time intervals that range from minutes to hours. Accordingly, most
temporary memories are permanently lost.

A growing child acquires many ways to control all these mechanisms. Accordingly, our
diagram includes the flow of information among the other agencies. Since this memory-
controlling agency must also learn and remember, our diagram includes a memory-system for
it as well.
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I5.9 INTERRTTPTION AND RECOVERY

lmagine that you plan to take a trip. You start to think of how you'll pack your traveling case
and start some spatial problem-solving agency-callitPacker-to see how to fit the larger items
in. Then you interrupt yourself to think about your smaller things, perhaps of how to pack your
jewelry in a smaller box. Now Pacfter has to reapply itself to a new and different box-packing
problem. The problem of keeping track of what is happening is hard enough when one agency
calls on another one for help. Until the other's job is done, the first agency has to keep some
temporary record of what it was doing. In Packey's case the problem is even worse because it
interrupts itself to pack the smaller box. And here is the important point: when that second
packing job is done and we return to the first, we mustn't go all the way back to the very
beginning, or else we would be caught in a circular loop. Instead, we must return to the point
where we were when we intenupted ourselves-which means the system needs some memory to
keep track of what it was doing before. This is exactly the same problem we mentioned long
ago when Find and See had several different jobs to do at the same time.

Why do we so often get confused when we're interrupted? Because then we have to keep our
place in several processes at once. To keep things straighi, our memory-control machinery
needs intricate skills. Yet psychologically, we're unaware that ordinary thinking is so compli-
cated. [f someone asked, "What wds your mind iust doing?" you might say something like this:

"I wds thinking about packing that suitcase, and started to wonder if the umbrella
might fit. I remembered that on dn earlier trip,l managed to fit my camerd tripod
in the sdme cdse, and I tried to compare the umbrella and the tripod in my mind,
to see which one wds longer."

Now, this might be a true account of some of the things you were thinking about. But it says
little of how the mental work was actually done. To understand how thinking works, we'd really
need descriptions of the processes themselves:

" A few moments ago, I activated two micromemory-units inside Packer, one of my
space-ananging agencies, while also activating one of Packer's memory-control
scripts. This script proceeded to use the information inside those two micro-
memory-units as cues to fetch certain partial states from the long-term memory-
system attached to Packer. Next, the script controlling Packef s memory-system
requested a certain higher-level planning-agency to record most of Packei s present
state. Then it interchanged the contents of the two actiye micromemory units, and
then used other cues to fetch another, second script from long-term memory-and
thus erased the present copy of itself. The last step of that second script caused yet
another micromemory-unit to restore Packer to its previous state, so that the orig-
inal script could continue on its interrupted course. Then . ."

But no one ever says such things. The processes are too many levels away from those we use
to work the short-term memories involved with language and consciousness. We couldn't think
so if we wanted to-without knowing more about the anatomy of our memory-machinery.
Even if we had ways to represent those processes at higher levels, our memory-controls ro.,id
probably be overloaded by attempting, both at the same time, to solve a difEcult problern and
to remember everything that was done while solving it.

C O N S C I O U S N E S S  A N D  M E M O R Y I59



I5.IO TOSING TRACK

Whenever we solve complicated problems, we get into situations in which our agencies must
keep account of many processes at once. In computer programs, the many "subiobs" often
seem to pile up like the blocks of a tower. Indeed, computer programmers often use the word
"stack" to describe such situations. But I doubt that untrained human minds use anything so
methodical; in fact, we simply aren't very good at dealing with the kinds of situations that need
such memory-stacks. This could be why we get confused when hearing sentences like this:

This is the malt that the rat that the cat that the dog wonied killed ate.

The very same words can be rearranged to make an equivalent sentence anyone can under-
stand:

This is the dog that wonied the cat that killed the rat that ate the malt.

The first sentence is hard to understand because so many verb processes interrupt one
another that when the end of the sentence comes, three similar processes are still active-but
they have lost track of what roles should be assigned to all the remaining nouns, namely, the
rat, cat, and malt. Why do visual processes so rarely encounter similar difficulties? One rea-

son is that our visual-systems can support more simultaneously operating processes than our
language-systems can, and this reduces the need for any process to interrupt another one. A

second reason is that the vision-agencies can choose for themselves the sequence in which they

attend to details, whereas language-agencies are controlled by the person who is speaking.

lt takes each person many years to learn to use those memory-systems well. Younger children

certainly cannot keep track as well as adults. It's generally of little use to ask a pair of two-year-

olds to play together or to take turns at using a toy. We consider them to be too self-centered

and impatient for that. Surely much of their undisciplined impulsiveness comes from desires

that are less regulated than our own. But that impatience could also stem from insecurity about

memory: the child may fear that what it wants will slip from mind while other thoughts are

entertained. In other words, the child who is asked to "take turns" might fear that by the time

its turn arrives, it may not want the object anymore.
When people ask, "Could a machine ever be conscious?" I'm often tempted to ask back,

"Could 
"-p.iron 

ever be conscious?" I mean this as a serious reply, because we seem so ill

equipped io understand ourselves. Long before we became concerned with understanding how

we work, our evolution had already constrained the architecture of our brains. However, we

can design our new machines as we wish, and provide them with better ways to keep and

examine-records of their own activities-and this means that machines are potentially capable

of far more consciousness than we are. To be sure, simply providing machines with such

information would not automatically enable them to use it to promote their own development,

and until we can design more sensible machines, such knowledge might only help them find

more ways to fail: the easier to change themselves, the easier to wreck themselves-until they

learn to irain themselves. Fortunately, we can leave this problem to the designers of the future,

who surely would not build such things unless they found good reasons to'
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I5.I I THE RECI'RSION PRINCIPTE

Let's consider one last time how a mind could juggle nonexistent furniture inside an imagi-
nary room. To compare different arrangements, we must somehow maintain at least two
different descriptions in the mind at once. Can we store them in different agencies, both active
at the same time? That would mean splitting our space-arranging-agency into two different
smaller portions, each working on one of those descriptions. On the surface, there's nothing
clearly wrong with that. However, if those smaller agencies became involved with similar jobs,
then they, in turn, would also have to split in two. And then we'd have to do each of those lobs
with but one-quarter of a mind. If we had to divide agencies into smaller and smaller fragments,
each job would end up with no mind at all!

At first this might seem to be an unusual situation. But it really is very common. The best
way to solve a hard problem is to break it into several simpler ones, and break those into even
simpler ones. Then we face the same issue of mental fragmentation. Happily, there is another
way. We can work on the various parts of a problem in serial order, one after another, using
the same agency over and over again. Of course, that takes more time. But it has one absolutely
fundamental advantage: each agency can apply its full power to every subproblem!

The Recursion Principle; When a problem splits into smaller parts, then unless
one cdn apply the mind's full power to each subiob, one's intellect will get dispersed
and leaye less cleyerness for each new task.

Indeed, our minds don't usually shatter into helpless fragments when problems split into
parts. We can imagine how to pack a jewelry box without forgetting where it will fit into a
suitcase. This suggests that we can apply our full space-arranging resources to each problem in
turn. But how, then, do we get back to the first problem, after we've thought about the other
ones, without having to start all over again? To common sense the answer seems clear: we
simply "remember where we were." But this means that we must have some way to store, and
later re-create, the states of interrupted agencies. Behind the scene.s, we need machinery to
keep track of all the incomplete accomplishments, to remember what was learned along the
way, to compare different results, and to measure progress in order to decide what to do next.
All this must go on in accord with larger, sometimes changing plans.

The need to recall our recent states is why our "short-term memories" are short-term memo-
ries! In order to do their complex jobs so quickly and effectively, each micromemory-device
must be a substantial system of machinery, with many intricate and specialized connections. [f
so, our brains cannot afford to make too rnany duplicate copies of that machinery, so we must
reuse what we have for different iobs. Each time we reuse a micromemory-device, the infor-
mation stored inside must be erased-or moved to another, less costly place. But that would
also take some time and interrupt the flow of thought. Our short-term memories must work too
fast to have any time for consciousness.
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CHAPTER 7 5

EMOTION
Each emotion has its own world view.
Love includes and merges and nurtures
loy is light and dances even with the eyes
Crief heavy, hopeless, and the lungs empty, as is the heart
and Hate wants to destroy, to kill,
that is its very ndture

and almost involuntarily, matter of factly,
another part of me says
"es ist das hier ia nicht unbekannt."

-MeNpnro  C rvNBs



I6.I EMOTION

Why do so many people think emotion is harder to explain than intellect? They're always
saying things like this:

"I understand, in principle, how a computer might solve problems by reasoning.
But I can't imagine how a computer could haye emotions, or comprehend them.
That doesn't seem at all the sort of thing machines could eyer do."

We often think of anger as nonrational. But in our Challenger scenario, the way that Work
employs Anger to subdue S/eep seems no less rational than using a stick to reach for something
beyond one's grasp. Anger is merely an implement that Work can use to solve one of its
problems. The only complication is that Worft cannot arouse Anger directly; however, it discov-
ers a way to do this indirectly, by turning on the fantasy of Professor Challenger. No matter
that this leads to states of mind that people call emotional. To Worft it's merely one more way
to do what it 's assigned to do. We're always using images and fantasies in ordinary thought. We
use "imagination" to solve a geometry problem, plan a walk to some familiar place, or choose
what to eat for dinner: in each, we must envision things that aren't actually there. The use of
fantasies, emotional or not, is indispensable for every complicated problem-solving process. We
always have to deal with nonexistent scenes, because only when a mind can change the ways
things dpped"r to be can it really start to think of how to change the ways things cre.

In any case, our culture wrongly teaches us that thoughts and feelings lie in almost separate
worlds. In fact, they're always intertwined. In the next few sections we'll propose to regard
emotions not as separate from thoughts in general, but as varieties or types of thoughts, each
based on a different brain-machine that specializes in some particular domain of thought. In
infancy, these "protospecialists" have little to do with one another, but later they grow together
as they learn to exploit one another, albeit without understanding one another, the way Worft
exploits Anger to stop Sleep.

Another reason we consider emotion to be more mysterious and powerful than reason is that
we wrongly credit it with many things that reason does. We're all so insensitive to the complexity
of ordinary thinking that we take the marvels of our common sense for granted. Then, when-
ever anyone does something outstanding, instead of trying to understand the process of thought
that did the real work, we attribute that virtue to whichever superficial emotional signs we can
easily discern, like motivation, passion, inspiration, or sensibility.

In any case, no matter how neutral and rational a goal may seem, it will eventually conflict
with other goals if it persists for long enough. No long-term project can be carried out without
some defense against competing interests, and this is likely to produce what we call emotional
reactions to the conflicts that come about among our most insistent goals. The question is not
whether intelligent machines can have anv emotions, but whether machines can be intelligent
without any emotions. I suspect that once we give machines the ability to alter their own
abilities we'll have to provide them with all sorts of complex checks and balances. It is probably
no accident that the term "machinelike" has come to have hvo opposite connotations. One
means completely unconcerned, unfeelin g, and emotionless, devoid of any interest. The other
means being implacably committed to some single cause. Thus each suggests not only inhu-
manity, but also some stupidity. Too much commitment leads to doing only one single thing;
too little concern produces aimless wanderrng.
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16.2 MENTAT GROWTH

In ancient times it was believed that the newborn mind started out just like a full-grown
mind, except for not yet being filled with ideas. Thus children were seen as ignorant adults,
conceived with all their future aptitudes. Today, there are many different views. Some modern
theories see a baby's mind as starting with a single Self whose problem is to learn to distinguish
itself from the rest of the world. Others see the infant's mind as a place containing a horde of
mind-fragments, mixed together in a disconnected and incoherent confusion in which each
must learn to interact and cooperate with the others so that they can grow together to form a
more coherent whole. Yet another image sees the child's mind as growing through a series of
layerlike construction stages in which new levels of machinery are based and built upon the
older ones.

How do our minds form? Is every person born containing a hidden, built-in intellect iust
waiting to reveal itself? Or must minds grow in little steps from emptiness? The theories of the
next few sections will combine ingredients from both these conceptions. We'll start by envision-
ing a simple brain composed of separate "proto-specialists," each concerned with some impor-
tant requirement, goal, or instinct, like food, drink, shelter, comfort, or defense. But there are
reasons why those systems must be merged. On one side, we need administrative agencies to
resolve conflicts behveen the separate specialists. On the other side, each specialist must be
able to exploit whatever knowledge the others gain.

For a relatively simple animal, a loose-knit league of nearly separate agencies with built-in
goals might suffice for surviving in a suitable environment. But human minds don't merely
l."rr n.* ways to reach old goals; we can also learn new kinds of goals. This enables us to live
within a broader range of possible environments, but that versatility comes with its own dan-
gers. If we could learn new goals without constraint, we'd soon fall prey to accidents-both in
ihe world and inside our own minds. At the simplest levels, we have to be protected against
such accidents as learning not to breathe. On higher levels, we need protection against acquir-
ing lethal goals like learning to suppress our other goals entirely-the way that certain saints
and mystici do. What sorts of built-in self-constraints could guide a mind toward goals that will
not cause it to destroy itself?

No possible inheritance of built-in genes can tell us what is good for u3-!ss4u5e, unlike all

other animals, we humans make for ourselves most of the problems we face. Accordingly, each
human individual must learn new goals from what we call the traditions and heritages of our
peers and predecessors. Consequently our genes must build some sort of "general-purpose"

hachinery-through which individuals can acquire and transmit goals and values from one
generation to another. How could brain-machines transfer things like values and goals? The

next few sections suggest that this is done by exploiting the kinds of personal relationships we

call emotional, such as fear and affection, attachment and dependency, or hate and love.
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16.3 MENTAJ. PROTO-SPECI.AIISTS

Suppose you had to build an
your animal to do. Then you'd

artificial animal. First you'd make a list of everything you want
ask your engineers to find a way to meet each need.

This diagram depicts a separate agency for each of several "basic needs." Let's call them
"proto-specialists." Each has a separate mini-mind to do its job and is equipped with special
sensors and effectors designed to suit its specific needs. For example, the proto-specialist for
Thirst might have a set of parts like these:

It would not usually be practical to make an animal that way. With all those separate special-
ists, we'd end up with a dozen different sets of heads and hands and feet. Not only would it cost
too much to carry and feed all those organs; they'd also get in one another's wayl Despite that
inconvenience, there actually do exist some animals that work this way and thus can do many
things at once. Genetically, the swarms of social ants and bees are really multibodied individuals
whose different organs move around freely. But most animals economize by having all their
proto-specialists share common sets of organs for their interactions with the outer world.

Another kind of economy comes from allowing the proto-specialists to share what they learn.
Whether you seek warmth, safety, nutrition, or companionship-eventually you'll have to be
able to recognize and act in order to acquire the objects you need. So even though their initial
goals are entirely different, all those different proto-specialists will end up needing to solve the
same sorts of "subproblsp5"-511sh as finding ways around obstacles and deciding how to
conserve limited resources. Whenever we try to solve problems of increasing complexity, what-
ever particular techniques we already know become correspondingly less adequate, and it
becomes more important to be able to acquire new kinds of knowledge and skills. In the end,
most of the mechanisms we need for any highly ambitious goal can be shared with most of our
other eoals.

When a dog runs, it moves its legs.
When a sea urchin runs, it is moyed by its legs.

- l e , r o B  v o N  U E x x U r - r -
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16.4 CROSS-EXCLUSION

An ordinary single-bodied animal can only move in one direction at a time, and this tends to
constrain it to work toward only one goal at a time. For example, when such an animal needs
water urgently, its specialist for "thirst" takes control; however, if cold is paramount, finding
warmth takes precedence. But if several urgent needs occur at once, there must be a way to
select one of them. One scheme for this might use some sort of central marketplace, in which
the urgencies of different goals compete and the highest bidder takes control. However, that
strategy is prone to fall into a funny, fatal indecisiveness. To see the problem, imagine that our
animal is both very hungry and very thirsty.

Suppose that our animal's hunger is, at first, iust slightly more urgent than its
thirst . So i f sets out on a trek toward the N orth Plain, where food is usually found.
When it anives and takes a bite of food, its thirst instantly takes precedence over
its need for food!
Now that thirst has top priority, our animal sets out on the long iourney toward
South Lake. But once it anives and takes one satisfying sip, the balance instantly
tips back to food! Our animal is doomed to iourney back and forth, getting hungrier
and thirstier. Each action only equalizes eyer-growing urgencies.

This would be no problem at a dinner table, where food and drink are both within easy reach.
But under natural conditions, no animal could survive the waste of energy, when every minor
fluctuation caused a major change in strategy. One way to manage this would be to use that
"marketplace" infrequently-but that would make our animal less capable of dealing with
emergencies. Another way is to use an arrangement called cross-exclusion, which appears in
many portions of the brain. In such a system, each member of a group of agents is wired to
send "inhibitory" signals to all the other agents of that group. This makes them competitors.
When any agent of such a group is aroused, its signals tend to inhibit the others. This leads to
an avalanche effect-as each competitor grows weaker, its ability to inhibit its challengers also
weakens. The result is that even if the initial difference between competitors is small, the most
active agent will quickly "lock out" all the others.

ln each case, the aetivity of
the shaded agent suppresses
the activity of its competitors,
through the inhibitory connections.

Two Examples of Gross-Exclusion

Cross-exclusion arrangements could provide a basis for the principle of "noncompromise" in
regions of the brain where competitive mental agents lie close together. Cross-exclusion groups
can also be used to construct short-term memory-units. Whenever we force one agent of such
a group into activity, even for a moment, it will remain active (and the others will remain
suppressed) until the situation is changed by some other strong external influence. Weaker
external signals will have scarcely any effect at all because of resistance from within. Why call
this a short-term memory if it can persist indefinitely? Because when it does get changed, no
trace will remain of its previous state.
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16.5 AVAI.ANCHE EFFECTS

Few of the schemes we've discussed would actually work if they were built exactly as they
were described. Most of them would soon break down because virtually all their agents would
become engaged into unconstrained activity. Suppose each typical agent tends to arouse several
others. Then each of those would turn on several more-and each of those would turn on yet
others; the activity would spread faster than a forest fire. But all that activity would accomplish
nothing, since all those agents would interfere with each other and none of them could gain
control of the resources they need. Indeed, this is more or less what happens in an attack of
epilepsy.

Similar problems arise in every biological system. Each simple principle or mechanism must
be controlled to operate within some limited range. Even little groups of genes embody schemes
to regulate the quantities of proteins they cause to be manufactured inside every cell. We find
the same pattern repeated on every scale. Every biological tissue, organ, and system is regulated
by several kinds of control mechanisms, and wherever these fail we find disease. What normally
protects our brains from such avalanches of activity? The cross-exclusion scheme is probably
the most usual way to regulate the levels of activities within our agencies. But there are also
several other frequently encountered schemes to prevent explosions.

Conservation: Force all activities to depend upon some substance or other kind of
quantity of which only a certain amount is available. For example, we controlled
our Snarc machine by setting a limit on the total electric cunent available to all
the agents; this permitted only a few of them to be actiye at any particular moment.

Negative Feedback: Supply d "summary" device that estimates the total activity
in the dgency and then broadcasts to that dgency an "inhibitory" signal whose
strength is in proportion to that total. This will tend to damp down incipient
ayalanches.

Censors and Suppressors: The "conserydtion" and "feedback" schemes tend to be
indisuiminate. Later we'Il discuss methods that are more sensitiye and yersatile in
learning to recognize-and then to attoid-specific patterns of actitity that have
led to trouble in the past.

These methods are simple enough to be applied inside small societies, but they are not
versatile enough to solve all the management difficulties that can arise in the more complex
societies we need for learning to solve harder problems. Fortunately, systems built upon larger
scales may be able to apply their own enhanced abilities to managing themselves-by formulat-
ing and solving their own self-regulation problems. In the next few sections we'll see how such
capacities could grow in the course of several stages of development. Not all of this need happen
independently inside each separate child's mind, because that child's family and cultural com-
munity can develop self-regulation schemes of great complexity. All human communities seem
to work out policies for how their members ought to think, in forms that are thought of as
common sense or as law, religion, or philosophy.
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I6,6 MOTTVATION

Imagine that a thirsty child has learned to reach for a nearby cup. What keeps that child,
afterward, from reaching for a cup in every other circumstance-say, when it is lonely or when
it is cold? How do we keep separate what we learn for satisfying different goals? One way is to
maintain a separate memory bank for every distinct goal.

&pante Knowledge Banks for Every proto-qecialist

To make this work, we must restrict each specialist to learn only when its own goal is active.
We can accomplish that by building them into a cross-exclusion system so that,-for example,
Hunger's memories can be formed only when Hunger is active. Such a system'will never'gei
confused about which memories to use. When it is hungrv it will do only what it learned to do
at previous times when it was hungry; it won't eat when it is thirsty or drink when it is hungry.
But it would be too extravagant to have to keep completely different memories for every go"t-
since, as we said, most real-world goals engage the same kinds of knowledge about the world.
Wouldn't it be better if all those specialists could share a common, general-purpose memory?

Knowledge-Bases Growing into One Another

This would lead to problems, too. Whenever any specialist tried to rearrange some memories
to its own advantage, it might damage structures upon which the others havi come to depend.
There would be too many unpredictable interactions. How could specialists cooperate and
share what they have learned? If they were like people, they could communicate, negotiate,
and organize. But because each separate specialist is much too small and specialized to under-
stand how the others work, the best each can do is learn to exploit whai the others can do,
without understanding how they do it.
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T6.7 EXPTOITATION

How could any specialist cooperate when it doesn't understand how the others work? We
manage to do our worldly work despite that same predicament; we deal with people and ma-
chines without knowing how their insides work. It's just the same inside the head; each part of
the mind exploits the rest, not knowing how the other parts work but only what they seem to
do.

Suppose Thirst knows that water can be found in cups-but does not know how to find or
reach for a cup; these are things only FindandGet can do. Then Thlrst must have some way
to exploit the abilities of those other agents. Builder, too, has a similar problem because most
of its subagents cannot communicate directly with one another. It would be easy for Thitst or
Builder simply to turn on other agents like Find and Get. But how will those subordinates know
what to find or get? Must Thirst transmit to Find a picture of a cup? Must Builder send a picture
of a brick? The trouble is that neither Builder nor Thirst is the sort of agent to contain the kind
of knowledge required by Find-namely, the visual appearances of things. That kind of knowl-
edge lies inside the memory-machinery of See. However, Thirst can achieve its drinking goal by
activating fwo connections: one to cause See to "hallucinate" a cup and another connection to
activate Find. Find itself can activate Getlater. This should suffice for Thirst to locate and
obtain a cup-if there is one in sight.

RCDPILli:cui,sfpre,i:ii toiotiafi :,:alr:i?ft|?;

ffilAFjo|,:,cai 'freachi:fot,liltt

This scheme could be unreliable. If See became concerned with another obiect at that

moment, Gef would acquire the wrong object. Infants often disappoint themselves this way.

Still, this scheme has the kind of simplicity one needs when starting to build any larger skill:

one needs a process that sometiines works before one can proceed to improve it.
This is merely a sketch of how to build an automatic "getting machine." We'll return to this

idea much later, when we discuss language, because what Thirsf and Builder have to do

resembles what people do when using words. When you say to another person, "Please pass the

cup," yor don't emit a picture of a cup but merely send a signal that exploits the other person's

memory.
Achieving a goal by exploiting the abilities of other agencies might seem a shabby substitute

for knowing how to do the work oneself. Yet this is the very source of the power of societies.
No higher-level agency could ever achieve a complex goal if it had to be concerned with every
small detail of what each nerve and muscle does. Unless most of its work were done by other
agencies, no part of a society could do anything significant.
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16.8 STrMUrus vs. SIMULUS

- We've just seen how one agency could exploit another one by focusing its attention on some
obiect in the outer world. Thus Thirst can make Get reach foi 

" ",rp-irovided 
there's 

".upin view. But what about that fantasy about Professor Challenger, ir, rhich there was no real
villain on the scene, but just a memory? Apparently one agency can activate another merely by
imagining a stimulus! One way to do this would be for Anger to somehow construct an artificial
picture that other agencies like See could "see." If this weie done with enough detail, the other
agents couldn't tell that the image wasn't genuine. However, to construct the sorts of images
we see on television screens, we'd have to activate a million different sensory nerves, which
would require a huge amount of machinery. Besides, r. .olld do more with le;s:

A fantasy need not reproduce the fine details of an actual scene. lt need only
reproduce that scene's effect on other agencies.

. Fantasies usually "depict" occurrences we've never seen. They need no detailed, realistic
images-since the higher levels of the mind don't really "see" things anyway! Instead, they deal
with summaries of signals that come from sensory experien". ,nd aie condensed at several
levels along the way._ln-th-e fantasy of Professot ih"ll..rg.r, there was no need to see any of
the actual features of Challenger himself; it was enough Io ..produce some sense of how his
presence once affected us.

. What kind of process could reproduce the effect of an imaginary presence? Although scien-
tists don't yet know the fine details of how our vision-systemi *oit, we can assume lhat they
involve a number of levels, perhaps like this:

-- First, rays of light excite sensors in our retinas.
--- Then, other agents detect boundaries and textures.
---- Then, yet other agents describe regions, shapes, and forms.
----- Then, some memory-frames recognize famiiiar obiects.
------ Next, we recognize structural relationships among those objects.
---- Finally, we relate these structures to functions and goals.

Accordingly, it would be possible to produce illusions by operatin g at any of these levels.
Most difficult of all would be to construct a "picture-image"'by arousin!, from inside the brain,
the million lowest-level sensor-agents involved in real-wo*rld vision. Perf,aps the simplest way oi
all would be to force iust the highest-level vision-agents into whichever states would result from
seeing a certain scene: this would only require some suitable KJines. Let's call this a simulus-
a reproduction of only the higher-level effects of a stimulus. A simulus at the very highest levels
could lead a person torecollect virtually no details about a remembered object or event, yet be
able to apprehend and contemplate its most significant structures and relationship, .hil. .r-
periencing a sense of its presence. A simulus may have many advantages over a picture-image.
Not only can it work more swiftly while using less machinery, but *" Irn combine the parts"of
several simuli to imagine things we have never seen before-and even to imagine things that
couldn't possibly exist.
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16.9 INFANT EMOTIONS

A child forsaken, waking suddenly,
Whose gaze afeard on all things round doth rove,
And seeth only that it cannot see
The meeting eyes of love.

- G s o n c n  E l r o r

Some readers may be horrified at picturing a baby's mind as made up of nearly separate
agencies. But we'll never understand how human natures grow without some theories for how
they start. One evidence for separateness is how suddenly infants switch from smiles of con-
tentment to shrieks of hunger-rage. In contrast to the complex mixtures of expressions that
adults show, young children seem usually to be in one or another well-defined state of activity
-contentment, hunger, sleepiness, play, affection, or whatever. Older children show less
sudden mood changes, and their expressions suggest that more different things are happening
at once. Our minds may thus originate as sets of relatively simple, separate need machines. But
soon enough each becomes enmeshed in all the rest of our growing machinery.

How should we interpret an infant's apparent single-mindedness? One explanation of those
striking shifts in attitude is that one agency attains control and forcibly suppresses the rest.
Another view is that many processes continue at once-but only one at a time can be ex-
pressed. It would be more efficient to keep the whole array of proto-specialists at work. Then
each would be more ready to assume control in case of an emergency.

What would be the advantage in a mechanism that makes a baby conceal that mixture of
emotions, expressing only one of them at a time? Perhaps that artificial sharpening promotes
the child's welfare by making it easier for the parent to respond to whichever problem has the
greatest urgency. It's hard enough to know what infants want, yet think how much harder it
would be if they confronted us with complicated expressions of mixed feelingsl Those infants'
very lives-and, in turn, our own lives*depend upon their expressing themselves clearly. To
achieve that clarity, their agencies must be equipped with powerful cross-exclusion devices to
magnify small differences that make it clear which needs come first. This leads to simple
"summaries"-which manifest themselves as drastic changes in appearance, voice, and mood
that others can interpret easily. And this is why, under circumstances in which adults merely
frown, babies tend to shriek.

Given that tho.se signs are clear, what forces us to respond to them? To help their offspring
grow, most animals evolve two matching schemes: communication is a two-way street. On one
side, babies are equipped with cries that can arouse parents far away, out of sight, or sound
asleep-for along with sharpening those signs, cross-exclusion also amplifies their intensity.
And on the other side, adults are made to find those signals inesistible; there must be special
systems in our brains that give such messages a high priority. To what might those 

-baby-

watching agents be connected? My guess is that they're wired to the remnants of the same
proto-specialists that, when aroused, caused us as infants to cry in the first place. This leads
adults to respond to babies' cries by attributing to them the same degrees of urgency that we
ourselves would have to feel to make us shriek with similar intensity. This drivis the babies'
caretakers to respond to their needs with urgent sympathy.
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16.10 ADT'IT EMOTIONS

Since emotions are few and redsons dre mdny (said the
robot, Giskard), the behavior of a crowd can be more
easily predicted than the behavior ofone person cdn.

- I s a e c  A s r r u o v

What are emotions, anyway? Our culture sees this question as a deep and ancient mystery.
How could the idea of society of mind contribute to what our ancestors have said? Common-
sense psychology has not even reached a consensus on which emotions exist.

Restlessness
Curiosity
Infatuation
Impatience
Excitement

Fear
Hate
Anger
Love
Greed

Gladness
Enthusiasm
Admiration
Boredom
Reverence

]ealousy
Ambition
Laziness
Contempt
Anxiety

Sorrow
Thirst
Disgust
Hunger
Lust

If there exists anger, what constitutes rage? How does fear relate to fright, terror, dread,
dismay, and all such other awful things? How does love relate to reverence or to attachment or
infatuation? Are these just various degrees of intensity and direction, or are they genuinely
different entities that happen to be neighbors in an uncharted universe of affections? Are hate
and love quite separate things, or, similarly, courage and cowardice-or are these merely pairs
of extremes, each iust the absence of its peer? What are emotions, anyway, and what are all the
other things we label moods, feelings, passions, needs, or sensibilities? We find it hard to agree
on the meanings of words like these, presumably because few of them actually correspond to
clearly distinct mental processes. Instead, when we learn such words, we each attach to them
variously different and personal accumulations of conceptions in our minds.

Infants'early emotion signs clearly signify their needs. We later learn to use such signals in
more exploitative ways. Thus you can learn to use affection or anger as a social coin in trade
for various accommodations; for example, one can pretend to be angry or pleased, or even offer
-that is, threaten or promise-to become angry or affectionate in certain circumstances. Our
culture is ambivalent about such matters; on one side we're taught that emotions should be
natural and spontaneous; on the other side we're told that we must learn to regulate them. We
recognize in deeds (though not in words) that feeling may be easier to understand and modify
than other parts of intellect. We censure those who fail to learn to control their emotions but
merely pity those whose problem-solving capabilities are poor; we blame for "lack of self-
control," but not for "weakness of intelligence."

Our earliest emotions are built-in processes in which inborn proto-specialists control what
happens in our brains. Soon we learn to overrule those schemes, as our surroundings teach us
what we ought to feel. Parents, teachers, friends, and finally our self-ideals impose upon us new
rules for how to use the remnants of those early states: they teach us how and when to feel and
show each kind of emotion sign. By the time we're adults, these systems have become too
complicated to understand. By the time we've passed through all those stages of development,
our grown-up minds have been rebuilt too many times to remember or understand much of
how it felt to be an infant.
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CHAPTER 1 7

DEVETOPMENT
To the child, Nature gives various medns of rectifying dny
mistakes he may commit respecting the salutary or hurtful

qualities of the obiects which sunound him. On etery occasion
his iudgments are conected by experience; want and pain are

the necessary consequences arising from false iudgment;
gratification and pleasure are produced by iudging aright.

Under such masters, we cannot fail but to become well
informed; and we soon learn to reason iustly, when want and

pain are the necessary consequences of a contrary conduct.

In the study and practice of the sciences it is quite different;
the false iudgments we form neither affect our existence nor our

welfare; and we are not forced by any physical necessity to
conect them. lmagination, on the contrary, which is eyer

wandering beyond the bounds of truth, ioined to self-Iotte and
that self-confidence we dre so apt to indulge, prompt us to draw
conclusions that are not immediately derived from facts. . . .
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I7.I SEOUENCES OF TEACHING.SETVES

Up to this point we've portrayed the mind as made of scattered fragments of machinery. But
we adults rarely see ourselves that way; we have more sense of unity. In the next few sections
we'll speculate that this coherency is acquired over many "stages of development. " Each new
stage first works under the guidance of previous stages, to acquire some knowledge, values, and
goals. Then it proceeds to change its role and becomes a teacher to subsequent stages.

APPARENr SPUBTS
OF GROWTH

Overlapptng Sfages of Development

How could an early stage teach anything to a later one when it knows less than its student
does? As every teacher knows, this is not as hard as it might seem. For one thing, it is usually
easier lo recognize a solution to a problem than to discover a solution; this is what we called the
"puzzle principle." A teacher need not know how to solve a problem to be able to reward a
student for doing so or to help the student search for solutions by imparting ways to sense
when progress has been made. Even better is for the teacher to impart new goals to the student.

How could an early stage of development affect the goals of a later stage? One simple way
would be to give each later stage some access to the goals of earlier stages; however, those early
goals would then remain infantile. How could later stages develop more advanced goals? Shortly
we'll see an astonishing answer: it is not necessary to formulate more advanced goals at "higher
levels" of organization because they are likely to develop spontaneously, as subgoals of relatively
simple goals.

In any case, it wouldn't be safe to send the student into the world equipped with systems that
have not yet been tried and tested. A safer strategy would be to keep each new stage suppressed
-that is, incapable of controlling the child's actual behavior-rntil it passes tests to verify that
it is at least as capable as its predecessor. This could explain some of those apparently sudden
"spurts" in our children's development-for example, in episodes of rapid growth of language
skills. That apparent speed could be illusory if it were merely the end result of longer, hidden
projects carried out silently inside the mind.

Returning to our sense of Self, how could so many steps and stages lead to any sense of
unity? Why wouldn't they lead us, instead, to feel increasingly fraglnentary and dispersed? I
suspect the secret is that after each old stage's work is done, its structure still remains available
for further use. These remnants of our prior selves provide us with a powerful resource: when-
ever one's present mind gets confused, it can exploit what once was used by earlier minds.
Even though we weren't as smart then as we are now, we can be sure that every stage once
had, in its turn, some workable ways to manage things.

One's present personality cannot share many of the thoughts of all one's older
personalities-and yet it has some sense that they exist. This is one redson why we

feel that we possess an inner Self-a sort of erer-Present person-friend, inside the
mind, whom we cdn always ask for help.
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I7.2 ATTACHMENT-LEARMNG

Suppose a child were playing in a certain way, and a stranger appeared and began to scold
and criticize. The child would become frightened and disturbed and try to escape. But if, in
the same situation, the child's parent arrived and proceeded to scold and criticize, the result
would be different. Instead of being frightened, the child would feel guilty and ashamed, and
instead of trying to escape, the child would try to change what it was doing, in attempts to seek
reassurance and approval.

I suspect that these two scenarios engage different learning mechanisms. In the encounter
with the forbidding visitor, the child might learn "/ should not try to achieve my present goal in
this kind of situation " But when scolded by someone to whom the child is "attached," the
child might learn "f ought not to want to achieve that goal at all!" In the first case, it is a matter
of learning which goal to pursue in which circumstance; in the second instance, it is more a
question of what goals one should have. If my theory is right, the presence of the attachment-
person actually switches the effect of learning over to different sets of agents. To see the
difference, let's make a small reformulation of the concept of a difference-engine to represent
three different kinds of learning that an infant might use.

OUTSIDE
INPUTS

Key fig. from p. 159

In the case of ordinary forms of failure or success signals, the learner modifies fhe
methods used to reach the goal.

In the case of fear-provoking disturbances, the learner may modify the description
of the situation itself.

In the case of attachment-related failure or reward
which goals are considered worthy of pursuit.

--+
-|>

-+
-4

So far as I know, this is a new theory about attachment. It
types of learning that can proceed only in the presence of the
one has become attached.

the learner modifies

asserts that there are particular
particular individuals to whom

AGEilT

F
DESCRIPTIONS OF SITUATIONS

alters which subagents
are selected.

DESCRIPTIONS OF GOALS ATTACHMENT
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17.3 ATTACHMENT SIMPIJFIES

No form of behavior is accompanied by stronger feeling than is
attachment behavior. The figures towards whom it is directed are
Ioved and their advent is treated with ioy. So long as a child is in

the unchallenged presence of a principal attachment-figure, or
within easy reach, he feels secure. A threat of loss creates anxiety,
and actual loss, sonow; both, moreoyer, are likely to arouse dnger.

- J o u N  B o w L s y

Most higher animals have evolved instinctive "bonding" mechanisms that keep the young-
sters close to the parents. Human infants, too, are born with tendencies to form special attach-
ments; all parents know their powerful effects. Early in life, most children become attached to
one or a few family members or caretakers, sometimes so firmly that for several years such
children may never stray more than a few meters from the attachment-figure. During those
years, a prolonged separation of the child from those particular persons may be followed by an
enduring depression or disturbance, during which the child's personality does not develop
normally.

What is the function of childhood attachment? The simplest explanation is that it evolved to
keep children within a safe sphere of nurture and protection. But according to our theory, our
human bond machinery has the additional function of forcing children to acquire values, goals,
and ideals from particular older individuals. Why is this so important? Because even though
there are many ways a child could learn about ordinary causes and effects, there is no way for a
child to construct a coherent system of values-except by basing it upon some already existing
model. The task of constructing a "civilized personality" must be far beyond the inventive
power of any single individual. Furthermore, if too wide a variety of adult models were avail-
able, it would be too hard to build a coherent personality of one's own, because one would
have to pick and choose fragments from all those different personalities-and this might lead
to so many conflicts and inconsistencies that many of them would cancel each other out. It
would simplify the child's task if the attachment mechanism restricted attention to only a few
role models.

How did our attachment-bonds evolve? In many species of animals, attachment occurs so
swiftly and firmly that scientists who study animal behavior call it "imprinting." Presumably,
the machinery that makes us learn our parents' goals is descended from the mechanisms of our
animal ancestors. Presumably our infantile attachment-bonds form as soon as various inborn
systems learn to distinguish the parents' individual peculiarities-first by senses of touch, taste,
and smell; then by sound of voice and, finally, by sight of face.

Once those attachment-bonds are formed, a child won't react in the same way to the faces
and voices of strangers and parents, for these have different effects on how we learn. The effect
of an attachment-person's affection or rejection is not like that of ordinary "success-failure"
goal-rewards-which merely teach us what to do in order to achieve our goals. Attachment-
related signals seem to work directly on those goals themselves-and thus can modify our
personalities. Attachments teach us ends, not means-and thus impose on us our parents'
dreams.
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17.4 FUNCTIONAI.ATITONOMY

We've talked about some ways to learn goals from other people. But how do we come to

make goals for ourselves? It seems simple enough always to move from goal to subgoal-but

how ciuld one go the other way, moving outward to find new kinds of goals? Our answer may

seem strange atkrst: there is a sense in which we never really need to invent new "high-level"

goals at aill ttris is because, in principle, at least, it is enough to keep inventing lowerJevel

iubgoals for problems that we have to solvel Here is why this need not limit our ambitions:

Functional Autonomy. In the course of pursuing any sufficiently complicated

problem, the subgoals that engage our attentions cdn become both increasingly'more 
ambitious and increasingly detached from the original problem.

Suppose a baby's initial goal was to reach a certain cup. This could lead to the subgoal of

lrarnirrg how to move the arm and hand efficientlv, which, in turn, could lead to sub-subgoals

of learriing to move around obstacles. And this could keep growing into increasingly general

and abstra"ct goals of learning how to understand and manage the physical world of space and

time. Thus one can begin with a lowly goal, yet end up with some sub-subgoals that lead our

minds into the most ambitious enterprises we can conceive.
This can also happen in the social realm. The same baby can form, instead, the subgoal of

engaging another p..rort" help in bringing it that drinking cup. This can lead to trying to find

r"-. efiective ways to influence that other person-and thus the child could become con-

cerned with representing and predicting the motives and dispositions of other people. Again, a

relatively mod-est drinking goil 
"".r 

lead to a larger competence*this time in the realm of

comprehending social interactions. An initially simple concern with personal comfort becomes

transformed into a more ambitious, less self-centered enterprise.

Yirtually any problem wilt be edsier to solve the more one learns about the context

world in which that problem occurs. No matter what one's problem is, provided

that it's hard enough, one always gains from learning better ways to learn.

Many of us like to believe that our intellectual enterprises lie on higher planes than our

everyday activities. But now we can turn that academic value-scheme upon its head. When we

get iighi down to it, our most abstract investigations can be seen as having origins in finding

t."r,i to ordinary ends. These turn into what we regard as noble qualities when they gain

enough functional autonomy to put their roots aside. In the end, our initial goals matter

,""t..]y at all, because no matter what our original obiectives, we can gain more by becoming

better able to predict and control our world. It may not even matter whether an infant was

initially inclined to emulate or to oppose a parent, or was first moved primarily by fear or by

affection. The implements of accomplishment are much the same in either case. Knowledge is

power. Whatever one's goals, they will be easier to achieve if one can become wise, wealthy,

and powerful. And these in turn can best be gained by understanding how things work.
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I7.5 DEVETOPMENTAI, STAGES

On the surface, the theories of fean Piaget and Sigmund Freud might seem to lie in different
scientific universes. Piaget seems to be concerned almost wholly withintellectual matters, while
Freud studies emotional mechanisms. Yet the differen..r ri. not really clear. It is widely
understood that emotional behavior depends on unconscious machirr.ry, b,rt we do not so
often recognize that ordinary "intellectual" thinking also depends on mechanisms that are
equally hidden from introspection.

In any case, despite their differences, both these great psychologists asserted that every child
proceeds through "stages" of mental development. And iurely .uiry p"rr.rt notices how chil-
dren sometimes seem to stay the same but at other times appear to change more rapidly. Rather
than review particular theories of how children progress thiough stages, Iet's look ai the concept
of "stage" itself.

Why can't t^)e grow by steady, smooth development?

I'll argue that nothing so complex as a human mind can grow, except in separate steps. One
reason is that it is always dangerous to change a system that alreidy works. Suppose you
discover a new idea or way to think that seems useful enough to justify building more skills that
depend on it. What happens if, later, it should turn out that this idea has r ,.rio,r, flaw? How
could you restore your previous abilities? One way might be to maintain such complete records
that you could "undo" all the changes that were made-but that wouldn't work if those changes
had already made your quality of thought so poor that you couldn't recognize how poor it h;d
become. A safer way would be to keep some older versions of your previous mind intact as you
constructed each new version. Then you could "regress" to a previous stage in case the new
one failed, and you could also use it to evaluate the performance of the new stage.

Another conservative strategy is never to let a new stage take control of actual behavior until
there is evidence that it can outperform its predecessor. What would an outside observer see if
a child employed this strategy? One would observe only "plateaus," during which there were
few apparent changes in behavior, followed by "spurts oi growth" in which new capacities
emerge suddenly. Yet that appearance would be illusory, since the actual times of development
would occur within those silent periods. This scheme has the great advantage of permitting the
child to continue to function during mental growth and, thus, maintain "business during
renovations." Each working version can hold stil l while new ones safely move ahead

This applies to every large organization, not only to those involved in a child's development.
Given a community that is already functioning, it is always dangerous to make more than a few
changes at once. Each change is prone to have some harmful side effects on other systems that
depend on it. Some of those side effects may not become apparent until so many of them have
accumulated that the system has deteriorated past any point of turning back. Accordingly, it is
better to stop from time to time to make inspections and repairs. The same is true for learning
any complex skill; unless your goal is held unchanged for long enough, you won't have timi
enough to learn the skills required to accomplish it. It simply isn't practical to make minds grow
by steady, smooth development.
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T7.6 PRERESUISITES FOR GROWTH

What controls the pace of mental growth? Although some aspects of development depend on

external circumstances a.rd others ieem to happen only by chance, certain aspects of our

growth seem almost to proceed relentlessly from stage to stage, as though those stages were

ii.Jerti".d. This brings us back to asking why development proceeds in stages at all.

One reason a skill -""y grorv in steps isihatit needs "prerequisites." You cannot start to build

a house by placing its roJf on top; f,rst you have to build some walls. That's not an arbitrary

rule; it's inhlrent in the enterprise. It is the same for mental skills; some processes cannot be

learned until certain other pro".rr., become available. Many of Piagefs theories were based

o" ttir suspicion that certain concepts had prerequisites. For example, he argued that a child

must possess ideas about which operationi are reversible before that child can grow good

"o"""ptr 
about how quantities are conserved. Hypotheses like these led Piaget to do his great

experiments. But consider how easily those experiments could have been done a thousand

fears b.fore; the only equipment they required were children, water, and various iars. Were

Piaget's ideas prerequisites for conceiving those experiments?- 
fo b"ild a iood 

'society-of-More, 
it simply would not be practical for a child to introduce

those middle-Lvel agents'Appearance and History until some lowerlevel agents such as Tall,

ihir,No Loss, and fleversibtehadbecome available. Before that stage, there would be nothing

for those managers to do! To be sure, that isn't strictly true, just as one could start to construct

a house with a roof, by using temporary scaffolding and later building the house's sides. We

can never be absolutely sure of *hrt a skill's prerequisites must be-and this will always com-

plicate psychology.
The i""ror, *. k.ro* so little about how children's minds grow is that we can't observe the

processes that are responsible. It could take several years to refine a new agency, and during

ihrt ti-", the child's 
-behavior 

will be dominated by other processes in other agencies, which

are themselves growing through their own, overlapping stages of development. A serious prob-

lem for the psyJhologiit is thit certain types of mental growth can never be directly observed at

all. This 
"pililr, 

in particular, to those all-important "B-brain" processes with which we learn

new ways [o l.arr,. dnly the indirect products of this ever appear in the child's actual behavior,

and even these may not become overt until long after that higher-level growth has occurred.
perhaps most difficult of all is detecting the development of suppressors and censors. See 27.2.

It is hard enough to analyze what people do, but it is almost impossible to recognize the things

they never do.
To make matters worse, many of the "stages of development" that we actually observe do not

really exist. From time to time, each parent has the illusion that a child has suddenly changed,

when this is only the result of not observing several smaller, real changes in the past' In such a

case, if there exists a "stage of growth," it is inside the parent's mind, and not in the child at all!
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17.7 GENETIC TIMETABLES

When we first introduced Papert's principle-that is, the idea of growing by inserting new
levels of management into old agencies-we did not ask when rr.*i"y.., ihouft be built. If
managers are inserted too soon, when their workers are still immature, iittle will get done. And
if those managers come too late, that, too, would delay the mental growth. Whai could ensure
that managers are not engaged too late or too soon? We all know 

"hild."n 
who seem to have

matured too quickly or too slowly, in various respects, to match other areas of their growth. In
an ideal system, each developing agency would be controlled by another agency equipped to
introduce new agents iust when they're needed-that is, when enough ftis UeL" learned to
iustify the start of another stage, In any case, it would surely be disastious if all our potential
capacity to learn became available too soon. If every agent could learn from birth, they'd all be
overwhelmed by infantile ideas.

One way to regulate such things would be to actuate new agencies at genetically predeter-
mined times. At various stages of biological "maturity," certiin classes"of agents would be
enabled to establish new connections, while others would be forced to slow t"heir growth by
making permanent connections that, ti l l then, had been reversible. Could 

"ny 
ilo.k*orl

scheme like this be guaranteed to work? Consider the fact that most of our children acquire
agents like Reverslble andConfined before they are five years old. For fhose children, at least,
it would suffice to activate new intermediatelevel agents at that age, so those children could
proceed to build agents like Appearance andHistory. However, children who weren't ready yet
would then be slightly handicapped by being forced to build some less-than-usually effectiue
Societies-of-More' Nor would that rigid maturation-scheme serve well those children who had
already moved "ahead of schedule." It would be better to have systems in which the timing of
each stage depends on what has actually happened earlier.

One way a stagelike episode might start could stem from what we called the tnvestment
principle: once a certain skill surpasses all its close competitors, it becomes increasingly likely
to be employed-and thereby increases its opportunitiis to develop even further. This self-
enhancing effect can cause a spurt of rapid progress in which a particular skill quickly comes to
dominate the scene. One way a stagelike episode might end could stem from'what we called
the exc_eption principle. To see how this could happen, suppose that a certain agency develops
so useful a way to do some iob that many other agencies soon learn to exploit lhat capability.
The more those other agencies become dependent on that skill, the -o.. dirr.rption will result
from every further "improvement" in it-since it now has more customers to please! Even
increasing the speed of one process could damage other agencies that depend ,rpon hor" long it
takes to work. Thus, once a scheme persists for long enough, it gets to be exiremely hardto
change-not because of limitations inherent in itself or in the ognrry that developid it, but
because of how the rest of the society depends upon its present form.

Once it becomes too hard to change an old agency, it is time to build another one; further
progress may require revolution rather than evolution. This is another reason why a complex
system must be grown in a sequence of separate steps.

I 80 D E V E L O P M E N T



I7.8 ATTACHMENT.IMAGES

Guilt is the gift that keeps on git,ing.
- J n w r s H  P R o v E R B

All people talk of goals and dreams, of personal priorities, of goods and bads, rights and
wrongs, virtues and depravities. What makes our ethics and ideals develop in our children's
minds?

In one of the theories of Sigmund Freud, an infant becomes enamored of one or both
parents, and somehow this leads the baby into absorbing or, as Freud put it, "introiecting" the
goals and values of those love-objects. Thenceforth, throughout later life, those parent-images
persist inside the grown-up child's mind, to influence whatever thoughts and goals are con-
sidered worthy of pursuit. We are not compelled to agree with all of Freud's account, but we
have to explain why children develop models of their parents' values at all. So far as the child's
safety is concerned, it would suffice for attachment to keep the child in the parents'physical
vicinity. What could be the biological and psychological functions of developing complicated
self-ideals?

The answer seems quite clear to me. Consider that our models of ourselves are so complex
that even adults can't explain them. How could a fragmentary infant mind know enough to
build such a complicated thing-without some model upon which to base it? We aren't born
with built-in Selves-but most of us are fortunate enough to be born with human caretakers.
Then, our attachment mechanisms force us to focus on our parents'ways, and this leads us to
build crude images of what those parents themselves are like. That way, the values and goals of
a culture pass from one generation to the next. They are not learned the way skills are learned.
We learn our earliest values under the influence of attachment-related signals that represent,
not our own success or failure, but our parents' love or rejection. When we maintain our
standards, we feel virtuous rather than merely successful. When we violate those standards, we
feel shame and guilt rather than mere disappointment. This is not just a matter of words: those
things are not the same; it is like the difference between ends and means.

How could coherence be imposed upon a multitude of mindless agencies? Freud may have
been the first to see that this could emerge from the effects of infant attachment. It was several
more decades before psychologists recognized that separating children from their attachments
can have devastating effects on the growth of their personalities. Freud also observed that
children frequently reject one parent in favor of the other, in a process that suggests the cross-
exclusiveness of sexual jealousy; he called this the Oedipus complex. It seems plausible that
something of this sort ought to happen regardless of any connection between attachment and
sexuality. If a developing identity is based upon that of another person, it must become confus-
ing to be attached to two dissimilar adult "models." This might lead a child to try to simplify
the situation by rejecting or removing one of them from the scene.

Many people dislike the thought of being dominated from within by the image of a parent's
wish. Yet, in exchange, that slavery is just what makes us relatively free (as compared with
other animals) from being forced to obey so many other kinds of unlearned, built-in instinct-
soals.
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17.9 DIFFERENT SPANS OF MEMORIES

Everyone can master a grief but he who has it.
- W r l l l a n r  S n a r e  s p p e n n

Consider the plight of a mother with a new infant. Her baby will demand her time for many
years. Sometimes she must wonder, "How does this baby iustify such sacrifice?" Various 

"nr*.r,come to mind: "Becduse I love it." "Becdltse someday it wilt care for me." "Becduse it's here to
cdrry on our line." But reasoning rarely brings answers to such questions. Usually, those ques-
tions simply fade away as parents continue to nurture their children as though they were parts
of their own bodies. Sometimes, though, strains may overwhelm the mechanismr ihrt protect
each child from harm, and this results in tragedies.

These complex parent-to-child and child-to-parent bonds must be based on certain types of
memory. Some memories are less changeable than others, and I suspect that attachment-bonds
involve memory-records of a type that can be rapidly formed but then become peculiarly slow
to change. On the child's side, perhaps these bonds are descended from the forms of learning
called "imprinting," with which many kinds of infant animals quickly learn to recognize theii
parents. On the parents' side, the adult animals of many species will reject infants not involved
in bonding shortly after birth; then foster-parenting becomes impossible. Why should bonding
memories be so hard to change? In animals, there usually are evolutionary disadvantages to
raising the offspring of unrelated individuals. Human infants must develop under the addiiional
constraint of requiring constant adult models as a basis for their personalities. Similar goal-
affecting bonds could explain the often irresistible force of "peer pressure" in later life. Perhaps
all such attachment-bonds exploit the same machinery.

Many animals form other kinds of social bonds as well, like those in which an individual
selects a mate and then remains attached to it for life. Many people do this, too, and a number
of the ones who don't have been observed to select, instead, from among alternatives of seem-
ingly similar appearance or character-as though those persons were attached, if not to individ-
uals, to certain constant prototypes. Other people frequently find themselves enslaved by
infatuations that some parts of their minds find unwelcome but cannot prevent or overcome;
once formed, those memory-bonds will only slowly fade away. The time spans of our different
sorts of memories evolved to suit, not our own needs, but those of our ancestors.

We all know the seemingly inexorable time span of mourning, in which it often takes so long
to accept the loss of those we love. Perhaps this, too, reflects the slowness of attachment-
change, though it is only one factor. This could also be partially responsible for the prolonged
psychological disability that can follow the experience of a physical, emotional, or sexual assault
upon a person. One might ask, since there are so many other devastating aspects of such an
experience, why it should involve any connection with attachment memory. I suspect that any
form of intimacy, however unwelcome, has effects upon machinery shared by both attachment
and sexuality, and is liable to disturb or disrupt the machinery with which we make relationships
in ordinary life. No matter how brief that violent episode, it may lead to long derangements in
our usual relationships, in part because those agencies are slow to change. It doesn't help very
much for the victim to try to view the situation neutrally, because the rest of the mind cannot
control those agencies; only time can reconstruct their normal functioning. It is an injury more
terrible than loss of sight or limb, to lose the normal use of the asencies with which one builds
one's own identity.
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1 7. IO INTETLECTUAT TRAUMA

One of Freud's conceptions was that the growth of manv individuals is shaped by unsus-
pected fears that lurk in our unconscious minds. These powerful anxieties include the dread of
punishment or injury or helplessness or, worst of all, the loss of the esteem of those to whom
we are attached. Whether this is true or not, most psychologists who hold this view apply it
only to the social realm, assuming that the world of intellect is too straightforward and imper-
sonal to be involved with such feelings. But intellectual development can depend equally upon
attachments to other persons and can be similarly involved with buried fears and dreads.

Later, when we discuss the nature of humor and jokes, we'll see that many of the conse-
quences of both social and intellectual failures are rather similar. A major difference is that in
the social world, only other persons can inform us about our violations of taboos-whereas
within the realm of intellect, we can often detect our own deficiencies. A tower-building child
needs no teacher to complain when a misplaced block spoils all the work. Nor does a thinking
child's mind need anyone to tell it when some paradox engulfs and whirls it into a frightening
cyclone. By itself, the failure to achieve a goal can cause anxiety. For example, surely every
child must once have thought along this line:

Hmmm. Ten is nearly eleven. And eleven is nearly twelye. So ten is nearly twelye.
And so on. If I keep on reasoning this way, then ten must be nearly a hundred!

To an adult, this is iust a stupid joke. But earlier in life, such an incident could have produced
a crisis of self-confidence and helplessness. To put it in more grown-up terms, the child might
think, I can't see anything wrong with my reasoning-and yet it led to bad results. I merely uied
the obvious fact that if A is near B, and B is near C, then A must be near C. I see no way that
could be wrong-so there must be something wrong with my mind. Whether or not we can
recollect it, we must once have felt some distress at being made to sketch the nonexistent
boundaries between the oceans and the seas. What was it like to first consider "Which came
first, the chicken or the egg?" What came before the start of time; what lies beyond the edge of
space? And what of sentences like "This statement is false," which can throw the mind into a
spin? I don't know anyone who recalls such incidents as frightening. But then, as Freud might
say, this very fact could be a hint that the area is subject to censorship.

If people bear the scars of scary thoughts, why don't these lead, as our emotion-rraumas are
supposed to do, to phobias, compulsions, and the like? I suspect the answer is that they do-
but disguised in forms we don't perceive as pathological. Every teacher knows and loathes how
certain children turn away from learning things they believe they cannot learn: "I simply can't.
I 'm iust no good at that." Sometimes this might represent only a learned way to avoid the
shame and stress that came from social censure of failures in the past. But it might equally
represent a reaction to the nonsocial stress that came frorn having been unable to deal with
certain ideas themselves. Today, we generally regard emotional incompetence as an illness to
be remedied. However, we generally accept incompetence of intellect as a normal, if unfortu-
nate, deficiency in "talents," "aptitudes," and "gifts." Accordingly, we say things like "That
child isn't ttery bright," as though that person's poverty of thought were part of iome predes-
tined fate-and, therefore, isn't anyone's fault.
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I7.I I INTEITECT'TIAI IDEATS

If the mind were dn ego-personality, it could do this and that as it
would determine, but the mind often flies from what it knows is

right and chases after evil reluctantly. Still, nothing seems to
happen exactly as its ego desires. It is simply the mind clouded

over by impure desires, and impenious to wisdom, which
stubbornly persists in thinking of "me" dnd"mine."

-  B  u o o H a

How do we deal with thoughts that lead to frightening results? What should one think about
the "nearly" paradox that threatens to imply that all things, large and small, might be the same
size? One strategy would be to constrain that kind of reasoning, by learning never to chain
together more than two or three such nedrness links. Then, perhaps, one might proceed to
generalize that strategy, in fear that it 's unsafe to chain together too many instances of any
form of inference.

But what could the phrase "too mdny" mean? There is no universal answer. Iust as in the
case of More, we have to learn this separately in each important realm of thought: what are the
limitations of each type and style of reasoning? Human thought is not based on any single and
uniform kind of "logic," but upon myriad processes, scripts, stereotypes, critics and censors,
analogies and metaphors. Some are acquired through the operation of our genes, others are
learned from our environments, and yet others we construct for ourselves. But even inside the
mind, no one really learns alone, since every step employs many things we've learned before,
from language, family, and friends-as well as from our former Selves. Without each stage to
teach the next, no one could construct anything as complex as a mind.

There is another way our intellectual growth is not so different from our emotional develop-
ment: we can make intellectual attachments, too, and want to think the way certain other
persons do. These intellectual ideals may stem from parents, teachers, and friends; from per-
sons one has never met, such as writers; even from legendary heroes who did not exist. I suspect
we depend as much on images of how we ought to think as we do on images of how we ought
to feel. Some of our most persistent memories are about certain teachers, but not about what
was taught. (At the moment I'rr writing this, I feel as though my hero Warren McCulloch were
watching disapprovingly; he would not have liked these neo-Freudian ideas.) No matter how
emotionally neutral an enterprise may seem, there's no such thing as being "purely rational."
One must always approach each situation with somu personal style and disposition. Even
scientists have to make stylistic choices:

Is there enough eyidence yet, or should I seek more?
ls it time to make a uniframe-or should I accumulate more examples?
Can I rely on older theories here, or should I trust my latest guess?
Should I try to be Reductionist or Novelisf ?

At every step, the choices we make depend on what we have become. Our sciences, arts, and
moral skills do not originate from detached ideals of truth, beauty, or virtue but stem partly
from our endeavors to placate or please the images established in earlier years. Our adult
dispositions thus evolve from impulses so infantile that we would surely censure them, if they
were not by now transformed, disguised, or-as Freud said-"sublimated. "
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cHArrEn 1 E

REASONING
Machines-with their inefutable logic, their cold preciseness of

figures, their tireless, utterly exact obsertations, theit obsolute
knowledge of mathematics-they could elaborate any idea,

however simple its beginning, and reach the conclusion.
Machines had imagination of the ideal sort-the ability to
construct d necessdry future from a present fact. But Man
had imagination of a different kind; the illogical, brilliant
imagination that sees the future result vaguely, without

knowing the why, nor the how; an imagination that outstrips
the machine in its preciseness. Man might reach the conclusion
more swiftly, but the machine always reached it eventually, and

always the right conclusion. By leaps and bounds mdn
advanced. By steady, irresistible steps the machine marched

forward.
- J o s N  W .  C A M P B E L L ,  ) R .



I8.I MUST MACHINES BE LOGICAT?

What's wrong with the old arguments that lead us to believe that if machines could ever think
at all, they'd have to think with perfect logic? We're told that by their nature, all machines must
work according to rules. We're also told that they can only do exactly what they're told to do.
Besides that, we also hear that machines can only handle quantities and therefore cannot deal
with qualities or anything like analogies.

Most such arguments are based upon a mistake that is like confusing an agent with an
agency. When we design and build a machine, we know a good deal about how it works. When
our design is based on neat, logical principles, we are likely to make the mistake of expecting
the machine to behave in a similarly neat and logical fashion. But that confuses what the
machine does inside itself-that is, how i1 "y,'e1[s"-with our expectations of how it will appear
to behave in the outer world. Being able to explain in logical terms how a machine's parts work
does not automatically enable us to explain its subsequent activities in simple, logical terms.
Edgar Allan Poe once argued that a certain chess-playing "machine" had to be fraudulent
because it did not always win. If it were really a machine, he argued, it would be perfectly

logical-and therefore could never make any mistakes!What is the fallacy in this? Simply that
there is nothing to prevent us from using logical language to describe illogical reasoning. To a
certain extent it's true that machines can do only what they are designed to do. But this does
not preclude us, when once we know how thinking works, from designing machines that think.

When do we actually use logic in real life? We use it to simplify and summarize our thoughts.
We use it to explain arguments to other people and to persuade them that those arguments are
right. We use it to reformulate our own ideas. But I doubt that we often use logic actually to
solve problems or to "get" new ideas. Instead, we formulate our arguments and conclusions in
logical terms after we have constructed or discovered them in other ways; only then do we use
verbal and other kinds of formal reasoning to "clean things up," to separate the essential parts

frorn the spaghettilike tangles of thoughts and ideas in which they first occurred.
To see why logic must come afterward, recall the idea of solving problems by using the

generate and test method. In any such process, logic can be only a fraction of the reasoning; it

can serve as a test to keep us from coming to invalid conclusions, but it cannot tell us which

ideas to generate, or which processes and memories to use. Logic no more explains how we

think than grammar explains how we speak; both can tell us whether our sentences are properly

formed, but they cannot tell us which sentences to make. Without an intimate connection

between our knowledge and our intentions, logic leads to madness, not intelligence. A logical

system without a goal will merely generate an endless host of pointless truths like these:

A impl ies A.
P or not P.
A imPlies A or A or A.
If4 is 5, then pigs can fly.
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18.2 CITAINS OF REASONING

Here's a rule that's part of ordinary common sense: If A depends on B, and B depends on C,
then-clearly-A depends on C. But what do such expressions mean? And why do we make
the same kinds of inferences not only for dependency but also for implication and causality?

If A depends on B, and, also, B depends on C, then A depends on C.
lf A implies B, and, also, B implies C, then A implies C.
lf A causes B, and, also, B cduses C, then A causes C.

What do all these different ideas have in common? All lend themselves to being linked into
chainlike strings. Whenever we discover such sequences-however long they may be-we
regard it as completely natural to compress them into single links, by deleting ail but the
beginning and the end. This lets us "conclude," for example, that A depends oi, implies, or
causes C. We do this even with imaginary paths through time and space.

Floor holds Table holds Saucer holds Cup holds Tea
Wheel turns Shaft turns Gear turns Shaft turns Gear

Sometimes we even chain together different kinds of links:

House walk to Garage drive to Airport fly fo Airport
Owls are Birds, and Birds can Fly. So, Owls can Fly.

The chain containing "walk," "drive," and "fly" may appear to use several different kinds of
links. But although they differ in regard to vehicles, they all refer to paths through space. And
in the Owl-Bird example, "are" and "can" seem more different at first, but we can translate
them both into a more uniform language by changing "Owls are Birds" into "An Owl ls a
Typical-Bird" and "Birds can Fly" into "A Typical-Bird is a thing-which-can-Fly." Both sen-
tences then share the same type of "ls d" link, and this allows us to chain them together more
easily.

For generations, scientists and philosophers have tried to explain ordinary reasoning in terms
of logical principles-with virtually no success. I suspect this enterprise failed because it was
lo_oking in the wrong direction: common sense works so well not because it is an approximation
of logic; logic i5 only a small part of our great accumulation of different, useful ways to chain
things together. Many thinkers have assumed that logical necessity lies at the heart of our
reasoning. But for the purposes of psychology, we'd do better to set aside the dubious ideal of
faultless deduction and try, instead, to understand how people actually deal with what is usual
or typical To do this, we often think in terms of causes, similarities, and dependencies. What
do all these forms of thinking share? They all use different ways to make chains.
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I8.3 CIINNING

Why is chaining so important? Because, as we've just seen, it seems to work in many different
realms. More than that, it can also work in several ways at once, inside the same world.
Consider how, with no apparent mental strain at all, we can first imagine the same kind of arch
to be a bridge, a tunnel, or a table-and then we can imagine chains of these, according to
quite different views:

Chaining seems to permeate not only how we reason, but how we think of structures in space
and time. We find ourselves involved with chains whenever we imagine or explain. Why does
the ability to build mental chains help us solve so many different kinds of problems? Perhaps
because all sorts of chains share common properties like these:

When chains are stressed, the weakest links break first.
To fix a brcken chain, one needs to repair only its broken links.
No part of o chain con be removed if both ends rcmain fixed.
If pulting A makes B mote, there must be a chain connecting A and B.

Each separate rule seems common sense, at least when we apply it to a solid thing like a
bridge, a flnce, or a physical chain. But why do chains apply so well to insubstantial "lines of
thought"? It is because there's such a good analogy between how chains can break and how
reasoning can fail.

f
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I8.4 LOGICAT CIINNS

"Logic" is the word we use for certain ways to chain ideas. But I doubt that pure deductive
logic plays much of a role in ordinary thinking. Here is one way to contrast logical reasoning
and ordinary thinking. Both build chainlike connections between ideas. The difference is that
in logic there's no middle ground; a logic link is either there or not. Because of this, a logical
argument cannot have any "weakest link."

Commonsense Reasoning Mathematical Logic

Logic demands just one support for every link, a single, flawless deduction. Common sense
asks, at every step, if all of what we've found so far is in accord with everyday experience. No
sensible person ever trusts a long, thin chain of reasoning. In real life, when we listen to an
argument, we do not merely check each separate step; we look to see if what has been described
so far seems plausible. We look for other evidence beyond the reasons in that argument.
Consider how often we speak of reasoning in terms of structural or architectural expressions,
as though our arguments were like the towers Builder builds:

"Your argument is based on weak evidence."
"You must support that with more evidence."
"That argument is shaky.It will collapse."

In this way, commonsense reasoning differs from "logical" reasoning. When an ordinary
argument seems weak, we may be able io support it with more evidence. But there is no way
for a link inside a logic chain to use additional support; if it's not quite right, then it's absolutely
wrong. Indeed, this weakness is actually the source of logic's own peculiar strength, because
the less we bose our conclusions on, the fewer possibilities con exist for weoknesses in our
arguments! This strategy serves mathematics well-but it doesn't help us much in dealing with
uncertainties. We cannot afford to stake our lives on chains that fall apart so easily.

I do not mean to say that there is anything wrong with logic; I only object to the assumption
that ordinary reasoning is largely based on it. What, then, are the functions of logic? It rarely
helps us get a new idea, but it often helps us to detect the weaknesses in old ideas. Sometimes
it also helps us clarify our thoughts by refining messy networks into simpler chains. Thus, once
we find a way to solve a certain problem, logical analysis can help us find the most essential
steps. Then it becomes easier to explain what we've discovered to other people-and, also, we
often benefit from explaining our ideas to ourselves. This is because, more often than not,
instead of explaining what we actually did, we come up with a new formulation. Paradoxically,
the moments in which we think we're being logical and methodical can be just the times at
which we're most creative and original.
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I8.5 STRONG ARGI'MENTS

When people disagree, we often say that one side's position seems "stronger" than the other.
But what has "strength" to do with reasoning? In logic, arguments are simply either right or
wrong, since there is not the slightest room for matters of degree. But in real life, few arguments
are ever absolutely sure, so we simply have to learn how various forms of reasoning are likely
to go wrong. Then we can use different methods to make our chains of reasoning harder to
break. One method is to use several different arguments to prove the same point-putting them
"in parallel." By analogy, when you park a car on a steep hill, it isn't safe to depend on brakes
alone. No brake can work unless all its parts do-and, unhappily, all those parts form a long
and slender chain no stronger than its weakest link.

-- Driver's foot presses on brake bedal.
-- Brake pedal forces piston into master cylinder.
-- This forces brake fluid to flow from cylinder.
---- Brake fluid flows through tubes to brakes at wheels.
---- Pistons in brake cylinders apply force to brake shoes.
---- Brake shoes press on wheel drums, stopping wheels.

An expert driver also leaves the car in gear and turns the wheels into the curb. Then, though
no one of these tricks is perfectly secure, the combination cannot fail unless three things go
wrong at once. This whole is stronger than any of its parts.

A @ B

BRAKES

B GEAR

CURBCHAIN

A chain can break with any single injury, but a parallel bundle cannot fail unless every one
of its links has been broken. Our car can't roll away unless all three-brake, wheel, and parking
gear-go wrong at once. Parallel bundles and serial chains are only the simplest ways to link
together various parts. Here are some others.

Each serial connection makes
stronger.

a structure weaker, while each parallel connection makes it

CHAIN OF BUNDLES
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18.6 MAGNITUDE FROM MT'ITITUDE

We like to think of reasoning as rational-yet we often represent our arguments as fights
between adversaries positioned to determine which can wield the greater Jrength o, foi.".
Why do we use such energetic and aggressive images of weakness, strength, defeat, and victory,
of boxing in and breaking down an enemy's defense? Why don't we just use cool, clear, faultlesi
reasoning to prove we are right? The answer is that we rarely need to know that anvthing is
absolutely wrong or right; instead, we only want to choose the best of some alternatives.

Here are two different strategies for deciding whether one group of reasons should be con-
sidered "stronger" than another. The first strategy tries to compare opposing arguments in
terms of magnitudes, by analogy to how two physical forces interact:

Strength from Magnitude: When two forces work together, they add. to form a
single larger force. But when two forces oppose each other directly, their strenEths
subtract.

Our second strategy is simply to count how many different reasons you can find for choosing
each alternative:

Strength from Multitude: The more redsons we cdn find in favor of a particular
decision, the more confidence we cdn have in it. This is because if som.e of those
redsons turn out to be wrong, other redsons may still remain.

_ Whichever strategy we use, we tend to speak of the winning argument as the "stronger" one.
But why do we use the same word "strong" for two such difFerent strategies? It is because we
use them both for the same purpose: to rcduce the tikelihood of failure. Ilcomes out the same
in the end, whether we base a decision on a single "strong" argument*that is, one unlikely to
be wrong-or on several weaker arguments, in hopes thaithey won't fail all at once.

What makes us so prone to formulate our reasoning in teims of conflicting adversaries? It
m r-st be partly cultural, but some of it could also be based on inheritan..l Wh".r we use
architectural metaphor_s that speak of arguments as not supported properly, we could be exploit-
ing structures that evolved within our spatial agencies. Similarly, *h.n *. represent our rea-
soning in terms of battling adversaries, we might be exploiting the use of agencies that first
evolved for physical defense.
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IE.7 WHAT IS A NUMBER?

Why do we find it so hard to explain the meanings of things? Because what something
"means" depends upon each different person's state of mind. If so, you might suspect that
nothing means exactly the same thing to any hvo different persons. But if that were the case,
where could you start? If every meaning in a person's mind depended on all the other meanings
there, wouldn't everything go in circles? And if you couldn't break into those circles, wouldn't
it all become too subjective to make good science? No. There is nothing wrong with phenomena
in which many things depend on one another. And you don't have to be ln those circles in
order to understand them; you simply have to make good theories about them. It is a pleasant
dream to imagine things being defined so perfectly that different people could understand
things in exactly the same ways. But that ideal can't be achieved, because in order for two
minds to agree perfectly, at every level of detail, they'd have to be identical.

The closest we can come to agreeing on meanings is in mathematics, when we talk of things
like "Three" and "Five." But even something as impersonal as "Five" never stands isolated in a
person's mind but becomes part of a huge network. For example, we sometimes think of "Five"
for counting things, as when we recite "One, Two, Three, Four, Five" while taking care l) to
touch each thing only once, and 2) never to touch anything more than once. One way to
ensure that is to pick up each thing as it's counted and remove it. Another way is to match a
group of things to a certain standard set of Five-such as the fingers of your hand-or to that
silent stream of syllables spoken in the mind. If, one by one, the things are matched and none
are left behind, then there were Five. Another way to think of Five is to imagine some familiar
shape-a pentagon, an X or V or W, a star, or even an airplane:
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That way, a child might even come to understand a larger number before a smaller one. I
actually knew one child who seemed to know Six before she knew Five, because she'd played
so much with sets of triangles and hexagons.

Each number meaning works in different problem worlds. To ask which meaning is correct
-to count, match, or put into groups-is foolishness: each method helps the others, and all of
them together make a mass of skills that grow in power and efficiency. The really useful
"meanings" are not the flimsy logic chains of definitions, but the much harder-to-express
networks of ways to remember, compare, and change things. A logic chain can break easily,
but you get stuck less often when you use a cross-connected meaning-network; then, when any
sense of meaning fails, you simply switch to another sense. Consider, for example, how many
different Twos a child knows: two hands, two feet, two shoes, two socks, and all their inter-
changeabilities. As for Threes, recall the popular children's tale about three bears. The bears
themselves are usually perceived as Two and One-Momma and Poppa Bear, plus Baby Bear.
But their forbidden porridge bowls are seen as quite another sort of Three: too hot, too cold,
and then just right; a compromise between extremes.
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I8.8 MATHEMATICS MADE IIARD

That theory is worthless. It isn't even wrong!
- W o r r c e N c  P e u r r

Scientists and philosophers are always searching for simplicity. They're happiest when each
new thing can be defined in terms of things that have already been defined. If we can keep
doing this, then everything can be defined in successive layers and levels. This is how mathe-
maticians usually define numbers. They begin by defining lsvs-s1, rather, they assume that
Zero needs no definition. Then they define One as the "successor" of Zero, Two as the succes-
sor of One, and so on. But why prefer such slender chains? Why not prefer each thing to be
cdnnected to as many other things as possible? The answer is a sort of paradox.

As scientists, we like to make our theories as delicate and fragile as possible. We
like to drrdnge things so that if the slightest thing goes wrong, everything will
collapse at once!

Why do scientists use such shaky strategies? So that when anything goes wrong, they'll be the
first to notice it. Scientists adore that flimsiness because it helps them find the precious proofs
they love, with each next step in perfect mesh with every single previous one. Even when the
process fails, it only means that we have made a new discovery! Especially in the world of
mathematics, it is just as bad to be nearly right as it is to be totally wrong. In a sense, that's just
what mathematics is-the quest for absolute consistency.

But that isn't good psychology. [n real life, our minds must always tolerate beliefs that later
turn out to be wrong. It's also bad the way we let teachers shape our children's mathematics
into slender, shaky tower chains instead of robust, cross-connected webs. A chain can break at
any link, a tower can topple at the slightest shove. And that's what happens in a mathematics
class to a child's mind whose attention turns just for a moment to watch a pretty cloud.

Teachers try to convince their students that equations and formulas are more expressive than
ordinary words. But it takes years to become proficient at using the language of mathematics,
and until then, formulas and equations are in most respects even less trustworthy than com-
monsense reasoning. Accordingly, the investment principle works against the mathematics
teacher, because even though the potential usefulness of formal mathematics is great, it is also
so remote that most children will continue to use only their customary methods in ordinary
life, outside of school. It is not enough to tell them, "Someday you will find this useful," or
even, "Ledrn this and I will love you." Unless the new ideas become connected to the rest of
the child's world, that knowledge can't be put to work.

The ordinary goals of ordinary citizens are not the same as those of professional mathemati-
cians and philosophers-who like to put things into forms with as few connections as possible.
For children know from everyday experience that the more cross-connected their common-
sense ideas are, the more useful they're likely to be. Why do so many schoolchildren learn to
fear mathematics? Perhaps in part because we try to teach the children those formal definitions,
which were designed to lead to meaning-networks as sparse and thin as possible. We shouldn't
assume that making careful, narrow definitions will always help children "get things straight."
It can also make it easier for them to get things scrambled up. Instead, we ought to help them
build more robust networks in their heads.
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I8.9 ROBUSTNESS AND RECOVERY

Most machines that people build stop working when their parts break down. Isn't it amazing

that our minds can keep on functioning while they're making changes in themselves? Indeed,

they must, since minds can't simply shut down work when "closed for renovations." But how

do we keep functioning while vital parts are modified-or even lost? It's a fact that our brains

can keep on working well in spite of injuries in which great multitudes of cells are killed. How

could anything be so robust? Here are some possibilities:

Duplication. It is possible to design a machine so that every one of its functions is embodied in

several duplicated agents, in different places. Then, if any agent is disabled, one of its duplicates

can be made to "take over." A machine based on this duplication-scheme could be surprisingly

robust. For example, suppose that every function were duplicated in ten agents. If an accident

were to destroy tratf tne agents of that machine, the chance that any particular function would

be entirely losi is the same as the chance that ten tossed coins would all come up tails-that is,

less than one chance in a thousand. And many regions of the human brain do indeed have

several duplicates.

Self-Repair. Many of the body's organs can regenerate-that is, they can replace whichever

parts ari lost to inlury or disease. However, brain cells do not usually share this ability. Conse-

quently, healing cannot be the basis of much of the brain's robustness. This makes one wonder

why an organ is vital as the brain has evolved to be less able than other organs to repair or

,.pi"". its firoken parts. Presumably, this is because it simply wouldn't help to replace individual

brain-agents-unless the same healing process could also restore all the learned connections

"*olg1hose 
agents. Since it is those networks that embody what we've learned, merely to

replace their separate parts would not restore the functions that were lost.

Distributed Processes. It is possible to build machines in which no function is located in any

one specific place. lnstead, each function is "spread out" ove-r a range of locations, so that each

part's activity contributes a little to each of several different functions. Then the destruction of

any small portion will not destroy any function entirely but will only cause small impairments

to many different functions.

Accumulation. I'm sure that all of the above methods are employed in our brains. But we also

have another source of robustness that offers more advantages. Consider any learning-scheme

that begins by using the method of accumulation-in which each agent tends to accumulate a

family Jf subagentr thrt ."., accomplish that agent's goals in several ways. Later, if any of those

subajents beco-e impaired, their iupervisor will stil l be able to accomplish its job, because

otheiof its subagents will remain to do that iob, albeit in different ways. So accumulation-the

very simplest kind of learning-provides both robustness and versatility. Our learning-systems

can build up centers of divelsity in which each agent is equipped with variou.s alternatives.

When such a center is damaged, the effects may scarcely begin to show until the system's

reserves are nearly exhausted.
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CHAPTER 19

WORDS AND
IDEAS

I am not yet so lost in lexicography, as to forget that words are
the daughters of the earth, and that things are the sons of

heaven. Language is only the instrument of science, and words
are but the signs of ideas: I wish, however, that the instrument
might be less apt to decay, and that signs might be permanent,

like the things which they denote.

-Senaun r  I oHNsoN



I9.I THE ROOTS OF INTENTION

The wind blows where it will, and you hear the sound of it, but you
do not know whence it comes or whither it goes; so it is with every

one who is born of the Spirit.
- S r .  f o H N

Language builds things in our minds. Yet words themselves can't be the substance of our
thoughts. They have no meanings by themselves; they're only special sorts of marks or sounds.
If we're to understand how language works, we must discard the usual view that words denote,
or represent, or designcfe; instead, their function is control: each word makes various agents
change what various other agents do. If we want to understand how language works, we must
never forget that our thinking-in-words reveals only a fragment of the mind's activity.

We often seem to think in words. Yet we do this with no conscious sense of where and why
those words originate or how they then proceed to influence our further thoughts and what we
subsequently do. Our inner monologues and dialogues proceed without any effort, delibera-
tion, or sense of how they're done. Now you might argue that you do know what brings those
words to mind-in the sense that they are how you "express" your intentions and ideas. But
that amounts to the same thing-since your intentions, too, appear to come and go in ways
you do not understand. Suppose, for example, that at a certain moment you find you want to
leave the room. Then, naturally, you'd look for the door. And this involves two mysteries:

What made you want to leave the room? Was it simply that you became tired of
staying in that room? Was it because you remembered something else you had to
do? Whatever reasons come to mind, you still must ask what led to them. The
further back you trace your thoughts, the vaguer seem those causal chains.

The other side of the mystery is that we are equally ignorant of how we respond
to our own intentions. Given a desire to leave the room, what led you to the
thought of "door"? You only know that first you thought, "lt's time to go," and
then you thought, "Where is the door?"

We're all so used to this that we regard it as completely natural. Yet we have barely any sense
of why each thought follows the last. What connects the idea of leatting with the idea of dooft
Does this result from some direct connection between two partial states of mind, of leat,ing and
of door? Does it involve some sort of less direct connection, not between those states them-
selves, but only between some signals that somehow represent those states? Or is it the product
of yet more complex mechanisms?

Our introspective abilities are too weak to answer such questions. The words we think seem
to hover in some insubstantial interface wherein we understand neither the origins of the
symbol-signs that seem to express our desires nor the destinations wherein they lead to actions
and accomplishments. This is why words and images seem so magical: they work without our
knowing how or why. At one moment a word can seem enormously meaningful; at the next
moment it can seem no more than a sequence of sounds. And this is as it should be. It is the
underlying emptiness of words that gives them their potential versatility. The less there is in a
treasure chest, the more you'll be able to put in it.
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I9.2 THE I,.ANqUAGE.AGENCY

The use of language is not confined to its being the medium
through which we communicate ideas to one another. . . . Words

are the instrument by which we form aII our abstractions, by which
we fashion and embody our ideas, and by which we are enabled to
glide along a series of premises and conclusions with a rapidity so
great as to leave in memory no trace of the successiye steps of this
process; and we remain unconscious of how much we owe to this.

- l o H N  L .  R o c n r

We're normally quite unaware of how our brain-machines enable us to see, or walk, or
remember what we want. And we're equally unaware of how we speak or of how we compre-
hend the words we hear. As far as consciousness can tell, no sooner do we hear a phrase than
all its meanings spring to mind-yet we have no conscious sense of how those words produce
their effects. Consider that all children learn to speak and understand-yet few adults will ever
recognize the regularities of their grammars. For example, all English speakers learn that saying
"big brown dog" is right, while "brown big dog" is somehow wrong. How do we learn which
phrases are admissible? No language scientist even knows whether brains must learn this once
or twice-first, for knowing what to say, and second, for knowing what to hear. Do we reuse
the same machinery for both? Our conscious minds just cannot tell, since consciousness does
not reveal how language works.

However, on the other side, language seems to play a role in much of what our consciousness
does. I suspect that this is because our language-agency plays special roles in how we think,
through having a greatdeal of control over the memory-systems in other agencies and therefore
over the huge accumulations of knowledge they contain. But language is only a part of thought.
We sometimes seem to think in words-and sometimes not. What do we "think in" when we
aren't using words? And how do the agents that work with words communicate with those that
don't? Since no one knows, we'll have to make a theory. We'll start by imagining that the
language-system is divided into three regions.

WORD':.: AGENTS

i i
UANGUAGE
,1,AGSlfGY1:1,r,,1

1t
\ 7

IANC.UAOE
!r:AGENCYti:ir,

The upper region contains agents that are concerned specifically with words. The lower
region includes all the agencies that are affected by words. And in the center lie the agencies
involved with how words engage our recollections, expectations, and other kinds of mental
processes. There is also one peculiarity: the language-agency seems to have an unusual capacity
to control its own memories. Our diagram suggests that this could be because the language-
agency can exploit itself as though it were just another agency.

SFEAXEN
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I9.3 WORDS AND IDEAS

How does an insubstantial word like "apple" lead you to think of a real thing-an object of a
certain size that is red, round, sweet, and has a shiny, thin-peeled skin? How could a plain
acoustic sound produce such complex states of mind, involving all those qualities of color,
substance, taste, and shape? Presumably, each different quality involves a different agency. But
then-in view of all we've said about why different agents can't communicate-how could such
varying recipients all "understand" the selfsame messages? Do language-agents have unusual
abilities to communicate with different kinds of agencies?

Many people have tried to explain language as though it were separate from the rest of
psychology. Indeed, the study of language itself was often divided into smaller subjects, called
by traditional names llke syntax, grdmmdr, and semantlcs. But because there was no larger,
coherent theory of thinking to which to attach those fragments, they tended to lose contact
with one another and with reality. Once we assume that language and thought are different
things, we're lost in trying to piece together what was never separate in the first place. This is
why, in the following pages, I'll put aside most of the old language theories and return to the
questions that led to them:

How are words involved with mental processes?
How does language enable people to communicate?

In the next few sections, we'll introduce two kinds of agents that contribute to the power of
words. The first kind, called "polynemes," are involved with our long-term memories. A poly-
neme is a type of K-line; it sends the same, simple signal to many different agencies: each of
those agencies must learn, for itself, what to do when it receiyes that signal. When you hear the
word "apple," a certain polyneme is aroused, and the signal from this polyneme will put your
Color agency into a state that represents redness. The same signal will set you;. Shape agency
into a state that represents roundness, and so forth. Thus, the polyneme for "apple" is really
very simple; it knows nothing whatever about apples, colors, shapes, or anything else. It is
merely a switch that turns on processes in other agencies, each of which has learned to respond
in its own way.

Later we'll discuss another type of language-agent that we'll call an "isonome. " Each isonome
controls a short-term memory in each of many agencies. For example, suppose we had just
been talking about a certain apple, and then I said, "Please put it in this pail." In this case, you
would assume that the word "it" refers to the apple. However, if we had been discussing your
left shoe, you would assume "it" referred to that shoe. A word like "it" excites an isonome
whose signal has no particular significance by itself, but controls what various agencies do with
certain recent memories.
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19.4 OBJECTS AND PROPERTIES

what does a word like "apple" mean? This is really many questions in one.

How could hearing the word "dpple" make you "imdgine" an apple?

How could seeing an apple activate a word-agent for "apple"?

How could thiniing about an apple make one think of the word for "apple"?

How could seeing an apple make one wordlessly recall the flavor of an apple?

It's usually impossible to perfectly "define" a word because you cannot capture everything

you mean in iust a phrase; an apple means a thousand things. However, you can usually say-some 
of what you mean by making lists of properties. For example, you could say that an

"apple" is something round and red and good to eat. But what exactly is a "property"? Again,

it'i hard to define that idea-but there are several things to say about what properties we like

our properties to have.

We like the kinds of properties that do not change capriciously.

The color of your car will stay the same from day to day, and, barring accidents, so will its

basic size and shape, as well as the substances of which it is made. Now, suppose you were to

paint that car a new color: its shape and size would remain the same. This suggests another

thing we like to find in our properties:

The most useful sets of properties are those whose members do not interact too
much.

This explains the universal popularity of that particular combination of properties size, color,

shape, and substance. Because these attributes scarcely interact at all with one another, you

can put them together in any combination whatsoever, to make an object that is either large or

small, red or green, wooden or glass, and having the shape of a sphere or of a cube. And we

derive a wonderful power from representing things in terms of properties thai do not interact:

this makes imagination practical. It lets us anticipate what will happen when we invent new

combinations and variations we've never seen before. For example, suppose that a certain
obiect almost works for a certain job-except for being a bit too small; then you can imagine
using a "larger" one. In the same way, you can imagine changing the color of a dress or its size,
shape, or the fabric of which it's made, without altering any of its other properties.

Why is it so easy to imagine the effects of such changes? First, these properties reflect the
nature of reality; when we change an object's color or shape, its other properties are usually left
unchanged. However, that doesn't explain why such changes do not interact inside the n'rind.
Why is it so easy to imagine a small brown wooden cube or a long red silk skirt? The simplest
explanation is that we represent each of the properties of material, color, size and shape in
separate agencies. Then those properties can simultaneouslv arouse separate partial states of
mind at once, in several divisions of the mind. That way, a single word can activate many
different kinds of thoughts at oncel Thus the word "apple" can set your Color agency into a
"redness" state, put your Shape agency into a "roundness" s1x1s-s1, really, into a representa-
tion of an indented sphere with a stem-and cause your Taste and Size agencies to react in
accord with memories of previous experiences with apples. How does language do such things?
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I9.5 POLYNEMES

What happens when a single agent sends messages to several different agencies? In many
cases, such a message will have a different effect on each of those other agencies. As I men-
tioned earlier, I' l l call such an agent a "polyneme. " For example, your word-agent for the word
"apple" must be a polyneme because it sets your agencies for color, shape, and size into
unrelated states that represent the independent properties of being red, round, and "apple-
sized. "

apple

golfball

tomato
slicE

But how could the same message come to have such diverse effects on so many agencies,
with each effect so specifically appropriate to the idea of "apple"? There is only one explanation:
Each of those other agencies must already have learned its own response to that same signal.
Because polynemes, like politicians, mean different things to different listeners, each listener
must learn its own, different way to react to that message. (The prefix poly- is to suggest
diversity, and the suffrx-neme is to indicate how this depends on memory.)

To understand a polyneme, each dgency must learn its own specific and appropri-
ate response. Each dgency must have its private dictionary or memory bank to tell
it how to respond to ettery polyneme.

How could all those agencies learn how to respond to each polyneme? If each polyneme were
connected to a K-line in each agency, each of those K-lines would need only to learn what
partial state to arouse inside its agency. The drawing below suggests that those Klines could
form little "memorizers" next to the agencies that they affect. Thus, memories are formed and
stored close to the places where they are used.

apple
golfball

tomato slice

MEMORIZERS

Can any simple scheme like this give rise to all the richness of the meaning of a real language-
word? The answer is that all ideas about meaning will seem inadequate by themselves, since
nothing can mean anything except within some larger context of ideas.
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19.6 RECOGNIZERS

When we see an apple, how do we know it as an apple? How do we recognize a friend-or

even know when we're seeing a person? How do we recognize things? The simplest way to

recognize something is to verify that it has certain properties. To recognize an apple, in many

circumstances, it might suffice to look for something that is red AND round AND apple-sized.

In order to do that, we need a kind of agent that detects when all three conditions occur at

once. The simplest form of this would be an agent that becomes active whenever all three of its

inputs are active.

' 'APPLE' '

We can use AND-agents to do many kinds of recognition, but the idea also has serious
limitations. If you tried to recognize a chair that way, you would usually fail, if you insisted on
finding "four legs AND a seat AND a back." You scarcely ever see four legs of a chair at the
same time, since at least one leg is usually out of view. Besides, if someone's sitting in the chair,
you often cannot see the seat at all. In real life, no recognition-scheme will always work if it's
based on absolutely perfect evidence. A more judicious scheme would not demand that every
feature of a chair be seen; instead, it would only "weigh the evidence" that a chair is present.
For example, we could make a chair-agent that becomes active whenever five or more of our
six chair features are in sight:

BACK

SEAT
"cHArR"

L E G

This scheme, too, will make mistakes. It will miss the chair if too many features are out of
sight. It will mistake other objects for chairs if those features are present but in the wrong
arrangement-for example, if all four legs are attached to the same side of a "seat." Indeed, it
usually won't suffice merely to verify that all the required parts are there-one also has to verify
their dimensions and relationships; otherwise our recognizer would not distinguish a chair from
a couch or even from a bunch of boards and sticks. Failure to verify relationships is the basis of
a certain type of nonsense joke:

What has eight legs and flies?
-- A string quartet on a foreign tour.

S H

,
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19.7 IiTEIGHING EVIDENCE

There are important variations on the theme of "weighing evidence." Our first idea was just
to count the bits of evidence in favor of an object's being a chair. But not all bits of evidence
are equally valuable, so we can improve our scheme by giving different "weights" to different
kinds of evidence.

Fronl
Fronl
Back
Seat
Back

How could we prevent this chair recognizer from accepting a table that appeared to be
composed of four legs and a seat? One approach would be to try to rearrange the weights to
avoid this. But if we already possessed a table recognizer, we could use its output as evidence
dgdinst there being a chair by adding it in with a negative weight! How should one decide what
number weights to assign to each feature? In 1959, Frank Rosenblatt invented an ingenious
evidence-weighing machine called a "Perceptron." It was equipped with a procedure that au-
tomatically learned which weights to use from being told by a teacher which of the distinctions
it made were unacceptable.

All feature-weighing machines have serious limitations because, although they can measure
the presence or absence of various features, they cannot take into account enough of the
relations among those features. For example, in the book Percepfrons, Seymour Papert and I
proved mathematically that no feature-weighing machine can distinguish between the two
kinds of patterns drawn below-no matter how cleverly we choose the weights.

CONNECTED DISCONNECTED

Both drawings on the left depict patterns that are connected-that is, that can be drawn with
a single line. The patterns on the right are disconnected in the sense of needing two separate
lines. Here is a way to prove that no feature-weighing machine can recognize this sort of
distinction. Suppose that you chopped each picture into a heap of tiny pieces. It would be
impossible to say which heaps came from connected drawings and which came from discon-
nected drawings-simply because each heap would contain identical assortments of picture
fragments! Every heap would contain exactly four pictures of right-angle turns, two "line
endings," and the same total lengths of horizontal and vertical line segments. It is therefore
impossible to distinguish one heap from another by "adding up the evidence," because all
information about the relations between the bits of evidence has been lost.

Leg
Leg

Leg

zuz W O R D S  A N D  I D E A S



I9.8 GENERATIANG

We're always learning from experience by seeing some examples and then applying them to
situations that we've never seen before. A single frightening growl or bark may lead a baby to
fear all dogs of similar size-or, even, arlimals of every kind. How do we make generalizations

from fragmentary bits of evidence? A dog of mine was once hit by a car, and it never went down
the same street again-but it never stopped chasing cars on other streets.

Philosophers of every period have tried to generalize about how we learn so much from our
experiences. They have proposed many theories about this, using names like "abstraction,"
"induction," "abduction," and so forth. But no one has found a way to make consistently
correct generalizations-presumably because no such foolproof scheme exists, and whatever
we "learn" may turn out to be wrong. In any case, we humans do not learn in accord with any
fixed and constant set of principles; instead, we accumulate societies of learning-schemes that
differ both in quality and kind.

We've already seen several ways to generalize. One way is to construct uniframes by formu-
lating descriptions that suppress details we regard as insignificant. A related idea is built into
our concept of a "level-band." Yet another scheme is implicit in the concept of a polyneme,
which tries to guess the character of things by combining expectations based upon some inde-
pendent properties. In any case, there is an intimate relationship between how we "represent"
what we already know and the generalizations that will seem most plausible. For example,
when we first proposed a "recognizer" for a chair, we composed it from the polynemes for
several already familiar ideas, namely seats, legs, and backs. We gave these features certain
weights.

If we changed the values of those evidence weights, this would produce new recognizer-
agents. For example, with a negative weight for "back," the new agent would reiect chairs but
would accept benches, stools, or tables. If all the weights were increased (but the required total
were kept the same), the new recognizer would accept a wider class of furniture or furniture
with more parts hidden from visw-ss well as other objects that weren't furniture at all.

Why would there be any substantial likelihood that such variations would produce useful
recognizers? That would be unlikely indeed, if we assembled new recognizers by combining old
ones selected at random. But there is a much better chance for usefulness if each new recog-
nizer is made by combining signals from agents that have already proven themselves useful in
related contexts. As Douglas Hofstadter has explained:

Making variations on a theme is the crux of creatitity. But it is not some magical,
mysterious process thot occurs when two indivisible concepts collide; it is a conse-
quence of the divisibility of concepts into already significant subconceptual ele-
ments.
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19.9 RECOGNIANG THOUGHTS

How do we recognize our own ideas? At first, that must seem a strange question. But consider
two different situations. In the first case, I hold up an apple and ask, "What is this?" We've
already seen how such a sight could lead to activating polynemes for words like "apple" or
"fruit." In the second case, there is no apple on the scene, and I ask instead, "What do we call
those round, red, thin-peeled fruits?" Yet this time, too, you end up with an apple thought. Isn't
it remarkable that one can "recognize" a thing merely from hearing words? What is there in
common to our recognizing things in two such different ways? The answer is that inside the
brain, these situations really aren't so different. In neither case is there a real apple in the brain.
In both cases, some part of mind must recognize what's happening in certain other parts of
mind.

Let's pursue this example and imagine that those words have caused three partial states to
become active among your agencies. Your Taste agency is in the condition corresponding to
apple taste, your Physical Structure agency is representing thin-peeled, and your Substance
agency is in the state that corresponds to fruit. Thus, even though there is no apple in sight,
this combination would probably activate one of your "apple" polynemes. Let's call them
"apple-nemes" for short. How could we make a machine do that? We would simply attach
another recognizer to the apple-neme, a recognizer whose inputs come from memories instead
of from the sensory world.

SHAPE COLOR stzE

APPLE-NEME

lruit

SUBSTANCE
.apple-V

In a limited sense, such an agent could be said to recognize a certain state of mind or-if we
dare to use the phrase-a certain combination of ideas. ln this sense, both physical and mental
obiects could engdge similar representations and processes. As we accumulate these recognizers,
each agency will need a second kind of memory-a sort of recognition dictionary of recognizers
to recognize its various states.

M E M O R I Z E R S

INTERAGENTS

R E C O G N I Z E R S

This simple scheme can explain only a little of how we represent ideas, since only certain
things can be described by such simple lists of properties. We usually need additional informa-
tion about constraints and relationships among the parts of things-for example, to represent
the knowledge that the wheels of a car must be mounted underneath its body. To discover how
we might represent such things is becoming a major concern of modern research in both
psychology and Artificial Intelligence.

TASTE STRUCTURE

o
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I9.IO CLOSING THE RING

Now let's redraw the diagram for the language-agency, but fill in more details from the last

few sections.

DING ASCEN
NEMES

MEMORIZERS RECOGNIZERS

.:.t$::t.t ftuny

SENSO

ffif+ thln-
peeled

N E

:n..i
A.:.s.::c

ir
.U
iR
.E

Something amazing happens when you go around a loop like this! Suppose you were to

imagine three properties o1an apple-for example, its substance, taste, and thin-peeled struc-

ture] Then, .uln if th"r. *.r. oo apple on the scene-and even if you had not yet thought of

the word "apple"-the recognition-agent on the left will be aroused enough to excite your

"apple" polyn-e*e. (This is bicause I used the number three for the required sum in the apple

poiyrr"-"'r recognizer instead of demanding that all five properties be present.) That agent can

ih..r ,ro,rr. the klines in other agencies, like those for color and shape-and thus evoke your

memories of other apple properties! In other words, if you start with enough clues to arouse

one of your apple-tri-.t, it will automatically arouse memories of the other properties and

qualitiei of appies and create a more complete impression, "simulus," or hallucination of the

e*perience oiieei.tg, feeling, and even of eating an apple. This way, a simple loop machine

can reconstruct a larger whole from clues about only certain of its partsl

Many thinkers have assumed that such abilities lie beyond the reach of all machines. Yet

here we see that retrieving the whole from a few of its parts requires no magic leap past logic

and necessity, but only simple societies of agents that "recognize" when certain requirements

are met. If iomething is red and round and has the right size and shape for an apple-and

nothing else seems wrong-then one will probably think "apple."

This method for arouiing complete recollections from incomplete clues-we could call it

"reminding"-i5 pslygrful but imperfect. Our speaker might have had in mind not an apple,

but some other tou.rd, red, fruit, such as a tomato or a pomegranate. Any such process leads

only to guesses-and frequently these will be wrong. Nonetheless, to think effectively, we often

have to turn aside from certainty-to take some chance of being wrong. Our memory systems

are powerful because they're not constrained to be perfectl
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CEAPTER 2C

CONTEXT AND
AMBIGTIITY

Any attempt at a philosophical anangement under categories of
the words of our language must reyedl the fact that it is

impossible to separate and circumscribe the seyeral groups by
absolutely distinct boundaries. Were we to disengage their

interwoyen ramifications, and seek to confine every word to its
main or original meaning, we should find some secondary

meaning has become so firmly associated with many words and
phroses, that to seyer the alliance would be to deprive our

language of the richness due to an infinity of natural
adaptations.
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20.I AMBIGUITY

We often find it hard to "express our thoughls"-16 summarize our mental states or put our

ideas into words. It islempting to blame this on the ambiguity of words, but the problem is

deeper than that.

Thoughts themselv es are ambiguous!

At first, one might complain that that's impossible. "I'm thinking exactly what I'm thinking;

there's no wdy it could bi otherwise. And this has nothing to do with whether I can express it

precisely." Bttt"what you're thinking now" is itself inherently ambiguous. If we interpret it to

mean the states of all your agencies, that would include much that cannot be "expressed"

simply because it is not acc.rr=ibl. to your langrsage-agency. A more modest interpretation of
;;iioi yo,u'rn thinking now" would be a partial indication.of the present states of some of your

higher-level agenciesl But the significance of any agency's state depends on how it is likely to

affect the states of olh., agenciel. This implies thaiin order to "express" your present state of

mind, you have to partiallf anticipate whal some of your agencies are about to do. Inevitably,

Uv ttri, ii-. yo,r'u. managed to express yourself, you're no longer in the state you were before;

your thoughts were a-blguous to begin with, and you never dld succeed in expressing them

but merely replaced them with other thoughts'
This is not lust a matter of words. The problem is that our states of mind are usually subiect

to change. The properties of physical things tend to persist when their contexts are changed-

but thel'significance" of a thought, idea, or partial state of mind depends upon which other

thoughts aie active at the time and upon what eventually emerges from the conflicts and

negotiations among one's agencies. It is an illusion to assume a clear and absolute distinction

bet"*een ,.expressing" and '{hinking," since expressing is itself an active process that involves

simplifying and recJnstituting 
" 

-..tt"l state by detaching it from the more diffuse and variable

parts of its context.
The listener, too, must deal with ambiguity. You understand "I wrote a note to my sister,"

despite the fact that the word "note" could mean a short letter or comment, a banknote, a

*rrsical sound, an observation, a distinction, or a notoriety. If all our separate words are

ambiguous by themselves, why are sentences so clearly understood? Because the context of

"r"tri.p"r"te 
word is sharpened by the other words, as well as by the context of the listener's

recent past. We can tolerite the ambiguity of words because we are already so competent at

coping with the ambiguity of thoughts.
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2O.2 NEGOTTATING AMBIGIIfIY

Many common words are ambiguous enough that even simple sentences can be understood
in several ways.

The astronomer married the star.

It probably was a movie star-though the listener may have experienced a moment of con-
fusion. The trouble is that the word "star" is linked to different polynemes for a celestial body,
a theatrical celebrity, or an object with a certain shape. The momentary confusion comes
because the word "astronomer" gives us an initial bias toward the celestial sense of "star." But
that inhuman meaning causes conflict in our marriage-agent, and this soon leads to another,
more consistent interpretation. The problem is harder when a sentence contains two or more
ambiguous words.

Iohn shot two bucks.

Alone, the word "shot" could refer either to shooting a gun or, in American slang, to making
a bet. By itself, the word "buck" could mean either a dollar or a male deer. These alternatives
permit at least four conceivable interpretations. Two of them are quite implausible, because
people rarely shoot bullets at dollars or bet deer. But the other two are possible, since, unfor-
tunately, people do bet dollars and shoot at deer. Without more clues, we have no way to
choose between these interpretations. Yet we wouldn't have the slightest doubt that "buck"
means dollar if the previous context gave a hint that money or gambling was involved-rather
than hunting, forestry, or outdoor life.

How do "contexts" work to clarify such ambiguities? The activity of an outdoors polyneme
would start by producing a small bias for arousing deer rather than dollar and gun instead of
bef. Then the "ring-closing" effect would swiftly make that preference sharp. Other polynemes
like those for hunting and killing will soon be engaged and will combine to activate the recog-
nizers for yet other, related polynemes like those for forest and animaL soon this will produce
a collection of mutually supporting polynemes that establish a single, consistent interpretation.

One might fear that this would lead, instead, to an avalanche that arouses all the agents of
the mind. That would be less likely to happen if the different possible senses of each word are
made to compete, by being assembled into cross-exclusion groups. Then, as the polynemes for
deer and gun gain strength, they will weaken and suppress the competing nemes for money and
for wagering-and that will weaken, in turn, the other polynemes that support the alternative
context of making bets. The end effect of this will be almost instantaneous. In only a few cycles
of the meaning ring, the agents associated with deer and gun will completely suppress their
competitors.
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20.3 VISUAT AMBIGTIITT

We usually think of "ambiguity" as an aspect of language-but ambiguities are just as com-

mon in vision, too. What's that structure shown below? It could be regarded as nine separate

blocks, as an arch supported by two other arches, or as a single, complicated, nine-block arch!

What process makes us able to see that superarch as composed of three little arches rather

than of .rirr" ,.p"rrte blocks? How, for that matter, do we recognize-those as blo.cks in the first

fir"", instead of seeing only lines and corners? These "ambiguitieg" are- normally resolved so

i,ri.kly and quietly thit oui higher-level agencies have no sense of conflict at all. To be sure,

we sometim", hru" the sense of perceiving the same structure in several ways at once-for

example, as both a single complex arch and as three separate simpler arches. But we usually

lock in on one particular interpretation.
Sometimes no lowerlevel information can resolve an ambiguity-as in the case of this

example by Oliver Selfridge.-TAE CAT
Here, there is no difference whatever between the H and the A, yet we see them as having

distinct identities in their different contexts. Evidently, the "simulus" produced by the visual

sense is strongly affected by the state of some language-related agency. Furthermo_re, just as we

can describ. th. ,"-, figure in different ways, we often can describe different figures in the

,^*. *"y. Thus, we recognize all these figures as similar, though no two of them are actually

the same:

A
If we described each of these in terms of the lengths, directions, and locations of their lines,

they would all seem very different. But we can make them all seem much the same by describ-

ing each of them in the same way, perhaps like this: "a triangle with two lines extended from

oie of its rertices." The point is that what we "see" does not depend only or what reaches our

eyes from the outside *o.ld. The manner in which we interpret those stimuli depends to a large

extent on what is already taking place inside our agencies.
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2O.4 TOCKING.IN AND WEEDING-OUr

Most language-words are linked to many different polynemes, which correspond to the many
"meaning-senses" of each word. To arouse so many polynemes at once would often lead to
conflicts as each tries to set one's agencies into different states at the same time. If there are no
other contextual clues, some of these conflicts would be resolved in accord with their connec-
tion strengths. For example, upon hearing "The astronomer married the stdr," a playwright
would tend to give priority to the theatrical sense of "star," whereas an astronomet *buid think
first of a distant sun, other things being equal.

But other things a.re ng! usually equal. At every moment a person's mind is already involved
with some "context" in w-hich many agents are actively aroused. Because of this, as each new
word arouses different polynemes, these will compete to change the states of those agents.
Some of those changes will gain support as certain combinations of agents reinforce one
another. Others that lose support and are left to stand alone will tend to weaken, and most
ambiguities will thus be weeded out. In a few cycles, the entire system will firmly "lock in" on
one meaning-sense for each word and firmly suppress the rest.

A computer program that actually worked this way was developed by )ordan Pollack and
David Waltz. When applied to the sentence, "lohn shot two bucks," and supplied with the
faintest context clue, the program would indeed usually settle into a single, coniiitent interpre-
tation. In other words, after a few cycles, the agents ended up in a pattern of mutually support-
ing activities in which only one sense of each word remained strongly active while all the other
meaning-senses were suppressed. Thereafter, whether this "alliance" of word-senses was in-
volved with hunting or with gambling, it became so self-supporting that it could resist any
subsequent small signal from outside. In effect, the system had found a stable, unambiguoui
interpretation of the sentence.

What can be done if such a system settles on a wrong interpretation? Suppose, for example,
that an "outdoors" clue had already made the system decide that fohn was hunting, but later it
was told that fohn was gambling in the woods. Since a single new context clue might not be
able to overcome an established alliance of meaning-senses, it might be necessaty for some
higher-level agency to start the system out afresh. What if the end result of locking-in were
unacceptable to other agencies? Simply repeating the process would only lead to making the
same mistake again. One way to prevent that would be to record which meaning-senses were
adopted in the previous cycle and suppress them temporarily at the start of the next cycle. This
would probably produce a new interpretation.

There is no guarantee that this method will always find an interpretation that yields a mean-
ing consistent with all the words of the sentence. Then, if the locking-in process should fail,
the listener will be confused. There are other methods that one could attempt, for example, to
imagine a new context and then restart the ring-closing process. But no single method will
always work. To use the power of language, one must acquire many different ways to under-
stand.
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20.5 MICRONEMES

That old idea of classifying things by properties is not entirely satisfactory, because so many

kinds of qualities interaci irlcomflicated ways. Every situation or condition we experience is

influenced or, so to speak, colored, by thousands ofcontextual shades and hues, iust as looking

through a tinted glass has faint effects on everything we see'

material: animate, inanimate; natural, artificial; ideal, actual
perceptual: color, texture, taste, sound, temperature
iolidity: hardness, density, flexibility, sttength
shape: angularity, curv dturc, sy mmetry, v erticality
permanenc e: rarity, age, fragility, replaceability
iocation: office, home, t'ehicle, theater, city, forest, farm
environme nt: indoors, ou t do or s ; public, pritt at e
activity: hunting, gambling, working, entertaining
relationshi pz cooperation, conflict: negotiating, confronting
security: tilety, danger; refuge, exposure; escdpe, defeat

Some of these conditions and relationships may correspond to language-words, but for most

of them we have no words, iust as we have no expressions for most flavors and aromas, gestures

and intonations, attitudes'and dispositions. I'll call them "micr6nspss"-those inner mental

context clues that shade our minds; activities in ways we can rarely express. Th-.tf is a somewhat

different microstructure to each person's thoughts; indeed, their inexpressibility reflects our

individuality. Nevertheless, we can clarify our image of the mind by envisioning these unknown

influences as embodied in the forms of particular agents. Accordingly, in the next few sections,

we'll envision our micronemes as K-lines that reach into many agencies with widespread effects

on the arousal and suppression of other agents-including other micronemes. These micro-

nemes participate in aliihose "locking-in" and "weeding-out" processes, so that, for example,

the activity ol yorrt microneme for "outdoors" makes a small contribution to arousing your
.hunting"'*i.ro.r.-.. While each such effect may be relatively small, the effects of activating

many micronemes will usually combine to establish a context within which most words are

understood unambiguouslY.
For example, in Jne context the word "Boston" might bring to mind some thoughts about

the American Revolution. In a different setting, the same word might lead one to think instead

of a geographic location. Other contexts might yield thoughts about famous universities, sport-

i"g t?"tir, iife-styles, accents of speech, or traditional meals. Each of these concepts must be

refiresented by a certain network of agents that are connected, directly or indirectly, to the

word-agent for Boston. But hearing or thinking that word by itself is not enough to determine

which of thor" word-sense networks to activate; this must also depend upon other aspects of

the present context. Our hypothesis is that this comes about principally through each word-

sense agent learning to recognize the activation of certain combinations of micronemes.

Even"modest faniilies of micronemes could span vast ranges of contexts. A mere forty inde-
pendentmicronemes could specify a trillion different contexts-and we surely have thousands,

and perhaps millions of different micronemes.
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20.6 THE NEMEIC SPIRAT

Our polynemes and micronemes grow into great branching networks that reach every level
of every agency. They approximate the general form of a hierarchy, but one that is riddled with
shortcuts, cross-connections, and exceptions. No one could ever comprehend all the details of
the connections that develop inside a single human individual; that wtuld amount to grasping
how all that person's thoughts and inclinations interact. At best, we can envision only thE
broadest outlines of such structures:
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In regions near the agencies for speech, some elements of this network might signify or
represent ideas and thoughts we can easily express in words. But because speaking is a social
act, we are far less able to express the significance of the nemes involved with aeencies that are
not directly concerned with communication. This is because those agencies are Lss constrained
by the discipline of public language; accordingly, the nemes insidi those asencies can varv
more from one person to the next.

In any case, our higherJevel agencies are generally unaware of what our lower-level agents
do; they supervise and regulate-but scarcely comprehend at all-what happenr ,-o1gih.i,
subordinates. For example, a high-level agency might find that a certain rubrg..r"y is unpro-
ductive, because it is responding to too many micronemes-or to too few-and adiusl i*
sensitivity accordingly. Like a B-brain, a controlling agency could make such judgments with-
out comprehending the local meanings of those micronemes. This could also provide a basis
for controlling the levels of the activities of those other agencies-just ,r *. ,ugg"sted when
we discussed the idea of a "spiral" computation within an agency and its K-line trees. When the
work appears to be going well, the supervisor can direct the lowerlevel processes to "spiral
down" toward small details. But when there seem to be too many obstacles, the level of activity
would be made to "spiral up" instead, to levels capable of diagnosing and altering an ineffective
plan.
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20.7 CONNECTIONS

To speak and understand a language well, an ordinary person must learn thousands of words'

To learn the proper us; ;i; sir,fle i'ord must involve great numbers of connections between

the agents for that word and other agents. what could cause such connections to be made, and

what might be their physical embodiments?
Any compr.t.rrii.'theory of the mind must include some ideas about the nature of the

connections among agents. Consider that a person can learn to "associate" virtually any com-

bination of ideas o, *?rJt. Does-this require us to assume that it is possihle for a given KJine

agent to become connected, directly, to any of thousands or millions of other agents? That

seems out of tn. q"Lriion, in view of what we know about connections in the human brain'

il;;; biain cells hru. fib.rs that branch out enough to-approach-many.thousands of other

..lts-brrt few of them branch out enough to reach millions of other cells, and as far as we

k;;;, a mature brain cell can only -ake"new connections to other cells that already lie close

L tn. fibers that branch into or out from it. Furthermore' we do not seem to grow many new

brain cells after birth; o1 th. contrary, their number actually decreases. To be sure, brain cells

continue to "mature'i fo, ,.u..al years, and probably their fibers grow extensively' But no one

v.i f.""*r whether this comes about 
", 

, ,"r.tlt of learning new connections or whether it must

ir;p;;" first, to make it feasible for those cells to learn new connections'

Even the ,rr"rrg.-"rrts of long-distance connections between our brain cells do not permit

direct connection between arbitrary pairs of agents, for those long connections are generally

,rr"r,g.d in relativeiy 
"iJ.rLV 

Lr"di.r, l.r, ,"gul^t but otherwise resembling the parallel path-

*"v, F-- skin to brain. Foitunately, direct clnnections are not really necessary, for the same

reasons that every t.t.ptto". in the world can easily be connected to any other telephone

without the need foi 
"onn."ting 

a billion separate wires to each house. Instead, telephone

,yrt"-, make their connections indirectly, by using agencies called "exchanges" that require

only moder"t. ,r,r*b..s of wires. I don't mean to suggest that brains use the sorts of switching-

schemes found itt i"t"pt o"e systems but only to say that it is not necessary for every Kline

"g."i 
to directly contait every agent to which it might eventually become linked'

There are several factors thaireduce the magnitude of the interconnection problem' First,

in order to reproduce the major features of a remembered partial state of mind, it should suffice

to activate only a representative sample of its agents' Second, according to our theory of

knowledge-trees, mosi Klines' 
"orrrre"iio.ts 

are indirect to begin with, since th.ey connect only

to other,-nearby K-line trees. A polyneme, too, need be-connected only to a single memorizer

"g.rrt 
,r"r, .r.ir agency. And ni K-line needs potential connections to all the agents in any

"i.rr"y, 
since it is Jnough to make connections only in a certain level-band.
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TRANSMITTING.AGENTS

RECEIVING.AGENTS

2O.8 CONNECTION IJNES

Or in the night, imagining some fear,
How easy is a bush supposed a bear.

-Wr r , l r e l r  S  ga re  spnene

The diagram below depicts a connection-scheme that permits many agents to communicate
with one a1-other, yet trses surprisingly few connectior wires. It w;s invented by Calvin E.
Mooers in 1946, before the modern era of computers. Here is how we 

"o,rld 
use lrst ten wires

to enable any of several hundred "transmittinglagents" to activate any of a similar number of"receiving-agents." The trick is to make.r"h trrnrrnitting-agent excite not one, but five of
those wires, chosen at random from the available ten. ThJn lach receivirrg-agent is provided
with an AND-agent connected to recognize the same five-wire combinationl

In this example, each receiving-agent is aroused by precisely one transmitting-agent. If we
wanted each receiving-agent to respond to several tranimitting-agents, we coulJioin together
several separate recognizers so that the receiving-agent's input lools like a tree with a recognizer
at the tip of each branch. How could those receivers learn which input paitet"r-io recognize?
One way would be to use the kind of evidence-weighing machinery *. d.rciibed earlier.
Indeed, for brain cells.that would seem quite plausible, since a typical 6rain cell actually has a
treelike network to collect its input signals. No or,. yet knows quite what those netwoik, do,
but I wouldn't be surprised if many of them turn out to be simple Perceptron-like learning
machines.

The network shown in the diagram above has a serious deficiency: it can transmit only one
signal at a time. The problem is that if several transmitting-agents were aroused at once, aimost
all ten connecting wires would be activated, which woulJ tlien arouse all the receiving-agents
and cause an avalanche. However, we can make that problem disappear by proviJi.r! th.
system with enough additional connection wires. For exampl., ruppoi. there"were ten thou-
sand connection wires rather than ten, and that each transmitting-agent became attached to
about fifty of them. Then, even if one hundred agents were to r.ltrd-th.i, signals all at once,
there would be less than one chance in a tril l ion that this would erroneoisly activate any
particular receiving-agent!

(B)(c)(B)(A)
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20.9 DISTRIBUTED MEMORY

Let's redraw our connection line-scheme in the form of three layers of agents.

,a'"___<^
- \ ' - \ / 17

\ X 
roorHERAGEA'IS

ThANSIIITTERS cot{NEcToRS FECEIVENS

The transmitting-agents can simply be KJines or memorizers, since each of them sends

signals to a variety of lther agents. ihe receiving-agents can be simple recognizers, since each

oi the- is aroused only by certain combinations of connector-agents. However, because a

ivpi"li 
"g."t 

must both arouse other agents and be aroused by other agents, it must tend to

branch botfr at its inputs and at its outputs. So our network can be drawn to look like this:

When we represent the agents this way, we see that they can all be simple evidence-weighing

agents, onlv with different "threshold" values. Each recognizer could start out with connections

to many connector-agents and then, somehow, learnto recognize certain signals by altering its

"o.r.r."iion 
weights. Would it be practical to build learning machines according to such a

simple scheme?1hat was the dream of several scientists in the I950s, but none of their experi-

-.rrt, worked well enough to stimulate further work. Recently, a new type of network machine

has shown more promise: the so-called Boltzmann machine resembles a Perceptron in having

an automatic procedure for learning new connection weights, but it also has some ability to

resolve ambiguities by using a variety of "ring-closing" process. The next few years should tell

us more about such machines. Perhaps they could provide a basis for memory-systems that

work very much the way K-lines do, to reproduce old partial states of mind.

In designing these clever ways to reduce the numbers of connecting wires, most researchers

haue profoseJ wiring the connections at random, so that no signal on any particular wire has

"ny 
rig.rifi"ance by itself but represents only a fragment of each of many unrelated activities'

This has the mathematical advantage of producing very few accidental interactions. However,

this seems to me a bad idea: it would moke it very hard for a transmitting-ogency to learn how

to exploit a receiting-agency's abilities. I suspect that when we understand the brain, we'll

discover that small groups of connection lines do indeed have local significance-because they

will turn out to be the most important agents of nearby levels. The connection lines themselves

will constitute our micronemes!
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2!.! THE PRONOUNS OF THE MIND

We often say what we want to say in fewer words than might seem possible.

"Do you see the table oYer there?" "Yes."
"Do you see the red block on it?" "Yes-"

"Good. Please bring it to me."

That first "it" saves the speaker from having to say "that table" again. The second "it" does

the same for "the red btock." Accordingly, many people consider a pronoun like "it" to be an

abbreviation or substitute for another phrase used recently. But when we look at this more

carefully, we see that a pronoun need not refer to any phrase at all. For instance, the word

"this" in the previous sentence was not an abbreviation for any particular phrase. Instead, it

served as a signal to you, the reader, to examine more carefully a certain partial state of mind
-in this case, a certain theory about pronouns-that I assumed was aroused in your mind by

the sentences that preceded it. In other words, pronouns do not signify objects or words;

instead, they represent conceptions, ideas, or activities that the speaker assumes are going on

inside the listener's mind. But how can the listener tell which one of the activities is signified

when there are several possibilities?

"Do you remember the ring lone liked?" "Yes."
"Good. Please buy it and give it to her."

How do we know that "her" means |ane and that "it" means the ring-and not the other way

around? We can tell that "her" is not the ring because English grammar usually restricts the
pronoun "her" to apply only to a female person-though it could also mean an animal, a
country, or a ship. But you would know that "it" means "the ring" in any case, because your
Buy agency would not accept the thought of buying fane, nor would your agency for Give
accept the thought of giving gifts to rings. If someone said, "Buy f ane and give her to that ring,"
both Buy and Give would have such strong conflicts that the problem would ascend to the
listener's higher-level agencies, which would react with disbelief.

Our language often uses pronounlike words to refer to mental activities-but we do not do
this only in language: it happens in all the other higher-level functions of our minds. Later we'll
see how Find will find a block-rather than, say, a toy giraffe-even though Builder has only
said"find." The trick is that Find will use whichever description happens to be available in its
current context. Since it's already working for Builder, its subagents will assume that it should
find a building-block.

Whenever we talk or think, we use pronounlike devices to exploit whatever mental activities
have already been aroused, to interlink the thoughts already active in the mind. To do this,
though, we need to have machinery we can use as temporary "handles" for taking hold of, and
moving around, those active fragments of mental states. To emphasize the analogy with the
pronouns of our languages, I' l l call such handles "pronomes." The next few sections speculate
about how pronomes work.
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2I .2 PRONOMES

Why are sentences- so easy to understand? How do we compress our ideas intowords and, later, get them out again? Typically, an English sentence is built around arepresents some sort of act, event, or change:

lack drove from Boston to New york on the turnpike with Mary.

As soon as you hear such a thing, parts of your mind become engaged with these sorts ofconcerns related to driving:

strings of
verb that

These concerns and "roles" seem so important that every language has developed special
word-forms or grammatical constructions for them . How do we know who drove the car? We
know that it's "lack"-because the Actor comes before the verb. How do we know (t c(tr w(rs
involved? Because that is the default Vehicle for "driv e." When did alt this happen? Inthe past-because the verb drive has the form dr-o-ve. Where did the iourney start and end? We know
that those places are Boston and New York, respectively, because in English the prepositions
fl"y and fo precede the Origin and Destination. But we often use the *-" prepositions for
different kinds of concerns. In the sentence about driving, "from" and "to" ,"f.r'to places in
space. But in the sentence below they refer to intervals of time:

He ch.anged the liquid from water to wine.

The liquid has changed its composition from what it was "at" some previous time. In English
we use prepositions like "from," "to," and "at" both for places in space and for momenls in
time. This is not an accident, sinc e representing both space and time in similar w(rys lets us
ab\ly the selfsdme redsoning skills to both of them. Thus, many of our language-grammar
"rules" embody or reflect some systematic correspondences-and these are among our most
powerful ways to think. Many other language-forms have evolved similarly to make it easy for
us to formulate, and communicate, our most significant concerns. The next few ,""iion,
discuss how the "pronomes" we mentioned earlier could be involved in processes we use to
make both verbal and nonverbal "chains of reasonirrg."
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2I.3 TRAfiS-FRAMES

Whenever we consider an action, such as moving from one place to another, we almost

always have particular concerns like these:

Where does the action start? Where does it endT

What instrument is used? What is ifs purpose or goalT

What are its effects? What difference will it make?

We could represent several of these questions with a simple diagram, which we'll call the

Trans-frame.

O R I G I N DIFFERENCE DESTINATION

In the early 1970s, Roger Schank developed ways to represent many situations in terms of a

relatively few kinds of relations which he called "conceptual dependencies." One of these,
called P-Trans, represents a physical motion from one place to another. Another, called M-
Trans, represents the sort of mental transportation involved when John tells Mary his telephone
number; some information "moves" from fohn's memory to Mary's memory. A third type of
conceptual dependency, called A-Trans, represents what is involved when Mary buys fohn's
house. The house itself doesn't move at all, but its "ownership" is transferred from |ohn's estate
to Mary's estate.

But why should we want to represent, in the same way, three such different ideas: transpor-
tation in space , trdnsmission of ideas, and transfer of ownership? I suspect that it is for the
same reason that our language uses the same word fragment trans for all of them: this is one of
those pervasive, systematic cross-realm correspondences that enables us to apply the same or
similar mental skills to many different realms of thought. For example, suppose you were to
drive first from Boston to New York, and then from New York to Washington. Obviously the
overall effect would be equivalent to driving from Boston to Washington-but that wouldn't be
so "obvious" unless you used a certain kind of mental chaining skill. Similarly, if fohn told you
his phone number, and you then told it to Mary, this would end up much as though fohn had
told Mary directly. And if you first bought |ohn's house and then sold it to Mary, the net result,
again, would be as though Mary had bought it directly from |ohn. All three forms of Trans-
frames can be used in chains! This means that once you learn efficient chain-manipulating
skills, you can apply them to many different kinds of situations and actions. Once you know
how to do it, constructing mental chains seems as easy as stringing beads. All you have to do is
replace each Trans-frame's Destination with the next one's Origin.

O R I G I N
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2T.4 COMMUNICATION AMONG AGENTS

If agents had huge minds like ours, they could talk the way people do-and Add could say,
"Please, Get an apple and Put it in the pail." Perhaps our largest agencies can deal with
messages like that, but smaller agencies like Gef cannot interpret such expressions because
they're much too specialized to understand complicated wants and needs. Then how could Gef
know what to get-in order to find an apple rather than a block, a fork, or a paper doll? To
examine this problem, we'll have to make some assumptions about what happens in a listener's
mind. For the moment, let's simply assume that the result is to activate a Builder-like society
with these ingredients:

GET
.^

FIND \
n \__

/ \ GRASP
/ 

\ 
aPPre

LOOK-for MOVE-arm-to L
apple apple location

At first sight, it seems as though all these agents are involved with the apple and the pail. But
a closer look shows only the low-level agents Look-for and Grasp are actually concerned with
the physical aspects of actual objects; all the others are merely "middle-level managers." For
example, the agent Gef doesn't actually "get" anything; it only turns on Find and Grasp at the
proper time. To be sure, Look-for rvill need some information about what to look for-that is,
about an apple's appearance, and Move will need information about the apple's actual location.

Nevertheless, we'll see that this information can become available to those agents without any

need for messages from Get. To see how agents can operate without explicit messages, let's

compare two ordinary language descriptions of how to put an apple into a pail. Our first script

mentions each object explicitly in every line, the way one might speak to a novice.

Look for an apple. Move the arm and hand to the apple's location.
Prepare the hand to grasp an apple-shaped obiect. Grasp the apple.
Now look for the pail. Move the arm and hand to the pail's location.
Release the hand's grip on the apple.

Now let's rewrite this description in a style more typical of normal speech.

Look for an apple. Move the arm and hand ta its location.
Prepare the hond to grosp an obiect of thot shope. Grasp it.
Now look for the pail. Move the arm and hand to its location.
Release the hand's griP.

This second script uses the words "apple" and "pail" only once. This is how we usually speak;

once something has been mentioned, we normally don't use its name again. Instead, whenever

possible, we replace a name by a pronoun word. In the next few sections I'll argue that it is not

bnly in language that we replace things with pronounlike tokens; we also do this in many other

forms of thought. It could scarcely be otherwise, because in order to make sense to us, our

sentences must mirror the structures and methods we use for managing our memories.

IFANS

A
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2I.5 AUTOMATISM

How do higher-level agencies tell lower-level agents what to do? We might expect this prob-
lem to be harder for smaller agencies because they can understand so much less. However,
smaller agencies also have fewer concerns and hence need fewer instructions. Indeed, the
smallest agencies may need scarcely any messages at all. For example, there's little need to tell
Get, Put, or Find what to "get," "prt," or "find"-since each can exploit the outcome of the
Look-for agency's activity. But how can Loak-for know what to look for? We'll see the answer in
a trick that makes the problem disappear. In ordinary life this trick is referred to by names like
"expectation" or "context. "

Whenever someone says a word like "apple," you find yourself peculiarly disposed to "notice"
any apple in the present scene. Your eyes tend to turn in the direction of that apple, your arm
will prepare itself to reach out in that direction, and your hand will be disposed to form the
corresponding grasping shape. This is because many of your agencies have become immersed
in the "context" produced by the agents directly involved with whatever subiect was mentioned
recently. Thus, the polyneme for the word "apple" will arouse certain states of agencies that
represent an object's color, shape, and size, and these will automatically affect the Look-for
agency-simply because that agency must have been formed in the first place to depend upon
the states of our obiect-description agencies. Accordingly, we can assume that Look-for is part of
a larger society that includes connections like these:

This diagram portrays an automatic "finding machine. " Whether an apple was actually seen,
imagined, or suggested by naming it, the agents for Color, Shape, and Size will be set into states
that correspond to "red, round, and apple-sized." Accordingly, when Look-for becomes active,
it cannot help but seek an object with those properties. Then, according to our diagram, once
such a thing is found, its locationwill automatically be represented by the state of"n agency
called Place-again, because this is the environment within which Look-for grew. The same
must be true of the agency Move-arm-fo, which must also have grown in the context of some
location-representing agency like Place. So when Move-arm-fo is aroused, it will automatically
tend to move the arm and hand toward that location without needing to be told. Thus, such an
arrangement of agencies can carry out the entire apple-moving script with virtually no "general-
purpose" communication at all.

This could be one explanation of what we call "focus of mental attention." Because the
agency that represents locations has a limited capacity, whenever some obfect is seen or heard
-or merely imagined-other agencies that share the same representation of location are likely
to be forced to become engaged with the same object. Then lhir b""omes the momentarv "iti'
of one's immediate concern.

APPLE.NEME

MOVE.
A R M .
TO
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2I .6 TRA.ilIS.FRAME PRONOIfES

Our first Trans-frame scheme was connected to only four pronomes-Origin, Destination,
Difference, andTraiectory. These are just enough to link together a simple chain of reasoning.
But what about all the other roles that things can play-like Actors, Recipients,Vehicles, Goals,
Obstacles, and lnstruments? In order to keep track of these, we surely need some other pro-
nomes, too. So now we shall imagine a larger kind of Trans-frame scheme that engages, all at
once, a much larger constellation of different pronome roles.

, ,  ,  , ,  . , , , , i , ,  , . lEFFECr,, , , ,  , , ,  . , , . , . , , ,
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TO BE IN NEW'YORK

Why propose this particular structure instead of some other arrangement? Because I suspect

thatTrans-like structures have a special prominence in how we think. One reason is that some

sort of bridgelike scheme seems indispensable for making those all-important connections be-

tween structures and functions. Without that bridge trajectory, it might be hard to connect

what we learn about things to what we learn about using them. Also, in order to use chainlike

thinking skills, we need to be able to represent what we know in ways that provide connection

points for roles like Orig ins, Destinations, and Differences. All these requirements suggest the

use of bridgelike frames.
One might wonder if we need to use any "standard" representations at all. The answer is that

we do, indeed, if only because of the Investment principle. No matter what kind of representa-

tions we adopt, there's nothing we could do with them until we also learn effective skills and

memory-scripts that work with them. And since such complex skills take time to grow, we'd

never have enough time to learn new sets of representations for every different new idea. No

powerful skills would ever emerge without some reasonably uniform schemes for representing

knowledge.
Trans-like representation-schemes have been very useful in Artificial Intelligence research

projects. They have been useful, among other things, for making theories of problem solving,

ior'making 
"i.u.r 

computer programs to simulate "expertise" in various specialties, and for

making progr"-s that ,tndetsiand languagelike expressions to limited degrees. In the next few

sectioris^*.Il see how to use them for making several different kinds of "chains of reasoning."
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2I .7 GENERATIZING WITH PRONOMES

From every moment to the next, a person's state of mind is involved with various objects,
topics, goals, and scripts. When you hear the words of the sentence , "Put the apple in the pail,"
somehow this causes the subjects of "apple," "pail" and "putting in" to "occupy your mind."
Later we'll speculate about how these become assigned to appropriate roles. Here, to make the
story short, let's just assume that at a certain point the language-agency interprets the verb
"put" to activate a certainTrans-frame and to assign the apple-neme to the Obiect pronome of
that Trans-frame. The automatic "finding machine" described earlier then assigns the apple's
location to the Origin pronome. Similarly, the pail's location is assigned to the Desf ination
pronome. (As for the lnstrumenf pronome, this is assigned to the listener's hand by default.)
Now each entity "on the listener's mind" is represented by one or another pronome assignment.
We're almost done, except that in order to actually perform the imagined action, we need some
kind of control process to activate the proper agencies in the proper sequence!

Activate apple-neme, Look-for, and Move.
Then octiyate Grasp.

Activate pail-neme, Look-fo4 and Move.
Then activate Ungrasp.

This suggests a way to learn a skill. The first few times you try to do something new? voll
must experiment to find which agents to activate, and at what times, and for how long. Later,
you can prepare a script that will do the job more quickly and easily by accumulating memories
of which agent-activations were successful, together with memories of which polvnemes were
assigned to various pronomes at those moments. For example, if you were to-"piay back" the
"Trdns-script" shown above, your arm would find and put a second apple in that pail-without
invoking any higher-level agencies at alll However, this script has a dreadful limitation: it will
work only to put apples into pails. What if you later wished to put a block into a box or a spoon
into a bowl? We could do that by dividing the process into two scripts: a "pronome-assignmept
script" and an "action script. "

Assignment Script:
Assign the apple-neme to the Origin pronome.
Assign the pail-neme to the Destination pronome.

Action Script:
Activate origin. Then turn on Look-for, Move, and Grasp.
Activate Destination. Then turn on Look-for, Move, and (Jngrasp.

Now notice that the action script never actually mentions the apple or pail at all but refers
only to the pronomes that represent them. Thus the same action script will serve as well for
putting a block into a box as for putting an apple into a paill
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2I .8 ATTENTION

When several obiects move at once, it's hard to keep track of them all. This also seems to bethe case in every other realm of thought; the more things we think about, the harder it is to pay
attention to them all. We're forced to focus on a fe* while losing track oi"ll the rest. What
causes these phenomena? I'll argue that they're aspects of the processes we use to control our
short-term memories. These skills develop over time; an aduli can do things with memories
that infants cannot do at all, such as remembering details of an action's purpose and trajectory,
and how various obstacles were overcome. An infant, though, can baretv keep track of what it's
holding in one hand and is likely to forget what's in its othe"r hand.

How does memory-control begin? Perhaps our infants first acquire control over a single
pronome, which gives them the ability to keep in mind a "temporary polyneme. " This amounts
to being able to-maintain only a single "object of attention"; lei's cali ii ff. Now even the ability
to keep track of a sin_gle IT requires the development of certain skills of memory-control, for it
takes the normal infant several months to become able to tolerate even , r-rll interruption
without losing its previous focus of interest.

One kind of interruption comes, for example, when watching a ball that happens to roll
behind a box. To a very young infant, that IT will simply disapp""i fro* mind. ,t" blaet infant
will remember IT and expect the ball soon to reappear; we can see this in the way the older
infant's eyes look toward the far side of the box. If the ball does not soon ,.rpp."i, the older
child will actively reach around the box for it, which shows that the child has maintained some
sort of representation of IT. Another variety of interruption can come from inside the child's
own mind, from refocusing on the same object, but at a different level of detail. For example,
when a young child concentrates upon a doll's shoe, it may forget its original concern withlhe
doll itself. Later, that concern with the shoe may be replaced, in turn, when the baby becomes
occupied with the end of the shoelace.

But what's an IT? The ability to focus attention could start with some machinery for keeping
track of simple polynemes for object-things. In later stages, an IT could represent more com-
plex processes or scripts that keep track of entire Trans-actions with their various pronomes for
Obiects, Origins, Destinations, Obstacles, Traiectories, and Purposes. Eventually our ITs de-
velop into complex systems of machinery that represent the things that are "on one's mind" at
the moment. In later life, we become more able to maintain several ITs at once. This enables
us to construct comparisons, predictions, and imaginary plans, and to begin to construct expla-
nations in terms of chains of causes and reasons.
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CHAPTER 22

EXPRESSION
Henri finally cdme to the conclusion that the book owed its

success simply to misunderstandings. Lambert believed he had
meant to exalt individualism through collective action, and

Lechaume, on the other hand, believed it preached the sacrifice
of the individual to collectivism. Everyone emphasized the
book's moral character. And yet Henri . . . had thought of a

mdn and of a situation, of a certain relationship between that
mdn's past life and the crisis through which he was passing, and

of a great many other things which none of the critics had
mentioned. Was it his fault or the readers'? The public, Henri
was forced to conclude, had liked a completely different book

from the one he believed he was offering them.

- S r M o N E  D E  B s a u v o r R



22.I PRONOMES AND POTYNEMES

To represent the action "Pttt the appte in the pail," the Originpronome must be assigned to
an apple-neme' and the Destinatlon pronome to a polyrrerrre for pail. However, at another
time, another process might need the Origin to r.pr"r.rrt a bloci and the Destination to
represent a tower top. Each pronome must be assigned to different things at different times,
and only for long enough to complete the task of the moment. In other words, a pronome is a
type of short-term memory.

This suggests a simple way to embody the idea of a pronome: each pronome is simply a"temporary K-line." The basic difference, then, between a pronom. rtrd a K-line is thai a
pronome's connections are temporary rather than permanent. We can "assi gn" a prorro-. by
temporarilv connecting it to whichever currently active agents it reaches. Then, when we
"activate" that pronome again, those same agents will be aroused. To make the Origin pronome
represent an apple, first activate an apple-neme; this will arouse certain agents. Next, quickly
"assign" the Origln pronome. Those agents will then become attached to that pronome and
presumably remain attached until the pronome is reassigned.

If we compare pronomes and polynemes from this point of view, we see that they are closely
related.

Polynemes dre permanent K-Iines. They are long-term memories.
Pronomes dre temporary K-lines. They are short-term memories.

It is not yet known today how brains form long-term memories. One hypothesis would be
that we don't really have temporary K-lines at all, but that after a pronome's K-line is used, it
becomes permanent, and the pronome machinery gets connected to another, previously un-
used K-line. However this works, we know little about it except that it requires a substantial
amount of time to form a permanent memory-a time on the order of half an hour. If there is
any serious disturbance in that interval, no memory will be formed. There also is some evidence
that we can form new long-term memories at rates on the order of no more than perhaps one
every few seconds, but this is very imprecise because we have no good definition of what we
mean by separate memories. In any case, this seems to suggest that we might have several
hundred such processes going on at once.

Why does the process take so long? Perhaps because it simplv takes that long to synthesize
chemicals used to make permanent connection bridges between agents. Perhaps most of that
time is consumed in searching for an unused K-line agent, particularly for one that already has
the required potential connections. Or perhaps the required connections could emerge frorn
"distributed memories" like those we mentioned brieflv in section 20.9.
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22.2 ISONOMES

We introduced the concept of a polyneme to explain how an agent could communicate with
many other kinds of agencies. In order for a polyneme to work, each of its recipients must learn
its own way to react. Now we've seen a second way, for a pronome is also an agent that can
interact with many other agencies. The difference is that a pronome has essentially the sdme
effect on each of its recipients-namely, to activate or to assign a certain short-term memory-
unit. I'll introduce a new word-"i5sn61ps"-fsr any agent that has this sort of uniform effect
on many agencies.

An isonome has a similar, built-in effect on each of its recipients.
It thus applies the same idea to mdny different things at once.

A polyneme has different, learned effects on each of its recipients.
It thus connects the same thing to many different ideas.

Why should isonomes exist at all? Because our agencies have common genetic origins, they
tend also to be architecturally similar. So they'll tend to lie in roughly parallel formalions like
the pages of a book, operate in generally similar ways, and have similai memory-control pro-
cesses. Then any agent whose connections tend to run straight through the pages of that book
from cover to cover will tend to have similar effects on all of them.

Both isonomes and polynemes are involved with memories-but polynemes are essentially
the memories themselves, while isonomes control how memories are used. Pronomes are a
particular type of isonome; there must also be "interruption isonomes" that work similarly but
manage memories on larger scales-for example, for storing away the several pronome memo-
ries of an entire Trans-frame all at once. (We'll see how ro-"ihing like this must be done
whenever we encounter a grammar word like "who" or "which.") Ye[other types of isonomes
must be involved whenever an agent is used to control the level-band of activity in another
agency without concern for all the fine details of what happens inside that agency. So the power
of polynemes stems from how they learn to arous" -rny different pro"Jrr"s at once, while
isonomes draw their power from exploiting abilities that are already common to many agencies.
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22.3 DE.SPECIALIANG

Soon after learning how to put an apple into a pail, a child will discover that it now can put
the apple into a box or put an onion into the pail. What magic tricks allow us to "de-spec iali'ze"
whatever skills we learn? We've already seen one way to do this simply by replacing certain
polynemes with less specific isonomes. For example, our first apple-inio-pail proced.ri. rr, ,o
specialized that it could be used only to put apples into pails-because it ii based on using
specific polynemes for those obiects. However, the second script just as easily puts onions into
pails or umbrellas into suitcases, because it engages no polynemes at all, but only the Origin
and Destination pronomes. This script is more versatile because those pronomes can beLs-
signed to anythingl, Learning to think in terms of isonomes must be a crucial step in many types
of mental growth.

None of our many chaining tricks would have much use if each were permanently tied to
one specific polyneme like "owl" or "car" or "cup" or "gear." However, once we learn to build
our process scripts with isonomes, each can be applied to many kinds of reasoning-to logic,
cause, dependenCy, and all the rest. But changing polynemes to isonomes will not always work.
What could keep a child from trying to apply the script that works on "put the apple in the
block" to "put the ocean in the cup"? To prevent such absurdities, our script must also place
appropriate constraints on the Origin and Desf ination-for example, to ensure that the Desti-
nation must represent a containerlarge enough to hold the Origin thing, and that the container
be open toward the top. If all this seems too obvious to say, just watch a baby's first attempts to
put an object in a pail or pick up food with a spoon or a fork. It takes many weeks or months of
work to bring such skills to the point of usefulness. If we generalize too recklessly by changing
all our polynemes to isonomes, few of our generalizations will actually work.

What we call "generalizing" is not any single process or concept, but a functional term for
the huge societies of different methods we use to extend the powers of our skills. No single
policy will work for all domains of thought, and each refinement of technique will affect the
quality of the generalizations we make. Converting polynemes to isonomes may be a potentially
powerful skill, but it must be adapted to different realms. Once we accumulate enough exam-
ples of how a new script fails and succeeds in several situations, we can try to build a uniframe
to embody good constraints. But no matter which policy we adopt, we must always expect some
exceptions. You cannot carry birds in pails, no matter how well they fit inside. Premature
generalizations could lead to such large accumulations of constraints, censors, and exceptions
that it would be better to retain the original polynemes.
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22.4 TEARNING AND TEACHING

One frustration every teacher knows arises when a child learns a subject well enough to pass

a test, yet never puts that skill to use on problems met in "real life. " It doesn't often help to
scold but it sometimes helps to explain, through examples, how to apply the concept to other
contexts. Why do some children seem to do this for themselves, automatically and sponta-
neously, while others seem to have to learn essentially the same thing over and over in different
domains? Why are some children better than others at "transfer of learning" from one domain
to another? It doesn't explain anything to say that those children are "smarter," "brighter," or
"more intelligent." Such vaguely defined capacities vary greatly even among different parts of
the same mind.

The power of what we learn depends on how we represent it in our minds. We've seen how
the same experience can lead to learning different action scripts by replacing certain polynemes
with isonomes. Certain of those versions will apply only to specific situations, others will apply
to many more situations, and yet others will be so general and vague as to lead only to confu-
sion. Some children learn to represent knowledge in versatile ways; others end up with accu-
mulations of inflexible, single-purpose procedures or with almost useless generalities. How do
children acquire their "representation skills" in the first place? An educational environment can
lead a child to build large, complicated processes from smaller ones by laying out sequences of
steps. Good teachers know what size to make each step and can often suggest analogies to help
the child's mind to use what it already knows for building larger scripts and processes. By
making each step small enough, we can keep the child from getting lost in unfamiliar worlds of
meaningless alternatives; then the child will remain able to use previous skills to test and modify
the growing new structures. But when a new fragment of knowledge or process constitutes too
abrupt a break from the past, then none of the child's old recognizers and action scripts will
apply to it; the child will get stuck, and "transfer of learning" won't occur. Why are some
children better than others at "teaching themselves" to make changes inside their minds?

Each child learns, from time to time, various better wdys to learn-but no one understands
how this is done. We tend to speak about "intelligence" because we find it virtually impossible
to understand how this is done from watching only what the child does. The problem is that
one can't observe a child's strategies for "learning how to learn"-lssause those strategies are
twice removed from what we can see. It is hard enough to guess the character of the A-brain
systems that directly cause those actions. Think how much more difficult it would be for an
observer to imagine the multilayer teacher-learner structures that must have worked inside the
child to train the A-brain agencies! And that observer has no way at all to guess what crucial
"lucky accidents" may have led those hidden B-brains to persistent concerns with finding better
ways to learn. Perhaps our educational research should be less concerned with teaching chil-
dren to acquire particular skills and more concerned with how we learn to learn.
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22,5 INFERENCE

Linking structures together into chains is one of our most useful kinds of reasoning. Suppose
you learned that "lohn gdve the kite to Mary" and then "Mdry gdye the kite to lack." You could
then conclude that the kite went from fohn to fack. How do we draw such conclusions? Some
people think we use "logic" for this. A simpler theory is that we do it by fitting together Trans-
frames into chains. Suppose you see two frames like these:

Ail A's ,r. B', and All B's ,r. C'r.

Then just combine the first Origin with the secondDestination to make this new "deduction-
frame":

All A's ,r. C'r.

To do this sort of "reasoning," we have to use our isonomes to rearrange our short-term
memories. But this requires more than simple chaining. For example, all older children can
infer that Tweety can fly from "Tweety is a bird" and "AIl birds cdn fly." To do this, though,
one has to deal with a disparity: the first B is "a bird" while the second B is "all birds." To be
able to make such chains would be virtually useless if we could do it only when both pronome
assignments were absolutely identical. Over the years, children improve their abilities to decide
when two different structures are similar enough to iustify making chainlinks. This often
requires us to recall and apply other types of knowledge at appropriate level-bands of detail.

Children take many years to learn effective ways to use their pronomes and isonomes. The
youngest ones can neither rearrange their representations of physical scenes nor make the
kinds of inference we're discussing here. To think like adults, we must develop and learn to use
memory-controlling processes that manipulate several sets of pronome values at the same time.
fust such a process was concealed in our simple script for "Put the apple in the pail"-which
first appears to be merely a matter of assigning "apple" to the Origin and "pail" to the Destina-
tion. But you can't Puf something until you Get it, so this must actually involve two Trans-
frame operations. The first is for moving your hand to the apple, and the second is for moving
the apple to the pail. During the transition, your pronomes have to change their roles since the
apple's location is the Destination of the first Trans, but then becomes the Origin of the second
Trans. No matter that this seems too obvious to state; some mental process has to switch that
pronome's role.

By learning to manipulate our isonomes, we become able to combine mental representations
into structures that resemble bridges, chains, and towers. Our language-agencies learn to ex-
press these in the form of compound sentences, by using conjunctive grammar words like
"dnd," "becduse," o, "or." But language is not the only realm in which we learn to "conceptual-
iyg"-,1l:rat is, to treat our mental processes almost as though they were object-things. After you
solve a hard problem, you may find yourself representing the steps you took as if they were the
parts of a physical structure. Doing this can enable you to reassemble them into other forms
that achieve the same results with much more speed and much less thought.
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22.6 EXPRESSION

Language lets us treat our thoughts as though they were much like ordinary things. Suppose
you meet someone who is trying to solve a problem. You ask what's happening. "l 'm thinking,"
you are told. "l cdn see that," yo,r say, "but what dre you thinking about?" "Well, I was looking

for a way to solve this problem, and I think l've iust found one." We speak as though ideas
resemble building-blocks that one can find and grasp!

Why do we "thing-ify" our thoughts? One reason is that this enables us to reapply the
wonderful machines our brains contain for understanding worldly things. Another thing it does
is help us organize our expeditions in the mental world, much as we find our ways through
space. Consider how the strategies we use to "find" ideas resemble the strategies we use for
finding real things: Look in the places they used to be or where they're usually found-but don't
keep looking again and again in the same ploce. Indeed, for many centuries our memory-
training arts have been dominated by two techniques. One is based on similarities of sounds,
exploiting the capacities of our language-agencies to make connections between words. The
other method is based on imagining the items we want to remember as placed in some familiar
space, such as a road or room one knows particularly well. This way, we can apply our thing-
location skills to keeping track of our ideas.

Our ability to treat ideas as though they were objects goes together with our abilities to reuse
our brain-machinery over and over again. Whenever an agency becomes overburdened by a
large and complicated structure, we may be able to treat that structure as a simple, single unit
by thing-ifying-or, as we usually say, "conceptualizing"-it. Then, once we replace a larger
structure by representing it with a compact symbol-sign, that overloaded agency may be able to
continue its work. This way, we can build grand structures of ideas-much as we can br-rild
great towers from smaller parts.

I suspect that, as they're represented in the mind, there's little difference between a physical
object and an idea. Worldly things are useful to us because they are "substantial"-that is,
because their properties are relatively permanent. Now we don't usually think of ideas as
substantial, because they don't have the usual properties of worldly things-such as color,
shape, and weight. Yet "good ideas" must also have substantiality, albeit of a different sort:

No conception or idea could have much use unless it could remain unchanged-
and stay in some kind of mental "place"-fo, long enough for us to find it when
we need if. Nor could we ever achieve a goal unless it could persist for long enough.
ln short, no mind can work without some stable states or memories.

This may sound as though I'm speaking metaphorically, since a mental "place" is not exactly
like a worldly place. But then, when you think of a place you know, that thought itself is not a
worldly place, but only a linkage of memories and processes inside your mind. This wonderful
capacity-to think about thoughts as though they were things-is also what enables us to
contemplate the products of our thoughts. Without that ability to reflect, we would have no
general intelligence-however large our repertoire of special-purpose skills might grow. Of
course this same capacity enables us to think such empty thoughts as "This statement is about
itself," which is true but useless, or "This statement is not about itself," which is false and
useless, or "This statement is false," which is downright paradoxical. Yet the benefit of being
able to conceptualize is surely worth the risk that we mav sometimes be nonsensical.
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22.7 CAUSES AND CI.AUSES

For virtually every change we see, we tend to seek some cause. And when we find no cause
on the scene, we'll postulate that one exists, even though we might be wrong. We do this so
consistently that I wouldn't be surprised to find that brains have built-in tendencies to try to
represent all situations in certain special ways:

THINGS. Whatever we mdy see or touch, wc represent the scene in terms of
separate obiect-things. We do the same for representing processes and mental
states. ln langudges, these obiect-symbols tend to correspond to nouns.

DIFFERENCES. Whenever we discern a change or iust compare two different
things, we represent this as a difference thing. ln langudges, these often corre-
spond to verbs.

CAUSES. Wheneyer we conceive of an action, change, or difference, we try to
ossign d cduEe to it-thot is, some other person, process, or thing that we can
hold to be responsible for it. ln languages, cduses often take the forms of things.

CLAUSES. Whatever structures we conceive are dealt with like single things. ln
languages, this corresponds to treating an entire phrase as though it were a single
word.

In English, almost every sentence form demands some sort of Actor noun-and I think this
reflects the need to find a motive or a cause. Consider how we place that lt in "Soon it will
begin to rain." We're always chopping complex situations into artificially clear-cut chunks
which we perceive as separate things. Then we notice various differences and relationships
among those parts and assign them to various parts of speech. We string our words into clauses
and our clauses into chains, often interrupting one by inserting fragments of others inside it,
yet proceeding as though there were no interruptions at all. It has been alleged that the
construction of such structures is unique to the grammar-machinery of language, but I suspect
that languages evolved those forms because of mechanisms deeper in the grain of how we
think. For example, when we talked about visual ambiguity, we saw that our vision-systems are
highly proficient at representing structures that interrupt one another. This suggests that both

our visual and linguistic abilities to deal with "interruptions" could be based on similar methods
with which we "manage" what is represented in our short-term memories.

In any case, our brains appear to make us seek to represent dependencies. Whatever hap-
pens, where or when, we're prone to wonder who or what's responsible. This leads us to

discover explanations that we might not otherwise imagine, and that helps us predict and

control not only what happens in the world, but also what happens in our minds. But what if

those same tendencies should lead us to imagine things and causes that do not exist? Then we'll

invent false gods and superstitions and see their hand in every chance coincidence. Indeed,

perhaps that strange word "1"-6s used in "f iust had a good ifls4"-1eflects the selfsame

tendency. If you're compelled to find some cause that causes everything you do-why, then,

that something needs a name. You call lt"me." I call it"yott."
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22.8 INTERRTIPTIONS

What enables us to tolerate an interruption and then return to our previous thoughts? This
must engage the agents that control our short-term memories. It is important also to recognize
that many interruptions come not only from outside, but also from inside the mind. For
example, all but the simplest discourses make interruptions in the trains of thought they start.
Consider this sentence:

The thief who took the moon moved it to Paris.

We can regard this as expressing one thought that is interrupted by another. The principal
intention of the speaker is to express this Trans-ftame:

The thief moved the moon (from7) to Paris.
Actor Trans Obiect Origin Destination

The speaker, realizing that the listener may not know who the thief was, interrupts the main
sentence with a "relative clause"-"v1fts took the 7ns6n"-to further describe that Actor thief.
As it happens, this interrupting clause also has the form of a Trans-frame-so now the lan-
guage-agency must deal with two such frames at once.

Who took the moon (from7) (toZ)
Actor Trans Obiect Origin Destination

English tends to use certain wh words, like "which" and "who," to interrupt a listener's
language-agency and cause its short-term memories to temporarily store away some of their
present pronome assignments. This provides the language-agency with more capacity to under-
stand the interrupting phrase. In the case of the moon sentence, the word "who" instructs the
listener to prepare to elaborate the description of the Actor thief. Once this is done, the
language-agency can "re-member" its previous state in the process of understanding the main
sentence. We can often tell when to use an interruption process even though the initial wh
word is missing; however, this doesn't always work so well:

The cotton clothing is made of is grown in the south.

This sentence is confusing because the reader tends to treat the word "cotton" in "cotton
clothing" as an adjective that modifies "clothing," when the writer meant it as a noun. The
same sentence is easier to understand when set in alarger context:

Where do people grow the cotton that is used to make clothing?
--- The cotton clothing is made of is grown in the south.

The first sentence activates the noun sense of "cotton" and asks a question about that subf ect.
Now a question is really a sort of command: it makes the reader focus attention on a certain
subiect. Here, it prepares the reader to add more structure to the representation of the cotton
noun, so there is less need for an explicit interruption signal. Still, it is very curious how rarely
we bother to use any signal at all for marking the end of an interrupting phrase. We never say a
word that means "un-who. " Evidently, we're usually ready to assume that the interrupting
phrase is complete.
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22.9 PRONOUNS AND REFERENCES

We sometimes think of words like "who" or "tt" as "pronouns"-1trat is, signals that represent
or substitute for other nouns or phrases. But as we've seen, pronouns don't refer to words so
much as to partial states that are active in the listener's mind. In order to "refer" to such an
activity, the listener must assign it to some short-term memory-unit-that is, to some pronome.
However, communication will fail unless the listener can correctly guess which pronome the
speaker wishes to assign to that activity. This can be a problem when there is more than one
available choice. For example, consider the pronoun "if" in the following sentence:

The thief who took the moon moved it to Paris.

How does the listener understand that it must mean the moon? English grammar constrains
the choice it cannot be assigned to the thief because lf cannot refer to a person at all. (We
apologize to all the small children we have called "it" in this book.) But grammar alone can't
determine the choice, since "it" could also mean the sun, as it does in this little dialogue:

Good grief; what's happened to the sunT
Oh, thot! The thief who took the moon moved it to Paris.

The way "it" works is not so much grammatical as psychological. The expression "moved it"
causes the listener's language-agencies to seek a pronome that represents something that could
have been moved. This could be either the sun or the moon. But the previous question , What
happened to the sun? has already prepared the listener to expect to hear about an action whose

Obiect pronome represents the sun, just as our earlier question about cotton made the listener
anticipate an answer concerning that topic. Furthermore, the new phrase, "The thief . . .

moved if," fulfills this expectation by activating a Trans-frame whose Actor and Action pro-

nomes already have assignments; this frame requires only an Obiecf to be complete. So the

word "it" is perfectly suited to fil l the role of "sun" in that unassignedObiecf slot.
What does "expectation" mean? At each point in a dialogu€, both parties are already involved

with various concerns and desires. These establish contexts in which each new word, descrip-

tion, or representation, however ambiguous, gets merged with whichever short-term memory

best matches it. Why do we make such assignments so quickly, instead of waiting until all the

ambiguities are resolved? That is a practical matter. Our language-agencies must dispose of

each phrase as soon as possible, so that they can apply their full capacities to deal with what

"o*"i 
afterward. If something in the conversation does not match anything that came before,

the listener must activate a new memory-unit. This tends to slow the process down, because it

consumes our limited supplies of short-term memory and makes subsequent matching more

difficult. If the listener cannot make suitable assignments quickly enough, the conversation will

seem incoherent and communication will break down.
Eloquent speakers avoid this by designing each new expression to be easily attached to

structures already active in the listener; otherwise the listener is entitled to complain that the

language isn't clear. A speaker can also indicate which subjects have not been mentioned yet,

to spare the listener from struggling to make a nonexistent match; we use expressions like "by

the way" to tell the listen er not to attach what comes next to any presently active pronome. To

do such things, the speaker must anticipate some of what is happening inside the listener's

mind. The next section describes a way of doing this-by using the speaker's own mind as a

model and assuming that the listener will be similar.
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22.IO \TERBAI EX?RESSION

How easily people can communicate. We listen and speak without the slightest sense of
what's involved! One of us expresses an idea, the other understands it, and neither thinks
anything complicated has happened; it seems as natural to talk as it is to walk. Yet both
simplicities are illusions. To walk, you must engage a vast array of agencies to move your body
down the street. To talk, you must engage a vast array of agencies to build new structures in
another person's mind. But how do you know just what to say to affect that other person's
agencies?

Let's suppose that Mary wants to tell fack something. This means there is a certain structure
p somewhere inside the network of Mary's agencies-and that Mary's language-agency must
construct a similar structure inside fack's mind. To do this, Mary will need to speak words that
will activate appropriate activities inside |ack's agencies, then correctly link them together. How
can she do that? Here is what we'll call the "re-duplication" theory of how we formulate what
we say:

Mary proceeds, step by step, to construct a new version of p-call it q-inside her
own mind. In doing this, she will apply various memory-control operations to
activate certain isonomes and polynemes.

As Mary performs each internal operation, her speech-agency selects certain cone-
sponding verbal expressions-and these cause similar operations to occur inside
lack. As a result, Iack builds a structure similar to q.

To be able to do that, Mary must have learned at least one expressiye technique
that corresponds to each frequently used mental operation And fack must have
learned to recognize those expressive techniqus5-147s'll call them grdmmdr-
tactics-and to use them to activate some corresponding isonomes and poly-
nemes.

To build her new version of p, Mary could employ a goal-achieving scheme: she keeps
comparing p with the latest version of q, and whenever she senses a significant difference, she
applies some operation to q that removes or reduces the difference. For example, if Mary
notices that p has an Origin pronome where q lacks one, her memory-control system will focus
on p's Origin. In this case, if p itself is a motion frame, the usual speech-tactic is to use the
word "from." Next she must describe the substructure attached to p's Origin pronome. If this
were a simple polyneme like "Boston," Mary's speech-agency could simply pronounce the
corresponding word. But if that pronome is assigned to some more complicated structure, such
as an entire frame, Mary's language-agency must interrupt itself to copy that. This is expressed,
as we have seen, by using words like "who" or "which." In any case, Mary continues this
difference-duplication process until she senses no significant discrepancies between q and p.
Of course, what Mary finds significant depends on what she "wants to say. "

This "re-duplication" theory of speech describes only the first stages of how we use language.
In later stages, the mental operations we use to construct q are not always immediately applied
to pronouncing words. Instead, we learn techniques for storing sequences of grammar-tactics
temporarily; this makes it possible to modify and rearrange our words and sentences before we
say them. Learning these arts takes a long time: most children need a decade or more to
complete their language-systems and many keep learning, throughout their lives, to sense new
sorts of discrepancies and discover ways to express them.
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22.11 CREATTVE EXPRESSION

There is a wonderful capacity that comes along with the ability to "express" ideas. Whatever
we may want to say, we probably won't say exactly that. But in exchange, there is a chance of
saying something else that is both good and new! After all, the "thing we want to say"-the
structure p we're trying to describe-is not always a definite, fixed structure that our language-
agents can easily read and copy. If p exists at all, it's likely to be a rapidly changing network
involving several agencies. If so, then the language-agency may only be able to make guesses
and hypotheses about p and try to confirm or refute them by performing experiments. Even if
p were well defined in the first place, this very process is liable to change it, so that the final
version q won't be the same as the original structure p. Sometimes we call this process "thinking
in words. "

In other words, whether or not what you "meant" to say actually existed before you spoke,
your language-agencies are likely either to reformulate what did exist or create something new
and different from anything you had before. Whenever you try to express with words any
complicated mental state, you're forced to oversimplify-and that can cause both loss and gain.
On the losing side, no word description of a mental state can ever be complete; some nuances
are always lost. But in exchange, when you're forced to separate the essences from accidents,
you gain the opportunity to make reformulations. For example, when stuck on a problem, you
may "say to yourself" things like "Now, Iet's see-iust what was I reolly trying to occomplish?"
Then, since your language-agency knows so little about the actual state of those other agencies,
it must answer such questions by making theories about them, and these may well leave you in
a state that is simpler, clearer, and better suited to solving your problem.

When we try to explain what we think we know, we're likely to end up with something new.
All teachers know how often we understand something for the first time onlv after trying to
explain it to someone else. Our abilities to make language descriptions can engage all our other
abilities to think and to solve problems. If speaking involves thinking, then one must ask, "How
much of ordinary thought involves the use of words?" Surely many of our most effective thinking
methods scarcely engage our language-agencies at all. Perhaps we turn to words only when
other methods fail. But then the use of language can open entirely new worlds of thought. This
is because once we can represent things in terms of strings of words, it becomes possible to use
them in a boundless variety of ways to change and rearrange what happens in our other
agencies. Of course, we never realize we're doing this; instead we refer to such activities by
names like paraphrase or change of emphasis, as though we weren't changing what we're trying
to describe. The crucial thing is that during the moments in which those word-strings are
detached from their "meanings," they are no longer subfect to the constraints and limitations
of other agencies, and the language-systems can do what they want with them. Then we can
transmit, from one person's brain to another, the strings of words our grammar-tactics produce,

and every individual can gain access to the most successful formulations that others can artic-

ulate. This is what we call culture-the conceptual treasures our communities accumulate

through history.
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CHAPTER 23

COMPARISONS
What, in effect, dre the conditions for the construction of

formal thought? The child must not only aqqly operations to

obiects-in other words, mentally execute possible actions on

the:m-he must also "reflect" those operations in the absence of

the obiects which are replaced by pure propositions. Thus
"reflection" is thought raised to the second power. Concrete

thinking is the representation of a possible action, and formal
thinking is the representation of a representation of possible

action. . . . h is not surprising, therefore, that
the system of concrete operations must be completed during the

last yeors of childhood before it can be "reflected" by

formal operations. In terms of their function, formal operations
do not differ from concrete operations except that they are
apptied to hypotheses or propositions [whose logic is] an

abstract translation of the system of "inference" that governs
concrete oPerations.
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23.I A IIfORTD OF DIFFERENCES

Much of ordinary thought is based on recognizing differences. This is because it is generally
useless to do anything that has no discernible effect. To ask if something is significant is virtually
to ask, "What difference does it make?" Indeed, whenever we talk about "cause and effect" we're
referring to imaginary links that connect the differences we sense. What, indeed, are goals
themselves, but ways in which we represent the kinds of changes we might like to make?

It is interesting how many familiar mental activities can be represented in terms of the
differences between situations. Suppose you have in mind two situations A and Z, and D is
your description of the difference between them. Suppose also that you are thinking of applying
a certain procedure P to the first situation, A. There are several kinds of thinking you might
do.

-Pro ced u re
- / \

- / \
oRf  c tN  A  

t  - l z  
DESTTNATTON

\-/
Diff  erence

PRE DICTING. T o the extent that you can predict how various P's will affect A,
you cdn avoid the expense and risk of actually performing those actions.

EXPECTING. lf you expect P to produce Z but it actually produces Y, then you
can try to explain what went wrong in terms of difference between Y and Z.

EXPLAINING. lf actions like P usually lead to differences of type D, then when
you obsewe such d D, you cdn suspect that it wds cdused by something like P.

WANTING. lf you are in situation A, but wish to be in a situation more like Z,
it may help to remember ways to remove or reduce differences like D.

ESCAPING, ATTACKING, and DEFENDING. lf P causes a disturbing type
of difference D, we cdn try to improve matters by finding some action that
counteracts or opposes P.

ABSTRACTING. ln many forms of thought, the differences we notice between
obiects at each level become the "obiects" of our higher-level thoughts.

Not only are differences important by themselves; more often than we realize, we think about
differences between differences. For example, the "height" of a physical object is really a differ-
ence between the locations of its top and its bottom. And this means that the higher-level
agents in our Societies-of-More must actually deal with differences between differences. For
example, the agent Taller has to react to the difference between two heights-but as we've just
seen, a height is already a difference between two locations!

The ability to consider differences between differences is important because it lies at the
heart of our abilities to solve new problems. This is because these "second-order-differences"
are what we use to remind ourselves of other problems we already know how to solve. Some-
times this is called "reasoning by analogy" and is considered to be an exotic or unusual way to
solve problems. But in my view, it's our most ordinary way of doing things.
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23.2 DIFFERENCES AND DTIPIJCATES

It is important for us to be able to notice differences. But this seemingly innocent require-

ment poses a problem whose importance has never been recognized in psychology. To see the

difficuity, let'i return to the subject of mental rearrangements. Let's first assume that the

problem is to compare two room-arrangement descriptions represented in two different agen-

ti.r, agency A represents a room that contains a couch and a chair; agency Z represents the

same room, but with the couch and chair exchanged.

Now if both agencies are to represent furniture arrangements in ways that some third agency
D can compare, then the "difference-detecting" agency D must receive two sets of inputs that
match almost perfectly. Otherwise, every other, irrelevant difference between the outputs of A
and Z would appear to D to be differences in those rooms-and D would perceive so many
spurious differences that the real ones would be indiscernible!

The Duplication Problem. The states of two different agencies cannot be com-
pared unless those agencies themselves dre virtually identical.

But this is only the tip of the iceberg, for it is not enough that the descriptions to be compared
emerge from two almost identical agencies. Those agencies must, in turn, receive inputs of
near identical character. And for that to come about, each of their subagencies must also fulfill
that same constraint. The only way to meet all these conditions is for both agencies -and all
the subagencies upon which they depend-to be identical. Unless we find another wdf , we'Il
need an endless ftosf of duplicated brains!

This duplication problem comes up all the time. What happens when you hear that Mary
bought lohn's house? Must you have separate agencies to keep both Mary and lohn in your
mind at once? Even that would not suffice, for unless both person-representing agencies had
similar connections to all your other agencies, those two representations of "persons" would
not have similar implications. The same kind of problem must arise when you compare your
present situation with some recollection or experience-that is, when you compare how you
react to the two different partial states of mind. But to compare those two reactions, what kind
of simultaneous machinery would be needed to maintain both momentary personalities? How
could a single mind hold room for two-one person old, the other new?
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23.3 TII\fiE BIJNKING

Fortunately, there is a way to get around the duplication problem entirely. Let's take a cue
from how a perfume makes a strong impression first, but then appears to fade away, or how,
when you put your hand in water that is very hot or very cold, the sensation is intense at first-
but will soon disappear almost entirely. As we say, we "get used to" these sensations. Why?
Because our senses react mainly to how things change in time. This is true even for the sensors
in our eyes-though normally we're unaware of it because our eyes are always moving imper-
ceptibly. Most of the sensory agents that inform our brains about the world are sensitive only
to various sorts of time changes-and that, surelv, is also true of most of the agents inside the
brain.

Any agent that is sensitive to changes in time can also be used to
detect differences. For wheneyer we expose such an agent, first to a
situation A and then to a situation B, any output from that agent
wiII signify some difference between A and B.

This suggests a way to solve the duplication problem. Since most agents can be made to serve
as difference-agents, we cdn compare two descriptions simply by presenting them to the Edme
dgency at different times. This is easily done if that agency is equipped with a pair of high-
speed, temporary K-line memories. Then we need only load the two descriptions into those
memories and compare them by activating first one and then the other.

Store the first description in pronome p.
Store the second description in pronome q.
Activate p and q in rapid succession.
Then any changes in the agents' outputs represent differences between A and B!

We can use this trick to implement the scheme we described for escaping from a topless-
arch. Suppose that p describes the present situation and q describes a box that permits no escape.
Each Move agent is designed to detect the appearance of a wall. If we simply "blink" from the
present situation to the box frame, one of these agents will announce the appearance of any
box wall that was not already apparent in the present situation. Thus, automatically, this
scheme will find all the directions that are not closed off. If the outputs of the Move agents were
connected to cause you to move in the corresponding direction, this agency would lead you to
escape!

The method of time blinking can also be used to simplify our difference-engine scheme for
composing verbal expressions, since now the speaker can maintain both p and q inside the
selfsame agency. If not for this, each speaker would need what would amount to a duplicate
society of mind in order to simulate the listener's state. Although the method of time blinking
is powerful and efficient, it has some limitations; for example, it cannot directly recognize
relations among more than two things at a time. I suspect that people share this limitation, too
-and this may be why we have relatively few language-forms, like "between" and "middle," for
expressing three-way comparisons and relationships.
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29.4 THE MEANINGS OF MORE

Let's return just one time more to all the things that More can mean. Each usage has a

different ,.1r.-- ore powerful; more meaningfut-and each such meaning must be learned.

In other words, each use of More involves ̂  .orrrr."tion with an agent fo_r some adiective' But

Moremust also engage some systematic use of isonomes, since all the different meanings share

a certain common character.

When we hear the word "more," we become disposed to make comparfsons.

This suggests that More engages both an accumulation of different meanings and also some

systematicJsorromelike effect-. indeed, Morecould exploit our time-blinking mechanism, which

aiready uses isonomes to make comparisons. To do that, More would have to activate a mem-

ory-control process that "blinks" wlrichever pronomes have been assigned to the things to be

compared. Then their differences would be computed automatically.

More needs two additional ingredients. We'd never ask, all by itself, "Which one is more, dn

apple or a pearz"-fss2.rr. o,r, general-purpose comparison script woufd _generate difference-

descriptions in too many agenciei. We also need to know which kind of difference is of concern

at the moment. So we scarcely ever say "more" by itself but usually attach some modifier-

more red, say, or more expensive. Of course, if our focus of concern is already clear from the

context-foi e*a-ple, if it is clear that we want to know whether apples or pears are more

expensive-then we need not express this explicitly.
Finally, it is one thing to find r diff"r.nce, but another to know whether to call it "more" or

"less." Ii -ay seem self-evident that Taller corresponds to "more," andThinner corcesponds to
,.fss5"-yet that is something we once had to learn. This is the other ingredient of More: we

need another polyneme to iay which sorts of differences should be considered positive. In

English we someii*.r encode such preferences as choices between pairs of adiectives like

"laige" and "small," but we do not have pairs of words for concepts such as "triangular" or

"red"," presumably because we do not think of them as having "natural" opposites. Instead, we

""r, 
,rr" word-paiis like "more red" and "less triangular." We can even modify the words them-

selves; we often say "redder" or "rounder"-fufi for some reason we never say "triangularer. "

How does one answer a question like "Wh ich is bigger, a large mouse or d smdll elephant?"

We can't compare two descriptions until we engage enough knowledge to construct suitable

representations of them. One way to compare mouse and elephant would be to envision an-

ot^her entity of intermediate size. A suitcase would be suitable for this, since it could hold the

largest mouse but not the smallest elephant. How do you find such standards for comparison?

fhat can take considerable time, during which you have to search your memories for structures

that can serve as links for longer chains of comparisons. As life proceeds, each person's concept

of More grows more and more elaborate. When it comes to notions like more similar, more

interestiig, or "more difficuh," there seems no limit to the complexity of what a word like

"more" can represent.
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23.5 FOREIGN ACCENTS

It is not unusual for an adult to learn a second language with nearly perfect mastery of
grammar and vocabulary. But once past adolescence, most people never manage to imitate the
new language's pronunciation perfectly, no matter how long and hard they work at it. In other
words, they speak with "foreign accents." Even when another speaker tries to help with "Say it
Iike this, not thatr" the learner is unable to learn what changes to make. Most people who
change countries in their later teens neyer learn to speak the way the natives do.

Why do adults find it so hard to learn how to pronounce new word sounds? Some like to say
that this reflects a general decline in the learning capacities of older people, but that appears to
be a myth. Instead, I suspect this particular disability is caused, more or less directly, by a
genetically programmed mechanism that disables our ability to learn to make new connections
in or between the agents we use to represent speech sounds. There is evidence that our brains
use different machinery for recognizing language sounds than for recognizing other sorts of
sounds, particularly for the little speech-sound units that language scientists call "phonemes."
Most human languages use less than a hundred phonemes.

Why should we be able to learn many different speech sounds before the age of puberty but
find it so much harder to learn new ones afterward? I suspect that this link to puberty is no
coincidence. Instead, one or more of the genetically controlled mechanisms that brings on
sexual maturity also acts to reduce the capacities of these particular agencies to learn to recog-
nize and make new sounds! But why did this peculiar disability evolve? What evolutionary
survival advantage would favor individuals whose genes reduce, after that age, this particular
ability to learn? Consider this hypothesis:

The onset of the childbearing age is the biological moment when a person's social
role changes from learner to teacher. The "evolutiondry purpose" of suppressing
speech-sound learning may simply serve to prevent the parent from learning the
child's speech-thus making the child learn the adult's speech instead!

Wouldn't parents want to teach the children their language anyway? Not necessarily. In the
short run, a parent is usually more concerned with communication than with instruction.
Accordingly, if we found it easier to imitate our children's sounds, that's what we'd do. But if
parents were inclined and able to learn to speak the ways their children do, those children would
lose both incentive and opportunity to learn to speak like adults, and-if every child acquired a
different set of language sounds-no common, public language would ever hoye eyolved in the

first place! If this is right, puberty-linked genes for suppressing speech-sound learning may have
formed fairly early in the evolution of human languages. No one knows when that occurred,
but if biologists could find and date the genes for this, we could obtain a clue about the time of
language's unknown origin, perhaps within the last half million years.
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CHAPTER 24

FRAMES
The iustification of Na|oleon's statement-if, indeed, he ever
made it-that those who form a picture of everything are unfit

to command, is to be found in the first of these defects. A
commdnder who approaches a battle with a picture before him of
how such and such a fight went on such and such an occasion,

will find, two minutes after the forces have ioined, that
something has gone dwry.Then his picture is destroyed. He has
nothing in reserye except another individual picture, and this

also wiII not serye him for long. Or it mdy be that when his first
pictured forecast is found to be inapplicable, he has so

multifarious and pressing a collection of pictures that equally
he is at a loss what practical adiustment to make. Too great

individuality of past reference mdy be very nearly as
embarrassing ds no individuality of past reference at all To

serye adequately the demands of a constantly changing
enyironment, we haye not only to pick items out of their

general setting, but we must know what parts of them mdy flow
and alter without disturbing their general

significance and functions.
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24.1 THE SPEED OF THOUGHT

For there exists a great chasm between those, on the one side,
who relate everything to o single central vision, one system more or

Iess coherent or articulate, in terms of which they understand,
think and feel-a single, universal, organizing principle in terms
of which olone all that they are ond soy has significance-and, on
the other side, those who pursue mdny ends, often unrelated and'i::,:";:';!;:i:7;,i:;":';:,,i;,::,r,i::i",:::,:,","ir:oo;,'1:""*:::;

or aesthetic princible. . . .
- I s A r A H  B e n r . r N

When we enter a room, we seem to see the entire scene at a glance. But, really, it takes time
to see-to apprehend all the details and see if they confirm our expectations and beliefs. Our
first impressions often have to be revised. Still, one wonders how so many kinds of visual cues
can lead so quickly to consistent views. What could explain the blinding speed of sight?

The secret is that sight is intertwined with memory. When face to face with someone you've
just met, you seem to react almost instantly-but not as much ta what you see as to what thot
sight "reminds" you of The moment you sense the presence of a person, a whole world of
assumptions are aroused that are usually true about people in general. At the same time, certain
superficial cues remind you of particular people you've already met. Unconsciously, then, you
will assume that this stranger must also resemble them, not only in appearance but in other
traits as well. No amount of self-discipline can keep those superficial similarities from provoking
assumptions that may then affect your judgments and decisions. When we disapprove of this,
we complain about stereotypes-and when we sympathrze with it, we speak of sensitivity and
empathy.

It's much the same with language, too. If someone said, "lt 's raining frogs," your mind would
swiftly fill with thoughts about the origins of those frogs, about what happens to them when
they hit the ground, about what could have caused that peculiar plague, and about whether or
not the announcer had gone mad. Yet the stimulus for all of this is just three words. How do
our minds conceive such complex scenes from such sparse cues? The additional details must
come from memories and reasoning.

Most older theories in psychology could not account for how a mind could do such things-
because, I think, those theories were based on ideas about "chunks" of memory that were either
much too small or much too large. Some of those theories tried to explain appearances only in
terms of low-level "cues," while other theories tried to deal with entire scenes at once. None of
those theories ever got very far. The next few sections describe what seems to be a useful
compromise; at least it has led to some better results in some projects concerned with Artificial
Intelligence. Our idea is that each perceptual experience activates some structures that we'll
call framss-shuctures we've acquired in the course of previous experience. We all remember
millions of frames, each representing some stereotyped situation like meeting a certain kind of
person, being in a certain kind of room, or attending a certain kind of party.
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24.2 FRAMES OF I\fiIND

A frame is a sort of skeleton, somewhat like an application form with many blanks or slots to

be fiiled. We'll call these blanks its terminals;we use them as connection points to which we

can attach other kinds of information. For example, a frame that represents a "chair" might

have some terminals to represent a seat, a back, rnd l"gt, while a frame to represent a "person"

would have some terminals for a body and head and arms and legs. To represent a particular

chair or person, we simply fill in the terminals of the corresponding frame with structures that

represeni, ir, ,nore detail, particular features of the back, seat, and legs of that particular person

oichair. As we'll see, virtually any kind of agent can be attached to a frame-terminal. It can be

a K-line, polyneme, isonome, memory-control script, or, best of all, another frame.

In printipie, we could use frames without attaching their terminals to anything. Normally,

thoujh, the terminals come with other agents already attached-and these are what we called

"default assignments" when we first talked about level-bands. If one of your person-frames is

active, and you actually see some arms and legs, their descriptions will be assigned to the proper

terminals. However, if certain parts cannot be seen, perhaps because they're out of view, the

missing information will be filled in by default. We use default assumptions all the time: that's

how, when you see someone wearing shoes, you "know" that there are feet in them. From

where do those assumptions come? I'll argue that

Default assumptions fill our frames to represent what's typical.

As soon as you hear a word like "person," "frog," or "chair," yot assume the details of some
"typical" sort of person, frog, or chair. You do this not only with language, but with vision, too.

For example, when someone is seated across the table from you, you may be unable to see any

part of that person's chair. Still, this situation will probably activate a sitting-frame. But a sitting-

ft"*r will surely have a terminal for what to sit upon, and that will be assigned, by default, to

some stereotypical chair. Then, though there is no chair in sight, a chair-frame will be supplied

by default.
Default assignments are of huge significance because they help us represent our previous

experience. We use them for reasoning, recognizing, generalizing, predicting what may happen

next, and knowing what we ought to try when expectations aren't met. Our frames affect our

every thought and everything we do.
Frames are drawn from past experience and rarely fit new situations perfectly. We therefore

have to learn how to adapt our frames to each particular experience. Whatif a given situation
closely matches several different frames at once? Some such conflicts could be resolved by the
"locking-in" negotiations we described earlier; then only the frames that manage to suppress
their competitors can influence one's other agencies. But the other frames could lurk offstage,
awaiting opportunities to intervene.
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24.3 HOTV TRANS.FRAMES WORK

In order to be more concrete, let's make a little theory of how a frame might actually work.
Consider, for example , a Trans-frame that is filled in to represent this sentence:

lack drove from Boston to New York on the turnpike with Mary.

Whenever this particular frame is active, if you wonder about the Desf ination of that trip,
you'll almost instantly think of New York. This suggests that the polyneme for New York must
be aroused by the coincidence of two mental events, namely, ih" rrousal of this particular
travel-frame and the arousal of the pronome for Destination. Now how could a brain-agent
recognize such a coincidence? Simple: we need only assume that the polyneme for New York
is attached to an AND-agent with two inputs; one of them represents the arousal of the travel-
frame itself, and the other represents the arousal of the Destination pronome. Accordingly,
each terminal of our frame could simply be an AND-agent with two inputs.

sfcNAL FRoM - (- stcNAL FRoM
PRONOME I  I

V 
FRAME.AGENT

I
T E R M I N A L

According to this simple scheme, a frame could consist of little more than a collection of
AND-agents, one for each of the frame's pronome terminalsl Then the entire frame for the
New York trip would look like this:

FRAME.AGENT

When a frame-agent is activated-either by seeing, hearing, or imagining something-this
supplies each of those AND-agents with one of these two inputs. The second input is provided
by some pronome which can thereby activate whichever agent or frame is presently assigned to
that terminal. If several pronomes are active at the same time, all the corresponding agents will
be activated, too. When the frame above is active, the pronome for Origin will activate the K-
line for Boston, and the pronome for Yehicle will activate the K-line for car.

How could such a frame be made to learn which polynemes should fil l its terminals? We
could begin with each terminal initially connected to a virgin K-line; then each terminal will
represent whatever the corresponding K-line learns. Notice that to build frames this way, w€
need only connect AND-agents to K-lines that can in turn be constructed from little more than
simple AND-type agents. One of the great surprises of modern computer science was the
discovery that so much can be done with so few kinds of ingredients.

PRONOMES

TEHMINALS
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24.4 DEFAULT ASSUMPTIONS

Onty by art cdn we get outside ourselves; instead of seeing only one

world, our own, we see it under multiple forms, ond as mdny ds

there are original artists, iust so mdnv worlds
have we of our disPosal.

- M A R C E I  P n o u s r

When someone says, "fohn threw a ball," lrou probably unconsciously assume a certain set

of features and qualities of the ball, l ike color, srze, and weight. These are your assumptions by

default, the kind we talked about when we first introduced the idea of level-bands. Your

assumptions about that ball might be derived from some ball you owned long ago--.or, possibly,

your newest one. It is our theory that such optional details are usually attached too weakly to

hold against the sharp insistence of reality, so that other stimuli will find them easy to detach

or otherwise adapt. This is why default assumptions make weak images, and why we aren't too

amazedwhen they turn out wrong. It is no surprise that frames share so many properties of K-

lines, since the terminals of frames themselves will l ie in level-bands near the K-lines whose

fringes represent our expectations and default assumptions.
But why use default assumptions at all, instead of simply seeing what's really there? Because

unless we make assumptions, the world would simply make no sense. It would be as useless to
perceive how things "actually look" as it would be to watch the random dots on untuned
television screens. What really matters is being able to see what things look like. This is why
our brains need special machinery for representing what we see in terms of distinct "obiects."

The very idea of an object embodies making many assumptions that "go without saying"-fe1
example, that it has substance and boundaries, that it existed before we saw it, and that it will
remain afterward-in short, that it will act like other typical objects. Thus, though we never
see every side of an object at once, we always assume that its unseen sides exist. I suspect that
the larger part of what we know-or think we know-is represented bv default assumptions,
because there is so little that we know with perfect certaintr'.

We use default assumptions in personal relations, too. Why do so many people give such
credence to astrology, to classify friends by the months of their births? Perhaps it seems a
forward step, to class all persons into just twelve types-to those who once supposed that there
were less. And how does the writer's craft evoke such lifelike characters? It's ridiculous to think
that people could be well portrayed in so few words. Instead, our story writers use phrases that
activate great networks of assumptions that already lie in the minds of their readers. It takes
great skill to create those illusions-to activate unknown processes in unknown readers'minds
and to shape them to one's purposes. Indeed, in doing so, a writer can make things clearer than
reality. For although words are merely catalysts for starting mental processes, soz too, are real
things: we can't sense what they really are, only what thev remind us of. As Proust went on to
say:

Each reader reads only what is already inside himself. A book is only a sort of
optical instrument which the writer offers to let the reader discover in himself what
he would not have found without the aid of the book.
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24.5 NOTWERBAT REASONING

Even when you were very young, if someone had told you that most Snarks are green-and,
also, that every Boojum is a Snark-you would have been able to conclude that most Boojums
are green. What could have led you to that conclusion? Presumably, you answer questions
about the properties of Boojums by attaching your polyneme for Snark to whichever of your
memory-units currently represents a Boojum. Accordingly, you assume that the color property
of a Booium is green by using your usual way of recalling the properties of things you know-
activating their polynemes to set your various agencies into the corresponding states. In other
words, we do this kind of reasoning by manipulating our memories to replace particular things
by typical things. I mention all this because it is often assumed that adults are better than
children are at what is often called abstract or logical reasoning. This idea is unfair both to
adult and child because logical thinking is so much simpler-and less effective-than common-
sense thinking. Actually, what appears to be a matter of "logic" is usuallv not logical at all and
frequently turns out to be wrong. In the case above, you would have been wrong because
Booiums are albino Snarks.

The situation is different when you happen to know more about a particular example. For
example, suppose you first had learned that penguins cannot fly and then learned that penguins
are a kind of bird. When you discover that, should you replace all of your penguin properties
with those of your "generic" bird? Clearly not, since then you'd lose your hard-earned penguin
facts. To deal with this effectively, children must develop complex skills, not merely to replace
one representation with another, but to compare two representations and then move around
inside them, making different changes at different levels. These intricate skills involve the use
of isonomes that control the level-band of the activities inside our agencies.

In any case, to reason well, our memory-control agencies must learn to "move" our memories
around as though those memories were building-blocks. Conceivably, those agencies have to
learn such skills before we can learn to build with blocks in the outside world of object-things.
Unfortunately, we know very little about how such processes work. Indeed, we're virtually
unaware that they even exist, because these kinds of "commonsense" inferences and assump-
tions come to mind without the slightest conscious effort or activity. Perhaps this unawareness
is a consequence of the speed with which those skills employ the very same short-term memory-
units that might otherwise be used to record those agents'own recent activities.
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24.6 DIRECTION.NEMES

When you think about an obiect in a certain place, many different processes go on inside

your mind. Some of your agencies know the visual direction in which that object lies, others

tan direct your hand to reach toward it, and yet other agencies anticipate how it would feel if

it touched your skin. It is one thing to know that a block has flat sides and right angles, another

to be able to recognize a block by sight, and yet another to be able to shape your hand to grasp

that shape or recognize it from feeling it in your grasp. How do so many different agencies

communicate about places and shapes?
No one yet knows how shapes and places are represented in the brain. The agencies that do

such things have been evolving since animals first began to move. Some of those agencies must

be involved with postures of the arm and hand, others must represent what we discover from

the images inside our eyes, and yet others must represent the relations between our bodies and

the obiects that surround us.
How can we use so many different kinds of information at once? In the following sections I'll

propose a new hypothesis to deal with this: that many agencies inside our brains use frames

whose terminals are controlled by interaction-squore drrdys. Only now we'll use those square-

arrays not to represent the interactions of different causes, but to describe the relations between
closely related locations. For example, thinking of the appearance of a certain place or obiect
would involve arousing a squarelike family of frames, each of which in turn represents a detailed
view of the corresponding portion of that scene. If we actually use such processes, this could
explain some psychological phenomena.

lf you were walking through a circular tube, you could scarcely keep from thinking
in terms of bottom and top and sides-however vdguely their boundaries are de-

fined. Without d wdy to represent the scene in terms of familiar parts, you'd have
no well-established thinking skills to apply to it.

The diagram is meant to suggest that we represent directions and places by attaching them
to a special set of pronomelike agents that we shall call "direction-nemes." Later we'll see how
these might be involved in surprisingly many realms of thought.

UP
LEFT

6,
UP UP

RIGHT

LEFT fu"*)ENTERI...i:.i
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RIGHT
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24.7 PICTT'RE.FRAMES

Whenever we see a thing so utterly new that it resembles nothing we've ever seen before, this
means that none of our prelearned frames will fit it very well. But this rarely happens to adults.
For example, we have each accumulated enough room-frames to represent most rooms we're
likelv to see, such as kitchens, bedrooms, offices, factories, and concert halls; one of these will
usually match whichever place we happen to be. Besides, we can almost always use a less
specific frame that fits most any room at all-a frame with terminals that correspond to nothing
more than ceiling, floor, and walls. Then each of those six surfaces could be represented, in
turn, by a subframe that has terminals for several vaguely defined regions. To be specific, let's
employ our direction-neme idea and divide each surface-for ceiling, floor, and each of the
walls-into zones that correspond to the nine regions of an interaction-square. A typical wall
might then be represented in this fashion:

ffiw
l l . - - - - l t  I

,t-=-..-JW.lh

Effi?
In spite of its simplicity, w€ can represent quite a lot of information with this scheme. It

provides enough structure to recall later that"there wds a window toward the left, some shelves
high to the right side of the wall, and a table to the right." If this does not seem precise enough,
the fact is that we usually don't remember things so exactly, except when they attract special
attention; normally it would be enough to know only roughly where that television was, and we
could assume by default that it was supported by the tabletop. It takes surprisingly few such
observations to enable us to tell, later, whether much has been changed.

Given more time, one could keep noticing more details and include them by attaching
additional subframes. This would overcome the limitations of starting with so few terminals.
For example, one might notice that the window is closer to the shelf than to the television set,
and closer to the ceiling line than to either the shelf or the television set. And if the outline of
the desk and television set reminds you of a goatlike animal, your representation can include
that fact.

Suppose you had first assumed this to be a living room but later recognized the table to be a
kitchen table? Must you undo all the work you've done, to activate a different kitchen-frame
and start all over again? No, because later we'll see a convenient way to switch over to another
frame-while still retaining what was learned so far. The trick will be to make all our frames for
different rooms share the same terminals, so that when we interchange those frames, the
information stored in them remains.

NW N NE
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24.8 HOW PICTI'RE.FRAMES WORK

Now that we've seen how "picture-frames" could represent memories of spatial arrange-

ments, let's ask how we actually build such frames. We'll use the same technique that we used

to build Trans,frames, except for one small change. To make a picture-frame, we'll simply

replace the pronomes of our Trans-frame scheme by a set of nine direction-nemes! The diagram

below also includes an agent to serve for turning on the frame itself.

COMPASS SOUARE
D I R E C T I O N . N E M E S

To apply the picture-frame idea to how our vision-systems work, imagine that you're looking
at some real-world scene. Your eyes move in various directions, controlled in some way by
direction-nemes. Now suppose that every time you move your eyes, the same direction-nemes
also activate the Klines attached to the corresponding terminals of a certain vision-frame.
Suppose, also, that those K-lines are ready to form new memories. Then each time you look in
a different direction, your vision-system will describe what you see-and the corresponding K-
Iine wiII record what you see when you look in that direction!

Now suppose that the same frame is activated at some later date-but this time by means of
memory and not from looking at some scene. Then, as any of your agencies conceives of
looking in a certain direction, the thought itself will involve the activation of the corresponding
direction-neme; then, before you have a chance to think of anything else, the corresponding
KJine will be aroused. This creates a most remarkable effect:

Whichever wdy your "mind's eye" Iooks, you'll seem to see the corresponding aspect
of the scene. You wiII experience an olmost perfect "simulus" of being there!

How "real" could such a recollection seem? In principle, it could even seem as real as vision
itself-since it could make you seem to sense not only how an object looks, but also how it
tastes and feels. Shortly we'll see how this could yield not merely the sense of seeing a scene,
but also the sense of being able to move around inside it.

FRAME.AGENT
(nEcocNrzER)

FRAME.TERMINALS
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24.9 RECOGNIZERS AND MEMORIZERS

How do frames become activated? This amounts to asking how we recog nize familiar situa-
tions or things. There is no limit to how complicated such a question can 6"co-e, since there
are no natural boundary lines between recognizing, rememblring, and all the rest of how we
think. For questions like this, with no place to start, we have to construct some boundary lines
from our own imagination.

We'll simply assume that every frame is activated by some set of recognizers. We can regard
a recognizer as a type of agent that, in a sense, is the opposite of a K-line-since instead of
arousing a certain state of mind, it has to recognize when a certain state of mind occurs.
Accordingly, the recognizers of a frame are very much like the terminals of a frame, except
that the connections to the terminals are reversed.

pronomes
termlnals

frame-agent

R E C O G N I Z E R S MEMORIZERS RECOGNIZERS

This suggests that not only frames but agencies in general might be organized in the form of
agents sandwiched between recognizers and memorizers.

This sketch of how our agencies are organized is oversimplified. Each agent, be it a frame, a
K-line, or whatever, must have some machinery for learning when it should become active-
and that may require more than simply recognizing the presence of certain features. For
example, to recognize an object as a car, it isn't enough that it include some assortment of parts
like body, wheels, and license plate; the frame must also recognize that those parts are in
suitable relationships-that the wheels be properly attached to the body, for example. Workers
in the field of Artificial Intelligence have experimented with a variety of ways to make frame-
recognizers, but the field is still in its infancy. The recognizers of our higherJevel agencies
might have to include mechanisms as complex as difference-engines in order to match their
relational descriptions to actual situations.

MEi lORIZERS -  RECOGNIZERS
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arCHAPTER zo

FRAME,ARRAYS
The device of images has several defects that are the price of its

peculiar excellences. Two of these are perhaps the most
important: the image, and particularly the visual image, is apt

to go farther in the direction of the individualization of
situations than is biologically useful; and the principles of the
combination of images have their own peculiarities and result
in constructions which are relatively wild, jerky and irregular,
compared with the straightfonnard unwinding of a habit, or

with the somewhat orderly march of thought.
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25.1 ONE FRAME AT A TIME?

Each of the drawings below can be seen in at least two different ways.

The drawing on the left might represent either a single candlestick or two people facing each
other. The drawing on the right looks like a cube-but first it looks like a cube as seen from
above and then, suddenly, it looks like a cube as seen from below. Why does each drawing
seem to change its character from time to time? Why can't we see both forms at once? Because,
it seems, our agencies can tolerate just one interpretation at a time.

We must ask certain questions here. First, what enables us to see those pictures as composed
of the features we call by names like edges, lines, corners, and areas? Our vision-systems seem
virtually compelled to group the outputs of our sensors into entities like these. Next, what
enables us to see those features as grouped together to form larger obiects? Apparently, our vision-
systems again are virtually compelled to represent each of those features, be it a corner, edge,
or area, as belonging to one and only one larger object at a time. I won't discuss those questions
in this book except to suggest a general hypothesis:

Our vision-systems cfie born equipped, on each of several different levels, with some
sort of "Iocking-in" machinery that at every moment permits each "pdrt," at each
level, to be assigned to one and only one "whole" 4t the next level.

We should also ask, how. do we recognize those obiects as examples of familiar things like
faces, cubes, or candlesficJcs? And again we'll make the similar hypothesis that our memory-
frame machinery also uses "locking-in" machinery that permits each "object" to be attached

only to one frame at a time. The end result is that in every region of the picture, the frames
must compete with one another to account for each feature.
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25.2 FRAME.ARRAYS

When we first discussed how Builderworks, we assumed that it employed a vision-agent, See,

to locate the various blocks it needs. However, we never discussed how See itself might work. A

person simply "looks and sees"-fsft that's more complicated than it seems. For instance, even
-a 

simple 
""UL 

looks different from each point of view, since as you move, the images it makes

inside your eye keep changing in both shape and size.

How strange and dangerous moving would be if every step made everything seem wholly

new! But thatrs not how it seems to us. When we move to the right, so that A becomes invisible,

we remember what we learned when we saw it, and it still seems part of what we're seeing now.

How can this be? Here is a theory of why things seem to stay the same, even when what we see

of them keeps changing as we move around.

Frame-Arrays. When we moye, our vision-systems switch dmong a family of differ-
ent frames that all use the same terminals.

I' l l use the term "frame-arrays" for these groups of frames that share the same terminals.
When you represent a thing's details with a frame-array, you can continue to move around yet
"keep in mind" all that you've observed from those different viewpoints, even though vou've
never seen them all at once. This gives us the wonderful ability to conceive of all of an object's
different views as aspects of a single thing.

I do not mean to suggest that every time you see a new object you build a brand-new frame-
array for it. First, you try to match what you see to the frame-arrays in the memories you have
accumulated and refined over periods of many years. How do frame-arrays originate? I would
assume that this underlying pattern-of families of frames that all share common terminals-
is built into the architectures of major sections of the brain. But although that pattern is "built
in," developing the skills for using it involves each child in more than a decade of predestined
learning.

v t E w
F R O M
L E F T
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25.3 THE STATIONARY WORLD

What makes obiects seem to stay in place no matter how the viewer moves? To common
sense this is no mystery: it 's simply that we're seeing all the time and keeping contact with the
world. However, I suspect that if we had to start seeing all over again from every moment to
the next, we'd scarcely be able to see at all. This is because our higher-level agents don't "see"
the outputs of the sensors in our eyes at all. lnstead, they "wotch" the states of middle-Ievel
agencies that don't change state so frequently. What keeps those "inner models" of the world
from changing all the time? This is the function of our frame-arrays: to store what we learn
about the world at terminals that stay unchanged when we move our heads and bodies around.
This explains a wonderful pseudoparadox: objects in the world seem to change only when the
pictures they project into our eyes don't change-that is, don't change according to our expec-
tations. For example, when you walk past a circular dish, your frame-arrays expect that circle
to turn into an ellipse. When that actually happens, the shape continues to "look" circular.
However, should that expected change fail to occur, the shape will seem to change of its own
accord.

How, then, do we automatically compensate for changes of view? The system could work
just as we described in section 24.8: by using the same direction-nemes both to control our own
motions and to select frames from our frame-arrdys. For example, you might use several frames
to represent an image of a cube, arranged in a network like this:

s#it
,!l:::;:J'

When you activate your "move east" direction-neme in order to make your body move in

that direction, the same signal will also make this frame-array replace the middle frame with

the one to its left. This wilicompensate for your change of viewpoint and determine what you

"expect" to see-and the scene will appear to remain stationaryl Michael Crichton has sug-

gesied that when you move inside such a space, you must unconsciously be registering the

Iistortions of the shape, the moving walls and corners. Only you don't interpret these as

changes in the room itself, but use them as more accurate cues to orient yourself in the sPace.
yoir can bypass this entire system by gently pushing the side of your eye with your finger;

then the woild will indeed appear to move, because your frame-arrays do not receive the

corresponding direction signals !
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25.4 THE SENSE OF CONTINTIITY

And any obiect being removed from our eyes, though the

impression it made in us remains; yet other obiects more present

succeeding, and working on us, the lmagination of the past is

obscured. and made weok; os the voyce of a man is in the noyse of

the day. From whence it followeth, that the longer the time is,

after the sight, or Sense of any obiect, the weaker is the
Imagination. For the continuall change of mans body, destroys the
parts which in sense were moved; So that distance of time, and of

place, hath one and the same effect in us.
- H o B B E S

Imagine what these frame-arrays can dol They let us "visualize" imaginary scenes, such as

what might happen when we move, because the frames for what we can expect to see are filled

in automatically. Not only that, but by using other processes to fil l in all those terminals, we

can "imagine" scenes and views of things we've never seen before. Still, many people find it
hard to consider the thought that mental images could be based on anything as crude as frame-
arrays. The world of our experience seems so perfectly continuous. Could such smooth
thoughts emerge from sudden frame-to-frame jumps? If the mind kept f erking from one frame
to another, wouldn't what we experience seem equally abrupt? Yet we rarely feel our minds
change frames, any more than we perceive a visual scene as composed of disconnected spots of
light. Why dowe have the sense that things proceed in smooth, continuous ways? Is it because,
as some mystics think, our minds are part of some flowing stream? I think it 's just the opposite:
our sense of constant, steady change emerges from the parts of mind that manage to insulate
themselves against the continuous flow of time!

In other words, our sense of smooth progression from one mental state to another emerges
not from the nature of that progression itself, but from the descriptions we use to represent it.
Nothing can seem jerky except what ts represented as jerky. Paradoxically, our sense of conti-
nuity comes from our marvelous insensitivity to most kinds of changes rather than from any
genuine perceptiveness. Existence seems continuous to us not because we continually experi-
ence what is happening in the present, but because we hold to our memories of how things
were in the recent past. Without those short-term memories, all would seem entirely new at
every instant, and we would have no sense at all of continuity or, for that matter, of existence.

One nright suppose that it would be wonderful to possess a faculty of "continual awareness."
But such an affliction would be worse than useless, because the more frequently our higher-
level agencies change their representations of reality, the harder it is for them to find signifi-
cance in what they sense. The power of consciousness comes not from ceaseless change of
state, but from having enough stabilitv to discern significant changes in our surroundings. To
"notice" change requires the ability to resist it. In order to sense what persists through time,
one must be able to examine and compare descriptions from the recent past. We notice change
in spite of change, not because of it.

Our sense of constant contact with the world is not a genuine experience; instead, it is a form
of immanence illusion. We have the sense of actuality when every question asked of our visual-
systems is answered so swiftlv that it seems os though those dnswers were already there. And
that's what frame-arrays provide us with: once any frame fil ls its terminols, the terminals of the
other frames in its drrdy are also filled. When every change of view engdges frames whose termi-
nals are already fil led, albeit only by default, then sight seems instantaneous.
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25.5 EXPECTATIONS

But in the common wdy of taking the view of any opake obiect,
that port of its surface, which fronts the eye, is apt to occupy the

mind alone, and the opposite, ndy even every other part of it
whatever, is left unthought of at that time: and the least motion

we make to reconnoitre any other side of the obiect, confounds our

first idea, for want of the connexion of the two ideas.
- W I L L I A U  H o G A R T H

Imagine that you turned around and suddenly faced an absolutely unexpected scene. You'd
be as shocked as though the world had changed before your eyes because so many of your
expectations were not met. When we look about a familiar place, we know roughly what to
expect. But what does expect mean?

Whenever we become familiar with some particular environment like an office, home, or
outdoor place, we represent it with a frame- afia\l whose terminals have already been filled.
Then, for each direction of motion inside that environment, our vision-systems activate the

corresponding frames of that array. We also activate the corresponding frames even when we

merely consider or imagine a certain body motion-and this amounts to "knowing what to

expect." In general, each frame of a spatial frame-array is controlled by some direction-neme.
However, in surroundings that are either especially familiar or whose relationships we do not

understand, we may learn to use more specific stimuli instead of using direction-nemes to

switch the frames. For example, when you approach a familiar door, the frame for the room

that you expect to find behind that door might be activated, not by your direction of motion,

but by your recognition of that particular door. This could explain how a person can reside in

the same home for decades, yet never learn which of its rooms share common walls.

In any case, all this is oversimplified. Many of our frame-arrays must require more than nine

direction views; they need machinery to modify the sizes and shapes of their objects; they rnust

be adapted to three dimensions; and they must be able to represent what happens at interme-

diate moments during motion from one view to another. Furthermore, the control of frame

selection cannot depend on a single, simple set of direction-nemes, for we must also compen-

sate for the motions of our eyes, neck, body, and legs. Indeed, a major portion of our brain-

machinery is involved with such calculations and corrections, and it takes a long time to learn

to use all that machinery. The psychologist Piaget found that it takes ten years or more for

children to refine their abilities to imagine how the same scene will appear from different

viewpoints.
this was the basis of Hogarth's complaint. The artist felt that many painters and sculptors

neyerlearned enough abouf spatial transformations. He felt that mental imagery is an acquired

skill, and he scolded artists who gave too little time to "perfecting the ideas they have in their

minds about the objects in nature." Accordinglv, Hogarth worked out ways to train people to

better predict how viewpoints change appearances.

fHe who undertakes the acquisition ofl perfect ideas of the distonces, bearings,

and oppositions of several material points and lines in even the most irregular

figure's,' will gradually arriye at the knack of recalling them into his mind when the'obiects 
themsetves dre not before him-and will be of infinite service to those who

inyent and draw from fancy, as well as to enable those to be more correct who draw

from the life.
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25.6 THE FRAME IDEA

Questions arise from a point of view-from something that helps
to structure what is problematical, what is worth asking, and what

constitutes dn dnswer (or progress). It is not that the view
determines reality, only what we accept from reality and how we
structure it. I am realist enough to believe that in the long run
reality gets its own chance to accept or reiect our yarious yiews.

- A l l n N  N E w E L L

I first conceived the idea of frames in the early 1970s, while working on making a robot that
could see, and I described the theory in a I974 essay entitled "A Framework for Representing
Knowledge. " The essay influenced the next decade of research on Artificial Intelligence, despite
the fact that most readers complained that its explanations were too vague. In retrospect, it
seems those explanations were at just the right level-bands of detail to meet the needs of that
time, which is why the essay had the effect it did. If the theory had been any vaguer, it would
have been ignored, but if it had been described in more detail, other scientists might have
"tested" it, instead of contributing their own ideas. Then they might have found my proposals
were inadequate. Instead, many versions were suggested by other people, and "frame-based"
programming became popular.

Two students in particular, Scott Fahlman and Ira Goldstein, claimed to understand what I
had meant-and then explained many details I hadn't imagined at all. Another student, Terry
Winograd, worked on making a robot that understood a certain class of English-language
sentences; this led to important theories about the relation between grammar and its effect
upon a listener. Then, since that robot's task was building towers of children's blocks, Winograd
also worked out many details of how to make a Builder. You can see how his theories affected
this book. Yet another student, Eugene Charniak, worked on the problem of how young
children understand the stories they read. He spent at least a solid year thinking about one
such story, which had to do with bringing a kite to a birthday party. Shortly, you'll see the
influence Charniak had on this book.

All along, I had felt that the frame idea itself was rather obvious and perhaps implicit in the
earlier work of psychologists like Bartlett. I considered the more important concept in the I974
essay to be the idea of a frame-system-renamed "frame-arrav" in this book. I was surprised
that the frame idea became popular while the frame-array idea did not. The neme concept
emerged in 1977 (under the term "C-lines"); the K-line idea crystallized in 1979. The concept
of pronomes was in my unconscious mind for several years but did not crystallize until, while
writing this book, I realized how to reformulate several of Roger Schank's early ideas into the
form of Trans-frames. The scheme proposed in this book, in which the frame-terminals are
controlled by bundles of nemes or isonomes, did not emerge until a full decade after the original
concept of a frame-array.

Many questions remain about how frames might work. F or example, it should be possible to
recognize several different things at once by using different frames in parallel. But how can we
see many faces in a crowd at once, or bricks in a wall, or chairs in a room? Do we make many
copies of the same frame? I suspect that's impractical. Instead, perhaps we match each frame
only to one example at a time-and simply assume that the same frame also applies to every
other visible object that shares some characteristic features with the object under attention.
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CHAP.TER 26

I"ANGUAGE.
FRAMES

Thinking . . . is possible only when d wdy hos been found of
breaking up the "mdssed" influence of past stimuli and

situations, only when a device has already been discovered for
conquering the sequential tyranny of past reactions. But though
it is a later and a higher development, it does not supersede the
method of images. It has its own drawbacks. Conf rasted with

imaging it loses something of vivacity, of vividness, of variety.
Its prevailing instruments are words, and, not only because
these are sociol, but also because in use they dre necessorily
strung out in sequence, they drop into habit reactions even
more readily than images do. [With thinkin g] we run greater

and greater risk of being caught up in generalities that mdy have
Iittle to do with actual concrete experience.

- F .  C .  B A R T L E T T



26.I UNDERSTANDING T^IORDS

What happens when a child reads a story that begins like this?

Mary was invited to lack's porty.
She wondered if he would like a kite.

If you asked what that kite was for, most people would answer that it must be a birthday
present for fack. How amazing it is that every normal person can make such complicated
inferences so rapidly-considering that the idea of a gift was never mentioned at all! Could any
machine do such remarkable things? Consider all the other assumptions and conclusions that
almost everyone will make:

The "party" is a birthday party.

lack and Mary are children.
"She" is Mary.
"He" is lack.
She is considering giving Iack a kite.
She wonders if he would like the kite.

We call these understandings "common sense." They're made so swiftly that they're often
ready in our minds before a sentence is completel But how is this done? In order to realize that
the kite is a present, one has to use such knowledge as that parties involve presents, that
presents for children are usually toys, and that kites are appropriate toys to be given as presents.
None of this is mentioned in the story itself. How do we bring together all that scattered
knowledge so quickly? Here's what I think must happen. Somehow the words"Mary was invited
to lack's party" arouses a "party-invitation" frame in the reader's mind-and attached to the
terminals of that frame are certain memories of various concerns. Who is the host? Who will
attend? What present should I bring? What clothing shall I wear? Each of those concerns, in
turn, is represented by a frame to whose terminals are already attached, as default assignments,
the most usual solutions to that particular kind of problem.

Such knowledge comes from previous experience. I was raised in a culture in which an
invitation to a party carries the obligation to arrive well dressed and to bring a birthday present.
Accordingly, when I read or hear that Mary was invited to a party, I attribute to Mary the same
sorts of subjective reactions and concerns that I would have in such a situation. Therefore,
although the story never mentions clothes or gifts at all, to expect their possible involvement
seems only simple common sense. But though it is common, it is not simple. The next few
sections speculate about how story understanding works.
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26.2 UNDERSTANDING STORIES

We'll now see how frames can help to explain how we understand that children's tale. How
do we know that the kite is a present for lack-when neither sentence mentioned this?

Mary was invited to lack's party.
She wondered if he would like a kite.

After the first sentence activates a party-invitation frame, the reader's mind remains engaged
with that frame's concerns-including the question of what type of birthday gift to bring. If this
concern is represented by some subframe, what are the concerns of that subframe? That
present must be something that will please the party host. "Toy" would be a good default for it,
since that's the most usual kind of gift for a child.

Terminals: Host Gif t
Constraint: Host likes gift

The first sentence suggests using

Iack to fill in the fHostJ terminal.

Hos t  G  i f  t
Jack likes toy

The second sentence suggests using
kite for toy and He for fHost].

Host
He

G i f  t
likes kite

Mary was invited to fack's party. She wondered if he would like a kite.

Since "Jack" is a "he" and a "kite" is a "toy," these two frames will merge perfectly-provided

that the reader's frame for boy assumes that fack is likely to enjoy kites. Then our two sentences

combine perfectly to fill the present frame's terminals, and our problem is solved!

Terminals: Host G if t

Constraint: Jack likes kite

What makes a story comprehensible? What gives it coherency? The secret lies in how each

phrase and sentence stirs frames into activity or helps already active ones to fill their terminals.

When the first sentence of our story mentions a party, various frames are excited-and these

are still active in the reader's mind when the next sentence is read. The ground is prepared for

understanding the second sentence because so many agents are already ready to recognize

possible references to presents, clothes, and other matters that might be related to birthday

parties.
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26.3 SENTENCE.FRAMES

People do not usually state all the ports of a given thought that
they are trying to communicate because the speaker tries to be brief

and leaves out assumed or unessential information. The
conceptual processor searches for a given type of information in a
sentence or a larger unit of discourse that will fill the needed slot.

- R o c e n  S c H A N K

We've barely started to see what minds must do to comprehend the simplest children's tales.
Let's look again at the beginning of our party story.

Mary was invited to lack's party.

How marvelous that sentence is! How much it says in just six words! Two characters are
introduced and quickly cast in clear-cut roles. We learn that there will be a party soon, with
Iack as the host and Mary a guest-provided she accepts the invitation. We also learn that this
setting is established in the past.

Those six short words tell even more. We can expect the story to focus on Mary's activities
rather than fack's-because "Mary" is the first word that attracts our attention. But to accom-
plish that, the narrator had to use a clever grammar-tactic. Normally, 3n English-language
sentence begins with a phrase that describes the Actor responsible for some action, and we
usually represent this with a simple Trans-frame.

IACK INYIT-ed MARY
Donor action verb Recipient

In this "active verb" form of sentence-frame, the verb is sandwiched between two nouns; the
first describes a Donor and the second describes a Recipienf . However, if our storyteller actually
used the active form of sentence-frame, it would tend to mislead the listener into expecting
Iack to be the central character of the story-if only because he is mentioned first. Fortunately,
English grammar provides an alternative sentence-frame in which the Reci pient is mentioned
first-and which never mentions the Donor at all!

MARY wds INYIT-ed
Recipientwas verb-ed.

How does the understanding listener detect this "passive verb" sentence-frame? Some
language-agent has to notice the way the verb is sandwiched between "wds" and"-ed." As soon
as this special subframe is recognized, the language-agency will reassign the first noun, Mary,
not to the Donor terminal, but to the Recipienf terminal-and thus Mary is represented as
receiving the invitation. Why don't we need to say who the donor is? Because in this case the
listener can assume it by default. Specifically, the expression "lack's party" evokes a "party-
invitation frame," and in such situations it is typical for the host-or the host's parents-to
invite the party guests. By thus arousing familiar frames, we can say a great deal in a very few
words.
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26.4 A PARTT-FRAME

par.ty n. A gathering for social entertainment, or the
entertainment itself, often of a specific nature.

-W ebster' s U nabridged Dictionary

Dictionary definitions never say enough. Every child knows that a party is more than just a
gathering assembled to celebrate someone's birthday. But no brief definition can describe the
complicated customs, rules, and regulations that typical communities prescribe for such cere-
monies. When I was a child, a birthday party could be expected to include at least the elements
of the following script:

ARRIVAL.
Greeting. Be well dressed.

GIF'T.
Give birthday present to host or guest of honor.

GAMES.
Activities like blindfold competitions.

DECOR.
Balloons. Favors. Crepe-paper decorations.

PARTY-MEAL.
Hotdogs, candies, ice-cream, etc.

CAKE.
With candles to represent the host's age.

CEREMONY.
Host tries to extinguish candles with single breath (to make a wish).

SONG.
All guests sing birthday song and eat cake.

This is merely an outline, for every item leads to other conditions and requirements. The
birthday present has to please the host, of course, but there are other strong constraints on it
as well. It ought to be brand new, of good quality, and it should not be ostentatiously extrava-
gant. It ought to be suitably "party-wrapped"-that is, covered with a certain kind of color-
printed wrapping paper and tied with colored ribbon. There are also constraints on other items
in the script. The birthday cake should be covered with a sweet sugar frosting. In my childhood,
the ice cream usually consisted of three colored stripes of different flavors: vanilla, strawberry,
and chocolate. Because I did not like the strawberry flavor, my personal party script included
the extra steps of finding another child willing to make a trade.

To all their young participants, such parties unfold exactly as a party should, with all these
queer complexities. We take our social customs for granted, as though they were natural
phenomena. Few guests or hosts will ever wonder why their parties have those explicit forms or
isk about their origins. As far as any child can tell, that's just how parties ought to go; they
always did and always will. And so it is with almost everything we know.
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26.5 STORY.FRAMES

It 's the way in which all toles have been told from Homer and
Sophocles down through Kipling, Hemingway, Bradbury,

Sturgeon, McCaffrey, Zelazny, whoever. Once upon a time, you
say, there lived so-and-so in such and such a place, and while he

was minding his own business the following absolutely astonishing
thing happened to him. And so you begin; and they gather close

about you, for they cannot choose but to hear.
- R o B E R T  S t t , v E R B E R G

We take it for granted that anyone can understand a story. But every kind of narrative
demands some "listening skills." Even the best storytellers find it hard to entertain children,
who are prone to interrupt with questions that make perfect sense by themselves but drift away
from the story's theme. "Where does Mary live?" "Does she have a dog?" To listen well, a child
must acquire potent forms of self-control.

The storyteller, too, must work to fix the focus of the listener's mind. If you were speaking
about something else and suddenly, completely out of context, remarked, "Mary was invited to

lack's party," an unprepared listener might wonder, "Mary who?" and look to see if you were
addressing someone else. But you can first prepare the listener by saying, "Would you like to
hear a story?" or simply, "Once upon a time . . ." What is the function of such a phrase? It has
a very specific effect: to set the listener into a normal and familiar state of expecting to hear a
certain type of narrative-a story. In the English tradition, stories typically begin by specifying
the time-if only vaguely, by saying "long dgo." I'm told that in fapan most stories start with
saying where as well-if only by some empty phrase like "in a certain time and place." The
biblical book of fob begins with, "There wds d mdn in the land of Uz . . ."

Most stories start with just enough to set the scene. Then they introduce some characters,
with hints about their principal concerns. Next, the storyteller gives some clues about some
"main event" or problem to be solved. From that point on, the listener has a general idea of
what comes next: there will be more development of the problem; then it will be resolved,
somehow; and then the story will end, perhaps by giving some practical or moral advice. In
any case, those magic story-starting words arouse, in knowing listeners' minds, great hosts of
expectation-frames to help the listeners anticipate which terminals to fill.

Terminal or Concern Assignment

Time Setting?
Place Setting?
Protagonist?
Central Concern?
Antagonist?

The past
Iack's home
Mary is heroine
Mary' s subiective reaction

lndicated by

Past tense of verb
Destination
Syntactic emphasis
Default assumption
I'lot yet mentioned

Beyond arousing all these specific expectations, "once upon a time" plays one more crucial
role: it says that what comes after it is fictional or, in any case, far too remote to activate much
personal concern. Instead, it tells the listener to disregard the normal sympathies one should
feel when real persons meet the monstrous destinies so usual in children's tales: to be turned
into toads, imprisoned in stones, or devoured by terrible dragon beasts.
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26.6 SENTENCE AND NONSENSE

Part of what a sentence means depends upon its separate words, and part depends on how
those words are arranged.

Round squdres steal honestly.
Honestly steal squdres round.

What makes these seem so different in character, when both use the very same words? I'll
argue that this is because your language-agency, immediately upon hearing the first word-
string, knows exactly what to do with it because it fits a well-established sentence-frame. The
second string fits no familiar form at all. But how do we fit those sentence-frames? We'll come
to that presently, but for the moment, let's simply assume that our young listener has somehow
come to classify words into various types, like nouns, adjectives, verbs, and adverbs. (We'll
ignore the fact that children go through other stages before they use words as adults do.) Then
our first string of words has this form:

Adiective Noun Y erb Adverb

Now we'll suppose our listener has learned a specific recognition-frame that is activated on
hearing this string of particular types of words. This frame then executes a special process script
that makes the following assignments to the terminals of aTrans-frame. The neme for "steal" is
assigned to the Trans-frame's Action terminal, while the neme for "squares" is attached to the
Actor terminal. The frame then activates scripts that modify the action "steal" by applying to it
the neme for "honestly" and modify the object "squares" by applying to it the neme for "round. "
Up to this point, everything works smoothly: the language-agency has found a use for every
word. We have special names for the strings of words that we process with such fluency: we call
them "phrases" or "sentences. "

A word-string seems "grdmmdtical" if all its words fit quickly and easily into frames
that connect suitably to one another.

However, at this point some serious conflicts start to appear within some other agencies
because of certain incompatibilities. The frame for "steal" requires its Actor to be animate. A
square can't steal, because it's not alive! Besides, the frame for "steal" expects an act that's
reprehensible, and that clashes with the modifier for "honestly." If that weren't bad enough,
our agency for describing shape can't tolerate the polynemes for "round" and "square" when
both are activated at the same time. It doesn't matter that our sentence is grammatical: so much
turmoil is set up that most of its meaning cancels out and we regard it as "nonsense." But it is
important to reco gnize that the distinction between sense and nonsense is only partly a matter
of grammar, for consider what happens when you hear these three words:

thief -- -- careless -- -- prison --

Although these do not establish any single well-formed grammar-frame, they activate some
word-sense nemes that skip past all our grammar-forms to fit a familiar story-frame, a moral
tale about a thief who's caught and reaps a just reward. Ungrammatical expressions can fre-
quently be meaningful when they lead to clear and stable mental states. Grammar is the servant
of language, not the master.
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26.7 FRAMES FOR NOUNS

At various points in their development, most children seem suddenly to comprehend new
kinds of sentences. Thus, once they learn to deal with single adjectives, some children quickly
learn to deal with longer strings like these:

Dogs bark. Big dogs bark. Big shaggy dogs bark. Big black shaggy dogs bark.

If this were done by using word-string sentence-frames, it would require a separate frame for
each different number of adjectives. Another scheme would not use any frames at all but have
the language-agency convert each adjective, as it arrives, into some corresponding neme. And
yet another scheme to handle this (still popular among some grammar theorists) would have
each successive adjective arouse a new subframe inside the previous one. However, when we
look more closely at how people use adjectives, we find that these strings are not simple at all.
Compare the two phrases below:

The wooden three heavy brown big first boxes . . .
The first three big brown heavy wooden boxes . . .

Our language-agents scarcely know what to do with that first string of words because it doesn't
fit the patterns we normally use for describing things. This suggests that we use framelike
structures for describing nouns as well as verbs-that is, for describing things as well as actions.
To fill the terminals of those frames, we expect their ingredients to arrive in a more or less
definite order. We find it hard to understand a group of English adjectives unless they are
arranged roughly as shown below.

:CIngr:ii'iiolii
::::::All::::::::::::::::::::::'t i:::::::::::
ii.1i::N.iiiiiii:4c.iiiiitl

lii:i::ii*Jff i:i::i:iii:i
SELECTOR

the first

l
three hat boxes.

I
NOUNORDERER SIZE SHAPE COLOR

DETERMINER NUMBER POLYNEME CLASSIFIER

Whenever a language community can agree on forms like these, expression becomes easier.
Then every individual can learn, once and for all, where to put-and where to find-the
answers to questions most frequently asked. In English one learns to say "green box," while in
French one says "box green." It doesn't matter which order is used-as long as everyone agrees
to do it the same way. But what are the "questions most frequentfu asked"-the ones we build
into our language-forms? The answer to this is likely to be somewhat circular, since the lan-
guage culture in which we're raised will probably affect the kinds of questions that will seem
most natural to ask. Still, there could be useful clues in features that are common to many
different languages.

Many scientists have asked, indeed, why so many human languages use similar structures
such as nouns, adjectives, verbs, clauses, and sentences. It is likely that some of these reflect
what is genetically built into our language-agencies. But it seems to me even more likely that
most of these nearly universal language-forms scarcely depend on langu age at all-but reflect
how descriptions are formed in other agencies. The most common forms of phrases could arise
not so much from the architecture of the language-agencies as from the machinery used by
other agencies for representing objects, actions, differences, and purposes-as suggested in
section 22.7-and from how those other agencies manipulate their memories. In short, the
ways we think must have a strong and universal influence on how we speak-if only through
its influence on the sorts of things we'll want to say.
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26.8 FRAMES FOR VERBS

We've seen how a four-word sentence such as "Roun d squares steal honestly" could be made
to fit a certain four-terminal frame. But what about a sentence like "The thief who took the
moon moved it to Paris"? It would be dreadful if we had to learn a new and special ten-word
frame for each particular type of ten-word string! Clearly we don't do any such thing. Instead,
we use the pronoun "who" to make the listener find and fill a second frame. This suggests a
multistage theory. In the earliest stages of learning to speak, we simply fill the terminals of
word-string frames with nemes for words. Then, later, we learn to fill those terminals with other
fiIled-in language-frames. For example, we can describe our moon sentence as based on a top-
level Trans-frame for "move" whose Actor terminal contains a second Trans-frame for "took":

Using frames this way simplifies the iob of learning to speak by reducing the number of
different kinds of frames we have to learn. But it makes language learning harder, too, because
we have to learn to work with several frames at once.

How do we know which terminals to fill with which words? It isn't so hard to deal with "red,
round, thin-peeled fruit," since each such property involves a different agency. But that won't
work for "Mary loves lack," since "lack loyes Mdry" has the very same words, and only their
order indicates their different roles. Each child must learn how the order of words affects which
terminal each phrase should fil l. As it happens, English applies the same policy both to "Mary
loves lack" and to our moon sentence:

Assign the Acfor pronome to the phrase before the verb.
Assign the Obiecf pronome to the phrase after the verb.

The policies for assigning phrases to pronomes vary from one language to another. The word
order for Actor and Obiecf is less constrained in Latin than in English, because in Latin those
roles can be specified by altering the nouns themselves. In both languages we often indicate
which words should be assigned to other pronome roles by using specific prepositions like "for "
"by," and "with." In many"arr"r, differentverb types usethe same prepositions to indicate the
use of different pronomes. At first such usages may seem to be arbitrary, but they frequently
encode important systematic metaphors; in section2I.2we saw how "from" and "to" are used
to make analogies between space and time. How did our language-forms evolve? We have no
record of their earliest forms, but they surely were affected at everv stage by the kinds of
questions and problems that seemed important at the time. The features of present-day lan-
guages may still contain some clues about our ancestors'concerns.
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26.9 I.ANGUAGE AND VISION

Some language scholars seem to think that what we do in language is unique, in the filling of

frames withgthlr frames to open up a universe of complicated structure-forms. But consider

how frequently we do similarly complex things in understanding visual scenes. The language-

agency must be able to interrupt itself, while handling one phrase, to work on parts of another

p[r"r., and this involves some complex short-term memory skills. But in vision, too, there must

t. si*il"r processes involved in breaking scenes apart and representing them as composed of

objects and relationships. The picture below suggests how similar such processes may be. In

language, the problem is to recognize that the two words "took" and "out" both belong to the

r"*" virb phrase, although they are separated in time. In vision, the problem is to recognize

the two ,"gio.rr of a tabletop as being parts of the same object, although they are separated in

space.

Notice also that we cannot see the tops of the blocks that serve as legs-and yet we do not

have the slightest doubt about where they end. Similarly, the ends of language phrases are
frequently unmarked-yet again we can tell where they end. ln "The thief who took the moon
moved it to Pdris," the word "who" marks the beginning of a new frame, but there is no special
word to indicate the ending of that phrase. Why don't we wrongly assign "the moon" to the
Actor of the spurious phrase, "The moon moved it to Paris?" It is because we first heard

who took the moon," which caused "the moon" to get attached to the Obiecf pronome of
theTrans-frame for "took"-5e now it's not available to serve as Actor in the frame for "moved."
"The thief is still available to play that role. I don't mean to suggest we can never assign the
same phrase to two different roles, only that good speakers choose their forms so that this
doesn't happen by accident.

Did our capacity to deal with phraselike structures evolve first in language or in vision?
Among our ancestors, vision greatly antedates language, so if these abilities are related, our
language-agencies themselves more likely evolved from variants of genes that first evolved in
shaping the architecture of our vision-systems. Today we have no way to verify such a coniec-
ture, but future geneticists may become able to trace the ancestry of many such relationships
by examining the genes that generate the corresponding brain structures.
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26.10 TEARNING I.ANGUAGE

Language is itself the collective art of expression, d summary of
thousands upon thousands of individual intuitions. The

individual goes lost in the collective creation, but his personal
expression has left some trace in a certain give and flexibility that

are inherent in all collective works of the human spirit.
- E o w A R o  S n p r n

The vocabulary of a language-the words themselves-is the product of a project that spans
the history of a culture and can involve millions of person years of work. Every sense of every
word records some intellectual discovery that now outlives the myriad other, less distinguished
thoughts that never earned a name.

Each person invents some new ideas, but most of these will die when their owners do, except
for those that make their way into the culture's lexicon. Still, from that ever-growing reservoir
we each inherit many thousands of powerful ideas that all our predecessors found. Yet it is no
paradox to say that even as we inherit those ideas from our culture, we each must reinvent
them for ourselves. We cannot learn meanings only by memorizing definitions: we must also
"understand" them. Each situation in which a word is used must suggest some mixture of
materials already in the mind of a listener, who then, alone, must attempt to assemble these
ingredients into something that will work in consonance with other things already learned.
Definitions sometimes help-but still one must separate the essences from the accidents of the
context, link together structures and functions, and build connections to the other things one
knows.

A word can only serve to indicate that someone else may have a valuable idea-
that is, some useful structure to be built inside the mind. Each new word only
plants a seed: to make it grow, a listener's mind must find a way to build inside
itself some structure thot appears to work like the one in the mind from which it
wds "Iedrned."

Along with the words, we also have to learn the grammar-tactics for using them. Most
children start by using only one or two words at a time. Then, over the next two or three years,
they learn to speak in sentences. It usually takes a full decade to learn most of the conventions
of adult speech, but we often see relatively sudden advances over concentrated periods of time.
How do children learn such complicated skills so quickly? Some language theorists have sug-
gested that children learn to use grammar so readily that our brains must be born with built-in
grammar-machinery. However, we've seen that our visual-systems solve many similar problems
in even earlier years-and we've also seen that when they learn to play with spoons and pails,
children must learn yet other languagelike skills for managing the Origins, Destinations, Recip-
ients, and Insf ruments of their actions. Thus, many sections of our brains appear to demon-
strate capacities for rearranging pronome roles even before we learn to speak. If so, perhaps we
ought not to wonder so much about how children learn to speak so readily. Instead, we ought
to wonder why it takes so long, when they already do so many similar things inside their heads.
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26.II GRAMMAR

How do we choose the words we speak, and how do we understand what others say? Earlier,

I suggested that in the course of learning language we accumulate various processes and tactics

thaiLnable us to partially reproduce our own mental operations in other speakers. These

processes affect oui choices of words, the forms we select for phrases and sentences, and the

ityl.r in which we frame our narratives. There have been many attempts to study how children

learn language, but psychologists do not yet have coherent theories about the underlying

processer. For example, we do not yet even know whether we learn each bit of grammar only

bn""-or whether we have to learn it twice, for speaking and for understanding what other
people say.

We know so little about such matters that we can scarcely even speculate about the nature

of those early language-learning steps. Perhaps the process starts with some agents that can

enable a child to make various vocal sounds in response to specific internal states. These agents

then become involved with built-in "predestined" learning processes that lead to limited abilities
to imitate other sounds the child hears by using feedback from its ears. Later stages might then

engage new layers of agents that connect word-sound agents to whichever polynemes are most
frequently attached to certain pronomes in the language-agency. Once a suitable variety of
such processes are established, more layers of frame- and memory-controlling agents could
learn to support more complex language skills.

Let's try to imagine what kind of process could produce a language phrase that "expresses" a
description of an object. Suppose, for example, that you want to draw attention to a certain
very big box. To imagine such a thing in the first place, you might first have to activate your
polyneme for "box" and then arouse some other isonomes and polynemes that modify the state
of your Size agency. To express "very big box" might thus require grammar-tactics that express
three mental operations:

---"box" expresses the arousal of the box polyneme;
---"big" expresses a process that selects the Size ogency;
---"very" expresses an isoname that adiusts the sensitivities of agents in whichever

dgency was selected.

I do not mean to suggest that a child's earliest three-word noun phrases must be based upon
such complicated processes; more likely they begin with simpler sequence scripts. Eventually,
though, more complex systems intervene to replace the simple scripts by intricate kinds of
frame-arrays that enable the child to make more complex rearrangements of what becomes
attached to its expression-frames. Then, as the language-agency acquires more isonome-
controlling skills, the child can learn to use pronouns like "it" or "she" to express other struc-
tures that are already attached to suitable pronomes. Also, as we develop skills for building
chains and trees from other frames, the language-agency can learn to use corresponding
grammar-tactics to express those chains-stringing together phrases and sentences with con-
junction words like "and" and "but." Similarly, as we improve our methods for controlling
memories and managing interruptions, we can learn to combine those skills with clause-
interrupting forms like "who" and "which. " There seems scarcely any limit to the complexity of
our social inventions for expressing mental processes, and it takes most children many years to
master all the language arts their ancestors evolved.
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26.12 COHERENT DISCOURSE

Words . . cdn indicate the qualitative and relational features of a
situation in their general aspect iust as directly as, and perhaps

even more satisfactorily than, they can describe its particular
individuality. This is, in fact, what gives to language its intimate

relation to thought processes. For thinking, in the proper
psychological sense, is netter the mere reinstatement of some

suitable past situation produced by a crossing of interests, but is
the utilization of the past in solution of difficulties

set by the present. . . .
- F .  C .  B A R T L E T T

Every discourse works on several scales. Each word you hear can change your state in a way
that depends upon all the structures you have built while listening to the words that came
before. Most of those structures are themselves mere transient things, which persist for only a
few moments before you rearrange some of their parts and perhaps discard the rest entirely.
Thus, a car might first appear as the subject of a sentence, then become a mere vehicle or
instrument in the next sentence; finally, the whole scenario might be used merely to modify a
personal trait of some actor in a larger scene. As a discourse proceeds, details on each scale
become absorbed into larger-scale representation networks whose outlines become increasingly
remote from the individual words that were used to construct them.

It would be wonderful to have a compact, self-contained theory that explains all our
language-forms. But that ideal cannot be realized because words are merely the external signs
of very complex processes, and there is no clear boundary between languoge and all the rest of
what we call thinking. To be sure, the boundaries of words themselves are relatively clear, and
when they have multiple meanings, our grammar-tactics can often help us to assign the proper
senses to various terminals and other structures. These tactics include all sorts of inflections,
prepositions, word orderings, and signals that indicate how to include one phrase inside an-
other. We also combine words into larger expressions that range in vagueness of boundaries
from compact clichds like "hot dog" to diffuse signals that are scarcely linked to specific words
at all; these include our hard-to-describe nuances of phrasing, rhythm, intonation, and shifts
of style and flow.

We're normally quite unaware of how our grammar-tactics constrain us in our choices of
words. We're often somewhat more aware of other language-tactics we use to guide our lis-
teners' minds-to change the focus from one theme to another, to adiust the levels of detail,
to shift between foreground and setting. We learn to use phrases like "by the way" to change
the topic of concern, to say "for example" to shift to a finer level of detail, to say "but" to modify
an expectation or to interrupt the usual flow, or to say "in any cdse" or "in spite of that" to
indicate the end of an interruption or elaboration.

But even all this is only a small part of language. To understand what people say, we also
exploit our vast stores of common knowledge, not only about how specific words are related to
the subjects of concern, but also about how to express and discuss those subjects. Every human
community evolves a great array of discourse-forms to shape its stories, explanations, conver-
sations, discussions, and styles of argument. fust as we learn grammar-forms for fitting words
to sentence-frames, we also build ,tp stocks of "plots" to organize our story-tales, and standard
personalities to fill the roles of their protagonists-and every child must learn these forms.
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CHAPTER 27

CENSORS AND
JOKES

A man at the dinner table dipped his hands in the mayonnaise

and then ron them through his hair. When his neighbor

looked astonished, the mdn apologized: "I'm so sorry ' I
thought it was sPinach."

- S r c M U N n  F R E U D



27.I DEMONS

Our reader must be anxious to know what finally became of Mary and that kite. Here is more
of that story.

Mary was invited to lack's party. She wondered if he would tike a kite.
lane said, "lack already has a kite. He will make you take it back."

What does the pronoun "it" mean here? Clearly fane is speaking not of the kite that already
belongs to fack, but of the new kite that Mary is thinking oi giving to hi-. But what leads the
listener to assume that this is what the storyteller meant? There are many issues here besides
the question of which kite is involved. How do we know "it" refers to a kite at all? Does ,.take it
back" mean take it back from Jack or to return it to the store? For the sake of simplicity, let's
put aside the other possibilities and assume that "if" must mean a kite. But in order to decide
which kite is meant, we stil l must understand the larger phrase "take it back." This phrase must
refer to some structure already in the listener's mind; the narrator expects the listener to find
the appropriate structure by activating an appropriate fragment of 

"o-rnonsense 
knowledge

about giving and receiving birthday presents. But sinc" .u"ry listener knows so many things,
yh"! sorts of processes could activate the appropriate knowledge without taking too much time?
ln L974 Eugene Charniak, a graduate student at MIT, asked how each phrase of this story
works to prepare the reader to comprehend the subsequent phrases. He suggested that when-
ever we hear about a particular event, specific recognition-agents are thereby aroused. These
then proceed actively to watch and wait for other related types of events. (Because these
recognition-agents lurk silently, to intervene only in certain circumstances, they are sometimes
called "demons-") For example, whenever a story contains the slightest hint that someone may
have purchased a gift, specific demons might be aroused that watch for events like these:

If there is evidence that the recipient reiects the gift, look for signs of it being
returned. lf you see evidence of a gift being returned, look for signs-that the recipi-
ent reiected it.

Charniak's thesis raised many questions. How easy should it be to activate demons? How
long should they then remain active? If too few demons are aroused, we'll be slow to understand
what's happening. But if too many become active, we'll get confused by false alarms. There are
no simple solutions to these problems, and what we call "understanding" is a huge accumula-
tion of skills. You might understand certain parts of a story by using separate, isolated demons;
you might comprehend other aspects of that same story by using largei-scale processes that try
to match the sequence of events to various remembered scripts; yet other understandings mighi
depend upon which agents are aroused by various micronemes. How much of the fascinatiort
in telling a story, or in listening to one, comes from the manipulations of our demons' expec-
tations?
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27.2 SITPPRESSORS

It would be wonderful never to make mistakes. One way would be to always have such perfect

thoughts that none of them is ever wrong. But such perfection can't be reached. Instead we

try, a-s best we can, to recognize our bad ideas before they do much harm. We can thus imagine

two poles of self-i-prou.-int. On one side we try to stretch the range of the ideas we generate:

this leads to mor" id""r, but also to more mistakes. On the other side, we try to learn not to

repeat mistakes we've made before. All communities evolve some prohibitions and taboos to

teil their members what they shouldn't do. That, too, must happen in our minds: we accumu-

late memories to tell ourselves what we shouldn't think.

But how could we make an agent to prevent us from doing something that, in the past, has

led to bad or ineffectual resultsftdeallv, that agent would keep us from even thinking that bad

idea again. But that seems almost paradoxical, like telling someone, "Don't think about a

*onkiyt" yet there is a way to accomplish this. To see how it works, imagine the sequence of

mental states that led to a certain mistake:

Prev ious+ ,Presen t  G+ Undes i rab le
s t a t e  

- s t a t e  
T  A c t i o n

I
S U  P P R E S S O  R

We could prevent the undesired action from taking place by introducing an agent that

recognizes the state which, in the past, preceded the undesired action.

Suppressor-agen ts wait until you get a certain "bod idea." Then they prevent your

taiiig the cinesponding action, and make you wait until you think of some

alternative. lf a suppressor could speak, it would say, "Stop thinking that!"

Suppressors could indeed prevent us from repeating actions that we've learned are bad. But

It is inlfficient to wait until we actually reach undesirable states, then have to "backtrack." It

would be more efficient to anticipate such lines of thought so that we never reach those states

at all. In the next section we'll see how to do this by using agents called censors.

Censor-agents need not wait until a certain bad idea occurs; instead, they inter-

cept the iates of mind that usually precede that thought. lf a censor could speak,

it would sdy, "Don't even begin to think that!"

Though censors were conceived of long ago by Sigmund Freud, they're scarcely mentioned

i1 present-day psychology. I suspect that this is a serious oversight and that censors play

fundamental roles in how we learn and how we think. Perhaps the trouble is that our censors

work too well. For, naturally, it is easier for psychologists to study only what someone does-

instead of what someone doesn't do.
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27.3 CENSORS

To see what suppressors and censors have to do, we must consider not only the mental states
that actually occur, but others that might occur under slightly different circumstances.

Prev ious state

Possible state

Possible state

Present state

Possible state

Possible state

su  PP FESSO R

t- u'l:;,';io''

Suppressors work by interceding to prevent actions iust before they would be performed.
This leads to a certain loss of time, because nothing can be done until acceptable alternatives
can be found. Censors avoid this waste of time by interceding earlier. Instead of waiting until
an action is about to occur, and then shutting it off, a censor operates earlier, when theie still
remains time to select alternatives. Then, instead of blocking the course of thought, the censor
can merely deflecf it into an acceptable direction. Accordingly, no time is lost.

Clearly, censors can be more efficient than suppressors, but we have to pay a price for this.
The farther back we go in time, the larger the variety of ways to reach 

"""h 
unwanted state of

mind. Accordingly, to prevent a particular mental state from occurring, 2n early-acting censor
must learn to recognize all the states of mind that might preced e it. Thus, each censor-mal, in
time, require a substantial memory bank For all we know, each person accumulates millions of
censor memories, to avoid the thought-patterns found to be ineffectual or harmful.

Why not move farther back in time, to deflect those undesired actions even earlier? Then
intercepting agents could have even larger effects with smaller efforts and, by selecting good
paths early enough, we could solve complex problems without making any mistakesll ail.
Unfortunately, this cannot be accomplished only by using censors. This is because as we extend
a c,ensor's range back into time, the amount of inhibitory memory that would be needed (in
order to prevent turns in every possible wrong direction) would grow exponentially. To solve a
complex problem, it is not enough to know what might go wrong. One alio needs some positive
plan.

As I mentioned before, it is easier to notice what your mind does than to notice what it
doesn't do, and this means that we can't use introspection to perceive the work of these inhibi-
tory agencies. I suspect that this effect has seriously distorted our conceptions of psychology
and that once we recognize the importance of censors and other forms of "rr.g"tivi ieco gniz-
ers," we'll find that they constitute large portions of our minds.

Sometimes, though, our censors and suppressors must themselves be suppressed. In order to
sketch out long-range plans, for example, we must adopt a style of thoughithat clears the mind
of trivia and sets minor obstacles aside. But that could be very hard to do if too many censors
remained on the scene; they'd make us shy away from strategies that aren't guaranteed to work,
and tear apart our sketchy plans before we can start to accomplish them.

CE NSOR
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27.4 EXCEPTIONS TO TOGIC

The thought behind I stroYe to ioin
Unto the thought before.
But sequence ravelled out of reach
Like balls uPon the floor.

- E v n l v  D I C K I N S o N

We spend our lives at learning things, yet always find exceptions and mistakes. Certainty

seems always out of reach. This means that we have to take some risks to keep from being

paralyzed by cowardice. But to keep from having accidents, we must accumulate two comple-

mentary types of knowledge:

We search for "islands of consistency" within which ordinary reasoning seems safe.

We work also to find and mark the unsafe boundaries of those domains.

In civilized communities, appointed guardians post signs to warn about sharp turns, thin ice,

and animals that bite. And so do our philosophers, when they report to us their paradoxical

discoveries-those tales of the Liar who admits to lying and the Barber who shaves all the

people who do not shave themselves. These valuable lessons teach us which thoughts we

shouldn't think; they are the intellectual counterparts to Freud's emotion censors. It is interest-

ing how frequently we find paradoxical nonsense to be funny, and when we come to the section

on jokes, we'll see why this is so. When we look closely, we find that most iokes are concerned

with taboos, injuries, and other ways of coming to harm-and logical absurdities can also lead
to harm.

We tell our children not to cross the road unless they are sure no car is coming. But what do

we mean by "sure"? No one can ever really "prove" that no car is coming, since there is no way

to rule out the possibility that some mad scientist has found a way to make cars invisible. In

ordinary life we have to deal with "usual" instead of "true." All we can really ask a child to do is
"look both wdys before you cross." In the real world, it makes no sense to ask for absolute

certainty.
Unfortunately there are no simple, foolproof ways to get around the inconsistencies of com-

mon, sense. Accordingly, we each must learn specific ways to keep from various mistakes. Why
can't we do that logically? The answer is that perfect logic rarely works. One difficulty is finding
foolproof rules for reasoning. But the more serious problem is that of finding foolproof bases
for our arguments. It is virtually impossible to state any facts about the real world that actually
are always true. We observed this when we discussed "Birds can Fly." This statement applies to

typical birds, but not to birds imprisoned in small cages, chained with leg irons, or under the
influence of high-gravity fields. Similarly, when you're told, "Rover is a dog," you'll assume that
Rover has a tail, since your frame for a typical dog has a terminal for a tail. But should you

learn that Rover lacks a tail, your mind won't self-destruct; instead, you'll change your Rover-
f13ms-but still expect most other dogs to keep their tails.

Exceptions are a fact of life because few "facts" are always true. Logic fails because it tries to
find exceptions to this rule.
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27.5 JOKES

Two villagers decided to go bird hunting. They packed their guns and set out with
their dog into the fields. Near evening, with no success at att, one said to the other,
"we must be doing something lvrong." "yes," agreed the friend,,,perhaps we,re not
throwing the dog high enough."

Why do jokes have such peculiar psychological effects? In 1905, Sigmund Freud published a
book explaining that we form censors in our -indr as barriers againstlorbidden thoughts. Most
iokes, he said, a_re stories designed to fool the censors. A joke's fo*., 

"o-., 
from 

" 
d".r"riftio'

that fits two different frames at once. The first meaning -uri be transparent and innotent,
while the second meaning is disguised and reprehensiSle. The 

".rro6 
recognize only the

innocent meaning because they are too simple-minded to penetrate the forbidten meaning's
disguise. Then, once that first interpretation is firmly planted in the mind, a final turn of word
or phrase suddenly replaces it with the other one. Th. 

".rrsored 
thought has been slifped

through; a prohibited wish has been enjoyed.
Freud suggested that children construct censors in response to prohibitions by their parents

or peers' This explains why so many iokes involve taboos conceining cruelty, sexualiiy, and
other subjects that human communities typically link to guilt, disgust, J, shame. But it troubled
Freud that this theory did not account for the "nonsens. |ok.r" p"opi" seem to enjoy so much.
The trouble was that these seemed unrelated to social prohibitions, He could not'explair, *hy
people find humor in the idea of "d knife that has lost both its blade and its handle."

Freud considered several explanations to account for pointless nonsense jokes but concluded
that none of those theories wa_s good enough. One theory was that people tell nonsense ;ot 

",for the pleasure of arousing the expectation of a real ioke and then fiustrating the listener.
Another theory was that senselessness reflects "a wish to return to carefree childhood, when
one was permitted to think without any compulsion to be logical, and to put words together
without sense, for the simpler pleasures of rhythm or rhyme. "-Freud put it thi, *"y,

Little by little the child is forbidden this enioyment, til l there remain only signif-
icant combinations of words. But attempts still emerge to disregard restrictions
which were learned.

In yet a third theory, F reud coniectured that humor is a way to ward off suffering-as when,
in desperate situations, we make iokes as though the world were nothing but a game. Freud
suggested that this is when the superego tries to comfort the childlike ego by ref ecting all reality;
but he was uneasy about this idea because such kindliness conflicted with his iniage of the
superego's usual stern, strict character.

Despite Freud's,complicated doubts, I'll argue that he was right all along. Once we recog nize
that ordindry thinking, too, requires censors to suppress ineffectual menLl pro""sses, then all
the different-seeming forms of jokes will seem more similar. Absurd results tf ,"rrorring must
be tabooed as thoroughly as social mistakes and inanities! And that's why stupid thouglits can
seem as humorous as antisocial ones.
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27.6 HUMOR AND CENSORSHIP

people often wonder if a computer could ever have a sense of humor. This question seems

natural to those who think of humor as a pleasant but unnecessary luxury. But I' l l argue quite

the opposite-that humor has a practical and possibly essential function in how we learn.

When we learn in a serious context, the result is to change connections dmong

ordinary agents. But when we learn in a humorous context, the principal result is

to change the connections that involve our censors and suppressors.

In other words, my theory is that humor is involved with how our censors learn; it is mainly

involved with "rr"g"tiue" th-inking, though people rarely realize this. Why use such a distinct

and peculiar medi,r- 
", 

humor for this purpose? Because we must make a sharp distinction

between our positive, action-oriented memories and the negative, inhibitory memories embod-

ied in our censors.

Positiye memory-ogents must learn which mental states are desiroble.

I,{egative memory-agents must learn which mental states are undesirable.

Because these two types of learning required different processes, it was natural to evolve

social signals to communicate that distinctircn. When people do things that we regard as good,

*, ,p"rf to them in encouraging tones-and this switches on their positive learning machinery.

However, when people do things we consider stupid or wrong, we then complain in scornful

tones or laugh derislvely; this r*it.h.r on their negative learning machinery. I suspect that

scolding arrdlaughing have somewhat different effects: scolding tends to produce suppressors'

but laulhing ten"ds to produce censors. Accordingly, the effect of derisive humor is somewhat

more hlely to disrupt our present activity. This is because the process of constructing a censor

deprives us of the use of o,r, temporary memories, which must be frozen to maintain the

records of our recent states of mind.

Suppressors merely need to learn which mental states are undesirable-

Censors must remember and learn which mental states were undesirable.

To see why humor is so often concerned with prohibition, consider that our most productive

forms of thought are just the ones most subject to mistakes. We can make fewer errors by

confining o,rrr"lues to cautious, "logical" reasoning, but we'll also discover fewer new ideas.

More 
""i-r 

b. gained by using metaphors and analogies, even though they are often defective

and misleading. I think this is why so many jokes are based on recognizing inappropriate

comparisons. Why, by the way, do we so rarely recognize the negative character of humor

itself? perhaps it has a funny side effect: while shutting off those censored thoughts, our censors

also shut off thoughts about themselves-and make themselves invisible.

This solves Freud's problem about nonsense iokes. The taboos that grow within social com-

munities can be learned only from other people. But when it comes to intellectual mistakes' a

child needs no helpful friend to scold it when a tower falls, when it puts a spoon in its ear, or

thinks a thought that sets its mind into a fruitless and confusing loop. In other words, we can

detect many of o,tt own intellectual failures all by ourselves. Freud's theorv of iokes was based

on the idea that censors suppress thoughts that would be considered "naughty" by those to

whom we are attached. He must simply have overlooked the fact that ineffectual reasoning is

equally "naughty"-2nd therefore equally "funny"-in the sense that it, too, ought to be

suppressed. Thete is no need for our censors to distinguish between social incompetence and

intellectual stupidity.
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27.7 I.AUGHTER

What would a Martian visitor think to see a human being laugh? It must look truly horrible:
the sight of furious gestures, flailing limbs, and thorax heavfng in frenzied contortions. The air
is torn with dreadful sounds as though, all at once, that person wheezes, barks, and chokes to
death' The face contorts in grimaces that mix smil.r rnd yawns with snarls and frowns. What
could cause such a frightful seizure? Our theory suggests a simple answer:

The function of laughing is to disrupt another person's reasoning!

To see and hear a person laugh creates such chaos in the mind that you can't proceed along
your present train of thought. Derision makes you feel ridiculous; it prevents yol from "being
serious." what happens then? our theory has a second part:

Laughter focuses attention on the present state of mind!

Laughter seems to freeze one's present state of mind in its tracks and hold it up to ridicule.
All further reasoning is disrupted, and only the joke-thought remains in sharp focus. What is
the function of this petrifying effect?

By preventing you from "taking seriously" your present thought, and thus proceed-
ing to develop it, laughter gives you time to build d censor against that state of
mind.

In order to construct or improve a censor, you must retain your records of the recent states
of mind that made you think the censored thought. This takes some time, during which your
short-term memories are fully occupied-and that will naturally disrupt whichev"er other pro-
cesses might try to change those memories.

How could all this have evolved? Like smiling, laughter has a curious ambiguity, combining
elements of affection and conciliation with elements of reiection and rggr"riion. Perhaps al1
these ancestral means of social communication became fused to compoi" 

" 
single, absolutely

irresistible way to make another person cease an activity regarded as objlctionable or ridiculous.
If so, it is no accident that so many iokes mix elements of pleasure, cruelty, sexuality, aggres-
sion, and absurdity. Humor must have grown along with our abilities to criticize o,rrr.lu.r,
starting with simple internal suppressors that evolved into more sophisticated censors. Perhaps
they then split off into B-brain layers that became increasingly able to predict and manipulate
what the older A-brains were about to do. At this point, our ancestors must have staried to
experience what humanists call "conscience. " For the first time, animals could start to reflect
upon their own mental activities and evaluate their purposes, plans, and goals. This endowed
us with great new mental powers but, at the same time, exposed us to new and different kinds
of conceptual mistakes and inefficiencies.

Our humor-agencies become internalized in adult life as we learn to produce the same effects
entirely inside our own minds. We no longer need the ridicule of those other people, once we
can make ourselves ashamed by laughing silently at our own mistakes.
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27.8 GOOD HUMOR

Some readers might object that the censor-learning theory of iokes is too narrow to be an

explanation of humor in general. What of all the other roles that humor plays in occasions of

"nloy*"nt 
and companionship? Our answer is the same as usual: we can't expect any single,

simple theory to explain adult psychology. To ask how humor works in a grown-up person is to

askio* everything works in a grown-up person, since humor gets involved with so many other

things. I didn't mean to suggest that every aspect of humor is involved in making censors learn.

When humor evolved, 
"r 

*h..t any other mechanism develops in biology, it must have been

built upon other mechanisms that already existed, and embodied mixtures of those other

functions. |ust as the voice is used for many social purposes, the mechanisms involved in

humor are also used for other effects that are less involved with memory. In later life the effect

of "functional autonomy" can make it hard to recognize the original function not only of

humor, but of many other aspects of adult psychology. To understand how feelings work, we

need to understand both their evolutionary and their individual histories.

We've seen how important it is for us to learn about mistakes. To keep from making old

mistakes ourselves, we learn about them from our families and friends. But a peculiar problem

arises when we tell another person that something is wrong, for if this is interpreted as an

expression of disapproval and rejection, it can evoke a sense of pain and loss-and lead to

wilhdrawal and avoidance. Accordingly, to point out mistakes to someone whose loyalty and

love we want to keep, we must adopt some pleasant or conciliatory form. Thus humor has

evolved its graciously disarming ways to do its basically distasteful iob! You don't want the

recipient to rkill the messenger who brings bad new5"-s5pscially when you're the messenger.

M"ny people seem genuinely surprised when shown that humor is so concerned with un-

pleasant,-painful, and disgusting subjects. In a certain sense, there's really nothing humorous

about *oit jokes-except, perhaps, in the skill and subtlety with which their dreadful content

is disguised; frequently, the thought itself is little more than "See what happened to somebody

else; ior, dren't you glad it wasn't yor.t?" In this sense most f okes are not actually frivolous at

all but reflect the most serious of concerns. Why, by the wdy, are jokes usually less funny when

heard again? Because the censors learn some more each time and prepare to act more quickly

and effectively.
Why, then, do certain kinds of jokes, particularly those about forbidden sexual subiects, seem

to remain persistently funny to so many people? Why do those censors remain unchanged for

so long? Here we can reuse our explanation of the prolonged persistence of attachment, infat-

uation, sexuality, and mournin g-grief; because these areas relate to self-ideals, their memories,

once formed, are slow to change. Thus the peculiar robustness of sexual humor may mean

only that the censors of human sexuality are among the "slow learners" of the mind, like

retarded children. In fact, we could argue that they literally ore retarded children-that is, they

are among the frozen remnants of our earlier selves.
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CHAPTER 2E

THE MIND AND
THE I^IORLD

FLUX

Each event is quite unique.
Nothing ever happens twice.
What occurs wiII not recur.
There can be no second time.

Even gedr teeth will have changes
by the time they mesh again.
Though they seem to stay the same,
hard things slowly wedr dwdy.

As for softer things, they move,
varying in shape and place
and in memory and hope
tw enty -seven thousand day s.

Still I keep a single ndme
Iabeling a twinkling sea
though it is ten billion wdves
that are constituting me.
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28.I THE MYTH OF MENTAT ENERGY

Why do angry people act as though some measure of aggression must be spent and, when no

prop.i obieciliei itr r.""h, strike out and damage harmless things? It almost seems as though

bui feelings can accumulate like fluids bottled up inside. In earlier times, some scientists

identified th"r. quantities with substances like bile and blood. No one believes those theories

now-yet still we often speak of having mental energy and momentum or of succumbing to

depletion or inertia. Do 'lmental quantities" really exist within the mind? If so, how are they

-"d" and stored, brought forth and then spent? And what are their relations to the quantities

and magnitudes *. ,"rd about in technical books? The answer is that words like "energy" and

"force" ire not used with much precision in everyday psychology. They still have the connota-

tions that they carried several centuries ago, when they referred to commonsense ideas about

vitality. Then, "energy" referred to vigor of action and expression, and "force" referred to the

binding strength of a commitment or to the fighting strength of an army.

Modirn scientists use a concept of energy that, though narrower and more precise, not only

explains more perfectly why engines stop when they run out of fuel, but also applies to our

bodies as well: each of the cells of which we're made, including those inside the brain, requires

some chemical energy in the form of food and oxygen. Accordingly, the body as a whole can

do only a limited amount of physical work before it needs another meal. Now many people

naively assume that our higherJevel mental processes have similar requirements and that they

need some second form of fuel-a mythical form of mental energy-to keep from becoming

bored or mentally exhausted. And yet that simply isn't true! If each of Builder's agents has

physical energy enough to do its work, then Builder-as an agency-needs nothing more to do

its-work. Buitder. after all, is but a name for a certain assembly of agents. It can't require

anything its separate agents do not need.

Machines and brains require ordinary energy to do their iobs-ond need no other,

mental forms of energy. Causality is quite enough to keep them working toward

their goals.

But if our higher-level processes require no extra quantities like fuels or energies, what makes

it seem to us as though they do? Why do so many people talk about their "levels of mental or

emotional energy"? Why do tedious and boring occupations make us feel "run down"? We all

experience so many such phenomena that we cannot help thinking our minds depend on many

kinds of "mental quantities"-yet scientists apparently have shown that no such quantities

exist. How can we explain this? It is not enough to say, simply, that these phenomena are

illusions; we must understand why the illusions appear and, if possible, determine what func-

tions they serve. The next few sections show how various illusions of mental force and energy

evolve as convenient ways for mental agencies to regulate their transactions, much as many

human communities have discovered how to use money.

T H E  M I N D  A N D  T H E  W O R T D 283



28.2 MAGNITUDE AND MARKETPI.ACE

How can a hurt be canceled by a kiss? How can an insult "add" to injury? Why do we so often
speak as though our wishes and desires were like forces, which increase one another's effects
when they're aligned but cancel out when they're opposed? I'll argue that this is because, at
every moment of our lives, we're forced to choose between alternatives we can't compare.
Suppose, for example, that you must choose between two homes: one of them offers a moun-
tain view; the other is closer to where you work. It really is a strange idea that two such
unrelated things as nearness to work and beautiful scenery could be Jo-p"r.d at all. But a
person could instead assess that pleasant, restful view as worth a certain amount of travel time.
Instead of comparing the items themselves, you could simply compare how much time they
seem to be worth.

We turn to using quantities when we can't compare the qualities of things.

This waY, for better or for worse, we often assign some magnitude or price to each alternative.
That tactic helps to simplify our lives so much that virtually every social community works out
its own communal measure-schemes-let's call them currencies-that let its p"opi" work and
trade in harmoly, even though each individual has somewhat different perional goals. The
establishment of a currency can foster both competition and cooperation by providing us with
peaceful ways to divide and apportion the things we have to share.

But who can set prices on things like time or measure the values of comfort and love? What
makes our mental marketplaces work so well when emotional states seem so hard to compare?
One reason is that no matter how different those mental conditions seem, they must ail lom-
pete for certain limited resources-such as space, time, and energy-and thlse, to a rather
large extent, are virtually interchangeable. Foi example, you'd 

""d "p 
with essentially the same

result whether you measure things in terms of food or time-because it takes time to find food,
and each amount of food helps you survive for some amount of time. Thus the value we place
on each commodity constrains, to some extent, the values we'll assign to many other kinds of
goods. Because there are so many such constraints, once a community sets up a currency, that
currency takes on a life of its own, and soon we start to treat our "wealth" ai though it were a
genuine commodity, a real substance that we can use, save, lend, or waste.

In a similar way, a group of agencies inside the brain could exploit some "amount" to keep
account of their transactions with one another. Indeed agencies need such techn-iques even
more than people do, because they are less able to appreciate each other's concerns. But if
agents had to "p^y their way," what might they use for currency? One family of agents might
evolve ways to exploit their common access to some chemical that is available in limiled
quantities; another family of agents might contrive to use a quantity that doesn't actually exist
at all, but whose amount is simply "computed." I suspect that what we call the pleasure of
success may be, in effect, the currency of some such scheme. To the extent that success is
interchangeable with time or food or energy, it's useful to treat pleasure as equivalent to wealth.
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28.3 QT'ANTITY AND QUAIJTY

We've scarcely mentioned at all inside this book the kinds of quantities that could be "mea-

5s1sd"-though surely brain cells use them all the time. For example, it seems quite likely that

many of our agents employ quantitative schemes for summarizing evidence or establishing the

strengths of connections. But I have said little about such matters because I suspect that such
matters play diminished roles, the more we move toward higher-level operations of the mind.
This is because whenever we're forced to compare magnitudes, we have to pay a heavy price: it

tends to terminate what we call "thinking. "

Whenever we turn to measurements, we forfeit some uses of intellect. Currencies
and magnitudes help us make comparisons only by concealing the differences

dmong what they purport to represent.

By their nature, quantitative descriptions are so one-dimensional and featureless that they
cannot help but conceal the structures that give rise to them. This is inescapable, since any act
that makes two different things comparable must do it by deflecting our attention from their
differences. Numbers themselves are the greatest masters of disguise because they perfectly

conceal all traces of their origins. Add five and eight to make thirteen, and tell that answer to a
friend: thirteen will be all your friend can know, since no amount of ingenious thought can
ever show that it came from adding five and eightt It's much the same inside the head: quanti-

tative f udgments help us make decisions only by keeping us from thinking too much about the
actual evidence.

No matter that such judgments have faults; you often have no choice but to choose. This
happens when you can't stay where you are and must turn either right or left. Somewhere in
some agencies, alternatives must be compared-and sometimes one can find no way except by
using currencies. Then, various agents in your brain may turn to whatever quantities-chemi-

cal, electrical, or whatever-that happen to be available. Atty substance or quantity whose
availability is limited can be made to serve as a currency. But when we make our theories about
how such systems work, we simply must remember not to make the easy mistake of confusing
those quantities with their adopted functions and thus, for example, believing that certain drugs
are inherently "stimulating" or "depressing," or that certain foodstuffs are inherently more
"natural ," o, more "healthy." Most of the properties of a currency are not inherent-but
merely conventional.

In any case, we should never assume that the quality or character of a thought process
depends directly on the nature of the circumstances that evoke it. There is no quality of
"sweetness" inherent in sugar itself, which is a mere chemical. Its quality of sweetness is, in
effect, a currency involved with certain agencies that are connected to sensors that detect the
presence of sugar. Those agencies evolved that way because whenever we have hunger goals,
it pays to recognize the taste of sugar as a "sign of success"-5is1ply because sugar itself supplies
energy, is easy to detect, and usually indicates the presence of other edible sources of nutrition.
Similarly, inside our brains, many agencies have come to influence one another by controlling
the amounts of various chemicals in much the way that many kinds of human transactions
have come to use substances like candy, coins, or bags of salt-or banknotes backed by promises.
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28.4 MIND OVER MATTER

It seems completely natural to us that we should feel pain when we're injured or hunger
when we're deprived of food. Such feelings seem to us to be inherent in those predicam.rrtr.
Then why doesn't a car feel pain when its tire is punctured or feel hungry when its fuel runs
low? The answer is that pain and hunger are nof inherent in being iniured or starve d,: such
feelings must be "engineered." These physical circumstances do not Jirectly produce the states
of mind they arouse; on the contrary, this depends upon intricate networks of agencies and
nerve-bundles that took millions of years to evolve. We have no conscious senr" tf that ma-
chinery. When your skin is touched, it seems as though it were your sftin that feels-and not
your brain-because you're unaware of everything that happens in between.

In order for hunger to keep us fed, it must engage some agency that gives priority to food-
acquiring goals. But unless such signals came before our fuel reserves were entiiely gone, they'd
arrive too late to have any use. This is why feeling hungry or tired is not the same as being
genuinely starved or exhausted. To serve as useful "warning signs," feelings like pain and
hunger must be engineered not simply to indicate dangerous condiiions, but ti anticifate them
and warn us before too much damage is done.

But what about the feelings of depression and discouragement we get when stuck at boring
iobs or with problems we cannot solve? Such feelings resemble those that accompany physical
fatigue, but they do not signify genuine depletions because they often easily t.rporrd to changes
of context, interest, and schedule. Nevertheless, the similarity would be no accident, for proU-
ably those feelings arise because our higherlevel brain centers have evolved connections that
exploit our ancient fuel-exhaustion warning systems. After all, the unproductive use of time is
virtually equivalent to wasting hard-earned energy!

Now what about those incidents in which some person seems to go beyond what we supposed
were the normal bounds of endurance, strength, or tolerance of pain? We like to believe this
demonstrates that the force of will can overrule the physical laws that govern the world. But a
person's ability to persist in circumstances we hadn't thought were tolerable need not indicate
anything supernatural. Since our feelings of pain, depression, exhaustion, and discouragement
are themselves mere products of our minds' activities-and ones that are engineered tt warn
us before we reach our ultimate limits-we need no extraordinary power of mind over matter
to overcome them. It is merely a matter of finding ways to rearrange our priorities.

In any case, what hurts-and even what is "felt" at all-may, in the end, be more dependent
upon culture than biology. Ask anyone who runs a marathon, or ask your favorite Amazon.
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28.5 THE MIND AND THE ITVORLD

We spend our lives in several realms. The first is the ordinary physical world of "objects" that
exist in space and time. Objects obey simple laws. When any object moves or changes, we can
usually account for it in terms of other objects pushing it, or else of gravity or wind. We also
live in a social realm of persons, families, and companies; those entities appear to be ruled by
quite different kinds of causes and laws. Whenever a person moves or changes, we look for

signs of intentions, ambitions, infatuations, promises, threats, and the like-none of which

could affect a brick. We also live in a psychological realm-inhabited by entities we call by

names like "meanings," "ideas," and "memories." These, too, appear to obey different rules.

The causes in the physical realm seem terribly different from those that work in the social

and psychological realms-so different that they seem to belong to different worlds.

Physlcal Realm Mental Realm

In some respects our bodies act exactly like ordinary objects: they have shapes we can see

and touch, and they have locations that change when we're dropped or pushed. Yet in other

ways, our bodies act quite differently from other things, and this aPpears to be because of

minds. But what on earth are minds? For ages people have wondered about the relationship

between the mind and body; some philosophers became so desperate as to suggest that only the

mental world is real and the real world is merely an illusion. (That idea just makes the problem

worse, because it can't even explain why there seems to be a physical world.) Most thinkers

have ended up with images that portray two different kinds of worlds, one of matter and one of

mind, somehow connected by mysterious threads of spiritual causality, somewhat like the films

and tendrils formed when sticky stuff is pulled apart. Certain modern physicists have even

speculated that these connections are somehow involved with the "uncertainty principle" in

physics, perhaps because that problem also confounds their usual conceptions of causality. I

i"" no merit in such ideas because as far as I'm concerned, the so-called problem of body and

mind does not hold any mystery:

Minds are simply what brains do.

Whenever we speak about a mind, we're speaking of the processes that carry our brains from

state to state. And this is what makes minds appear to us so separate from their physical

embodiments: it is because concerns about minds are really concerns with relationships between

states-and this has virtually nothing to do with the natures of the states themselves. This is

why we can understand how a society of agents like Builder will work without knowing the
physical constitution of its agents: what happens depends only on how each agent changes its

state in response to its previous state and those of the other agents that connect to it. Other
than that, it does not matter in the least what are the individual agents'colors, sizes, shapes, or

any other properties that we could sense. So naturally minds seem detached from physical

existence. It doesn't matter what agents are;it only matters what they do-and what they are
connected to.
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28.6 MINDS AND MACHINES

Why does a mind seem so unlike any other kind of thing? First, as we iust said, minds dren't
things-at least they share none of the usual properties of things, like colors, sizes, shapes, or
weights. Minds lie beyond the reach of the senses of sound, touch, sight, smell, and tasie. yet
though minds aren't things at all, they certainly have vital links to the things we call brains.
What is the nature of those bonds? Are minds peculiar entities, possessed alone by brains like
ours? Or could those qualities of minds be shared, to various degrees, by everyihingZ Now,
when we said, "Minds are simply what brains do," that should have made us ask as *el'i, "Daes
every other kind of process also have a conesponding kind of mind?" This could lead to an
argument. One side might insist that this is merely a matter of degree, because people have
well-developed minds while bricks or stones have almost none. Anoiher side mighi tri to draw
a sharper boundary, arguing that only people can have minds-and, maybe, certain animals.
Which side is right? This isn't a matter of wrong or right, since the issue is-not about a fact, but
only about when it's wise to use a certain word. Those who wish to reserve the label "mindi'for
only certain processes are obliged to specify which processes deserve that name. Those who
claim that every kind of process has a corresponding type of mind are obliged to classify all
minds and processes. The trouble with this is that we don't yet have adequati ways to classify
processes.

Why are Processes so hard to classify? In earlier times, we could usually ludge machines and
processes by how they transformed raw materials into finished products. But ii makes no sense
to speak of brains as though they manufacture thoughts the way factories make cars. The
difference is that brains :use processes that change tiemselves-and this means we cannot
separate such processes from the products they produce. In particular, brains make memories,
which change the ways we'll subsequently think The principal activities of brains (ne making
changes in themselves. Because the whole idea of self-modifying processe, i, ,r"* to our expe-
rience, we cannot yet trust our commonsense judgments about iuch matters.

As for brain science, no one ever before tried to study machines with billions of working
parts. That would be difficult enough, even if we knew exactly how every part worked, and our
present-day technology does not yet allow us to study the biain cells oi irigtr"r animals while
they're actually working and learning. This is partly because those cells 

"r.."*tr"mely 
small and

sensitive to injury, and partly because they are so crowded together that we have ntt yet b".,
able to map out their interconnections.

These problems will all be solved once we have better instruments and better theories. In the
meantime, the hardest problems we have to face do not come from philosophical questions
about whether brains are machines or not. There is not the slightest reason to doubt that brains
are anything other than machines with enormous numbers of parts that work in perfect accord
with physical laws. As far as anyone can tell, our minds 

"r. 

--.r.ly 
complex processes. The

serious problems come from our having had so little experience wiih ,rr""hirr.i of such com-
plexity that we are not yet prepared to think effectively about them.
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28.7 INDTVIDUAT IDENTITIES

Suppose I had once borrowed your boat and, secretly, replaced each board with a similar but
different one. Then, later, when I brought it back, did I return your boat to you? What kind of
question is that? It's really not about boats at all, but about what people mean by "same." For
"same" is never absolute but always a matter of degree. If I had merely changed one plank,
we'd all agree that it 's stil l yourboat-but after allits parts are changed, we're not so sure of its
identity. In any case, we do not doubt that the second boat will behave in much the same way
-to the extent that all those substituted boards are suitably equivalent.

What has this to do with brains? Well, now suppose that we could replace each of your brain
cells with a specially designed computer chip that performs the same functions, and then
suppose that we interconnect these devices iust as your brain cells are connected. If we put it
in the same environment, this new machine would reproduce the same processes as those
within your brain. Would that new machine be the sdme as you? Again, the real question is not
what we mean by "you," but what we mean by "same." There isn't any reason to doubt that
the substitute machine would think and feel the same kinds of thoughts and feelings that you
do-since it embodies all the same processes and memories. Indeed, it would surely be disposed
to declare, with all your own intensity, that it ls you. Would that machine be right or wrong?
As far as I can see, this, too, is merely a matter of words. A mind is a way in which each state
gives rise to the state that follows it. If that new machine had a suitable body and were placed
in a similar environment, its sequence of thoughts would be essentially the same as yours-
since its mental states would be equivalent to yours.

Modifying or replacing the physical parts of a brain will not affect the mind it
embodies, unless this alters the successlons of states in that brain.

You might object to this idea about duplicating minds on the grounds that it would never be
practical to duplicate enough details. You could argue the same about that borrowed boat: no
mattpr how carefully a carpenter were to copy every board, there would always remain some
differences. This plank would be a little too stiff, that one would be a little too weak, and no
two of them would bend in exactly the same way.The copied boat would never be precisely the
same-even though you might need a microscope to see the differences. For similar reasons,
it would be impractical to duplicate, with absolute fidelity, all the interactions in a brain. For
example, our brain cells are all immersed in a liquid that conducts electricity, which means
that every cell has at least a small effect on every other cell. If we tried to imitate your brain
with a network of computer chips, many of those tiny interactions would be left out.

Can you then boast that your duplicated brain-machine would not have the same mind as
yours because its computer chips don't work exactly like the brain cells they purport to replace?
No; you'd get more than you bargained for if you argued that the new machine was not the
same as you, merely because of microscopic differences. Consider that as you age, you're never
the same as a moment ago. If such small differences matter that much, this would prove that
you yourself are not the same as you.
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28.8 OVERI.APPING MINDS

Consider the popular idea that a person is capable
brain" kind and a "left brain" kind-as though there
human brain. This raises some odd questions, since
nary boundaries through brains.

of two kinds of thinking at once-a "right
were two different individuals inside each
there are many other ways to draw imagi-

If you agree that each person has both a left-brain mind and right-brain mind, then you must
also agree that each person also has a front-brain mind and a back-brain mind! Can a single
large mind contain so many smaller ones, with overlapping boundaries? It makes sense to think
of part of a structure as being a "thing" in its own right only when the relationships among parts
of that structure have some significant type of coherency. Before you'd say that a certain
arbitrary section of brain contains a mind, you'd want to have some evidence that what happens
inside that boundary is something you would consider to be a mind.

The less another entity resembles you, the less it means for you to say that it, l ike you, must
have a mind. Do our very smallest agencies have minds? No, because it would make no more
sense to say this than to say that two trees form a forest or that two bricks form a wall. But there
are indeed some agencies inside our brains that do have humanlike abilities to solve, by them-
selves, some types of problems that we regard as hard. For example, your agencies for locomo-
tion, vision, and language may contain within their boundaries some processes that are quite
as intricate as those "you" use for your own conscious thought. Possibly, some of those pro-
cesses are actually more "conscious" than you are yourself, in the sense that they maintain and
use even more complete records of their own internal activities. Yet what happens in those
agencies is so sealed off that you have no direct experience of how "yo.r" distinguish a cat from
a dog, retrace "your" last few steps, or listen and talk without knowing how "yo,r" do it.

All this suggests that it can make sense to think there exists, inside your brain, a society of
different minds. Like members of a family, the different minds can work together to help each
other, each still having its own mental experiences that the others never know about. Several
such agencies could have many agents in common, yet stil l have no more sense of each other's
interior activities than do people whose apartments share opposite sides of the same walls. Like
tenants in a rooming house, the processes that share your brain need not share one another's
mental lives.

If each of us contains several such mini-minds, could any special exercise help put them all
"in closer touch"? Certainly there are ways to become selectively aware of processes that are
usually not conscious at all. But becoming aware of everything that happens in brains would
leave no room for thought. And the reports of those who claim to have developed such skills
seem singularly uninformative. If anything, they demonstrate that it 's even harder than we
think to penetrate those unresisting barriers.

R I  G H T
B R A I N

L  E F T
B R A I N

R E A R
B R A I N
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CHAPTER 29

THE REATMS OF
THOUGHT

"Elsewhere" is another view-possibly from philosophy-
or other "elsewheres" ds well, since the views of man are

multiple. Each view has its own questions. Separate views
speak mostly past each other. Occasionally, of course, they

speak to the sdme issue and then comparison is possible, but
not often and not on demand.
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29.I THE REATMS OF THOUGHT

Our view of the body and the mind as separate entities is only one example of our many ways
to view the world as divided into different realms. Imagine that a committee were commissioned
to write down everything about the universe in a perfectly organized book.

This suggests how people think abaut
the world. The "pages" represent our
physical, personal, and psychological
conceptions, while the lines on each
page correspond to the levels of detail
that are distinguished in each realm.

Why do the gaps between the lines seem smaller than those that separate the pages? It is
because we better understand what happens in between. We understand how walls relate to
bricks because they represent closely related "levels of organization." Similarly, we understand
the relation between houses and walls. But it would be hard to cross the gap between houses
and bricks without having enough intermediate concepts such as that of a wall. It simply isn't
practical to think of the place where someone lives as a network of relationships among a
million boards and bricks.

It's much the same in other realms; we need to be able to describe things at many levels of
detail. We all belong to families or companies, and sometimes we can think of each group as
"nothing but" a network of agreements and relationships. But when we need a larger view, as
when thinking about the politics of an entire country, we cannot think effectively without
regarding entire families or companies as though they were single objects in a different realm.
The same applies to how we think about our minds. Even if you knew all the details of each
little agent in your brain, your higher-level processes would stil l need coarser summaries.

Why is it easier to understand how walls relate to bricks, or families to individuals, than to
understand how thoughts relate to things? It's not because there's any single mystery. It is
because the level gap between walls and bricks is really much smaller than that between minds
and brain cells. Suppose we actually had that wonderful encyclopedia of "all possible knowl-
edge," arranged according to the nearness of topics. There we'd find the essays on walls quite
close to those about bricks. But the sections that cover the nature of thouehts would lie volumes
away from the ones on the nature of things.
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29.2 SE\IERAL THOUGHTS AT ONCE

To see that we can think in several mental realms at once, consider the role of the word
"give" in this simple sentence:

Mary gives lack the kite.

We can see at least three distinct meanings here. First, we could represent the idea of the
kite's motion through physical space by using a Trans-frame who se Traiectory begins at Mary's
hand and ends at )ack's.

r \
Origin

\ )

/ \ 6"rtt)
gtio!,

Trajec-):...,.,
lorv f ".'.'

\ - - ' r - l

Mary's hand The kite Jack's hand

But quite beyond that realm of space, we also find a different significance in what Mary did
-in another realm that we'll call "estates." This involves a different sense of "give," in which
the object need not actually move at all! Instead, what happens is the transfer of its ownership.

a\
Origin

\ - /

/ \ /5"rti)

gio,v-'7
Mary's estate The kite's ownership Jack's-estate

Each of us has an "s5[a[s"-the collection of possessions we control. And this "realm of
estate" is more important than it might seem, because it lies between the realms of objects and
ideas. In order to carry out our plans, it is not enough only to know what things or ideas are
required and how to adapt them to our purposes. We must also be able to take possession of
those obiects or ideas, either by right or by might.

Possession plays essential roles in all our plans, because we cdn't use dny materials,
tools, or ideas until we gain control of them.

We can also interpret Mary's act within a social realm, in which we understand that giving
gifts involves yet other kinds of relationships. No sooner do you hear of Mary's gift than certain
parts of your mind become concerned with why she was so generous and how this involved her
affections and obligations.

r \
Origin

\ /

/ \ 6".ti)
f,ioy

Trajec-
tn  r r r

\ , /
lositiondis Mary's dispositMary'5 ton

How can so many different thoughts proceed at the same time, without interfering with one
another? I suspect that it is for the same reason that we have no trouble imagining an apple as
both round and red at the same time: in that case, the processes for color and shape use agents
that do not compete. Similarly, the different processes involved with ideas like "give" may
operate in agencies so different that they rarely need to compete for the same resources.
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29.3 PARANOMES

What enables us to comprehend "Ma ry gives lack the kite" in so many ways at once? Differelnt
meanings don't conflict when they apply to separate realms-but that can't be quite what's
happening here, since the physical, social, and mental realms are closely linked in many ways.
So now I'l l argue iust the opposite, that these meanings are so similar they don't conflict! Here
is my hypothesis about what holds together all these aspects of our thoughts:

Many of our higher level conceptual-frames are really parallel drrdys of analogous
frames, each actiye in a different realm.

Consider all the different roles played by the Actor pronome of our sentence. In the physical
1ealm, the Orlgin of give rs Mary's hand. In the possessional realm of "give and take,'; that
Origin is in Mary's estate-since Mary can only give ]ack what she owns. Similarly, in the
physical realm, it is the kite itself that moves from Mary's hand to |ack's; however, in the realm
of estates, the kite's ownership is what "changes hands."

PHYSICAL

POSSESSIONAL

PSYCHOLOGICAL

superpolynemes
for activa.ting

memortes

superisonomes
for controlling

level-bands

superpronomes
for controlling

frame-terminals

This suggests that certain pronomes can operate in several different realms at once. Let's call
them "paranomes" to emphasize their parallel activities. When the language-agency activates
some polynemes and paranomes, these agents run crosswise through the agencies of various
realms to arouse several processes and frames at the same time; these 

"ott"ipond 
to different

interpretations, in different realms, of the same phrase or sentence. Then, because each maior
agency contains its own memory-control system, the agencies within each realm can simulta-
neously apply their own methods for dealing with the corresponding aspect of the common
topic of concern. In this way, a single language-phrase can at the same time evoke different
processes involved with social dispositions, spatial images, poetical fancies, musical themes,
mathematical structures-or any other assortment of types of thought that don't interfere too
much with one another.

This is not to say that all these different modes of thought will proceed independently of one
another. Whenever any process gains momentary control over a paranome, many otirer pro-
cesses can be affected. For example, one agency's memory-control process might thus cause
the agencies in several other realms simultaneously to "blink" on and off their Origin and
Destination paranomes. This would force the agencies active in each of those realms to focus
upon whichever types of differences they then discern; then, in between such episodes, each
agency can apply its own way of thinking to the corresponding topic, difference, or relationship.
By using these cross-connecting polynemes and paranomes, the activity in each realm can
proceed sometimes independently, yet at other times influence and be affected by what h"p-
pens in the other realms.
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29.4 CROSS.REAIM CORRESPONDENCES

We often describe the things we like as "elevotedi"'lofty," or "hedvenly." Why do we see

such things in terms of altitude in space? We often speak of time itself in spatial terms, as

though thi future were "ahead" of us while the past remains behind. We think of problems as

"obstlacles" to go around and turn to using diagrams to represent things that don't have shapes

at all. What enables us to turn so many skills to so many other purposes? These tendencies

reflect the systematic "cross-realm correspondences" embodied in our families of polynemes

and paranomes.

At each instant, seyeral realms may be engaged in active processing. Each has

seporate processes but must compete for control of the ascending nemes that lead

into the language-dgency. Which polyneme will ploy the role of Origin in the next

sentence-frame? WiIl it be Mary's physical drm or hand, or Mory's social role as
party guest? It sometimes seems as though the language-dgency can focus on only

one realm at a time.

This could be one reason why language scientists find it hard to classify the roles words play

in sentence-frames. No sooner does a language-agency assign some polynemes and isonomes

to a phrase than various mind divisions proceed to alter how they're used inside each different

realm. Every shift of control from one realm to another affects which particular nemes will be

next to influence the language-agency. This causes moment-to-moment changes in the appar-

ent meaning of a phrase.

At one moment, control over langudge may reside in the realm of thought that is
working most successfully; at the next moment, it may be the one experiencing the
most difficulty. Each shift in attention affects how the various expressions will be
interpreted, and this in turn can affect which realm will next take center stage.

For example, the sentence "Mary gives lack the kite" might start by arousing a listener's
concern with Mary's social role as party guest. That would cause the pronomes of a social-
frame to represent Mary's obligation to bring a present. But then the listener's possession realm
might become concerned with Mary's ownership of that gift or with how she got control of it.

This shift from social to possessional concern could then affect the processing of future sen-
tences. For example, it will influence whether a phrase like "fack's kite" is interpreted to refer
to the kite that Jack happens to be holding or to a different kite that fack happens to own.

Every mental realm accumulates its own abilities but also discovers, from time to time, how
to exploit the skills of other realms. Thus the mind as a whole can learn to exploit the frames
developed in the realm of space both for representing events in time and for thinking about
social relationships. Perhaps our chaining skills are the best example of this; no matter which
realm or realms they originate in, we eventually learn to apply them to any collection of entities,
events, or ideas (in any realm whatever) that we can arrange into sequences. Then chains
assume their myriad forms, such as spatial order, psychological causality, or social dominance.
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29.5 THE PROBTEM OF UNITY

What makes our minds form many separate mental realms, instead of attempting, as scientists
do, to see all aspects of the world in a unified way? Because, at least in everyd"y lif", the latter
simply isn't practical. Consider how different the rules are within the physical and social realms.
If you want your furniture inside a different room, you normally would push it there. But when
you want to move your party guests, it would be rude to push them there. Contrast the
principles of physics and geometry with those we use in the social realm. In the physical realm,
the rules seem very orderly:

-- A stationdry obiect stays where it is unless another obiect pushes it.
--- A moving obiect continues in its course until some external force makes it stop.
---- AII unsupported obiects start to faII.
----- No two things cdn occupy the same location.
----- Etc.

These principles seem clear to us-but infants cannot appreciate them until they've built up
ways to represent ingredients like "thing," "shape," "place," "move," and "near." It takes each
child many years to develop these abilities.

Our comprehensions of social acts are based on different principles. When an ordinary obf ect
moves around, we usually see an obvious cause; most likely, another object pushed it. But
when we see a person move, we rarely see the cause at all-because it's buried in a brain. In
predicting how a person will react to an expression or gesture, we have little use for physical
properties like color, shape, or place. Instead, we employ almost entirely different conceptions.
To guess the outcome of a social interaction, we have to be able to represent each person's
mental state-and to do that, we must develop concepts about traits, dispositions, motives, and
plans. The concepts that serve so well for physical objects are of little help within the social
realm-and vice yersa.

When normal children start to talk, among the early aspects of their speech are words that
distinguish animate things. Frequently, a child will use a single expression for all kinds of
animals, and for everything else that can move by itself-for example, an automobile. Accord-
ing to our view of things, this surely is no accident.

To adults, the laws that govern the physical world seem simpler and more orderly than those
that apply to human events. Does this mean that for infants, too, it should be easier first to
master the physical world and later to proceed toward social and psychological understanding?
No. Paradoxically, the social realm is initially the easier! Imagine that an infant wants a certain
toy and that there's a sympathetic person near. The easiest thing is to make d requesf-that is,
a gesture, smile, or cry-and this will probably achieve the goal. It would be far more difficult
for the infant to coordinate all the complicated machinery for planning and executing the
trajectory for propelling the object from where it is to where the infant wishes it to be. From
the point of view of a physically helpless infant, the social realm is by far the simpler one.
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29.6 AUTISTIC CHITDREN

Isn't it curious that infants find social goals easier to accomplish than physical goals, while

adults find the social goals more difficult? One way to explain this is to say that the presence of

hetpful people simplifies the infant's social world-since because of them, simpler actions solve

h"td"t problems. Another explanation might be that the infant's social world is iust as compli-

cated 
"i 

thrt of the adult, extept the presence of helpful people makes the infant's mind more

powerful-by making the agencies inside those other people's brains available for exploitation

ty the agencies in lhe infant's brain. Both explanations are the same, except for drawing

different boundaries.
How do children start on the path toward distinguishing between psychological and physical

relationships? In the appendix ltll suggest that our infant brains are genetically equipped with

machineryfor making it ."ry to learn social signals. But what if that machinery should some-

how fail, io that by 
"h"tt".-or 

by neglect or accident-the realm-divisions never form? Then

all those different kinds of thoughts would fuse together into one-and the child would face

the impossible task of formulating principles that work in all domains. A child that tried to see

the world without dividing it into realms would find no simple rules at all that work across so

large a range.
fnir is why each child must learn different rules for the physical and psychological realms.

But this means that the child must face not merely two formidable problems, but three. In

addition to developing two different sets of concepts, the child must also develop agencies to

m(tn(tge those 
"on""ptr 

by keeping them apart in different agencies, as we saw when we talked

about Papert's principle.
This could explain some aspects of the disorders of the children psychiatrists call "autistic."

These unhappy individuals do not establish effective communication with other people, al-

though they-may acquire some competence at dealing with physical things. No one knows the

"r,:r.r 
of those disorders. Some might begin when certain mental realms do not develop

normally. Other kinds of problems could emerge after those divisions form, if their separateness

were compromised by some too intense attempt to unify them. To be sure, that is what scien-

tists do, but unlike those whom we regard as mentally ill, scientists also manage to maintain

their ordinary views. Once a child is deprived of the normal ways to divide those lsslrn5-ne

matter what the cause of this-that hapless mind is doomed to fail.
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29.7 LIKENESSES AND ANATOGIES

You are a full-spread, fair-set vine,

#i;:;,i::,0,!::l:;',:,,'",::,:Til:'
- R o s s n r  H E R R T c K

We always try to use old memories to recollect how we solved problems in the past. But
nothing's ever twice the same, so recollections rarely match. Then we must force our memories
to fit-so we can see those different things as similar. To do this, we can either modify a
memory or change how we represent the present scene. For example, suppose you need a
hammer but can only find a stone. One way to turn that stone to you, p,rrpbres would be to
make it fit your memory of a hammer's appearance-for example, by making your description
of the stone include an imaginary boundary that divides it into two parts, to serve as handle
and as head. Another way would be to make your hammer frame accept the entire stone as a
hammer without a handle. Either scheme will make the memory match the description, but
both will lead to conflicts in other agencies.

How hard it will be to make such a match depends both on which agents are now active in
your mind and on the levels of their priorities-in short, upon the context already established.
It will be easy for you to see two things as similar when you only need to chang. ,"lrtiu.ly weak
attachments at the conceptual fringes of familiar things. But frequently the eaie of comprehen-
sion will also depend upon how readily you can switch from one mental realm to another.

Consider what mrrst happen in our minds when poets speak about their loves in romantic,
floral terms. We all have learned a certain common way to represent a woman's beauty in terms
of flowers that are prone, alas, to fade. For centuries this formula has been established in our
language and literature; however, at first it must have seemed bizarre. We cannot possibly
match our descriptions of women and flowers if we insist on interpreting such phrases and
poems "literally"-that-is to say, "illiterately"-srlirely within the physical realm of the appear-
ance, composition, and behavior of a typical flower.

To be sure, the colors, symmetries, and smells of flowers can certainly arouse the sorts of
states we associate with things we've come to see as beautiful. But the more essential trick is in
knowing how to turn entirely away from the physical realm and dwell instead upon the images
and fantasies that flowers evoke in other spheres-such as the sense of a thing so sweet and
innocent, so helpless and delicate, that it invites affection, nurture, and protection. Features
like these must be made to fit the listener's private love ideal-only then can the metaphor
match.

This, Herrick's bitter verse defeats. By holding us so tightly to the usual frames for human
shapes, he steers us into fantasies of vegetables with hands and feet.
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29.8 UTETAPHORS

Listen closely to anything anyone says, and soon you'll hear analogies. We speak of time in

terms of space, as likea fluid that's running out;we talk of our friends in physical terms, as in
,,Mary oni Tohn (fie very close." All of our language is riddled and stitched with curious ways of

portraying things as though they belonged to alien realms.

We sometimes call theie "metaphors," our ways to transport thoughts between the Various

mental realms. Some metaphor, ,L"- utterly pedestrian, as when we speak of "taking steps" to

cause or prevent some happening. Other metaphors seem more miraculous, when unexpected

images lead to astonishing i"sights-as when a scientist solves a problem by conceiving of a

fluiJas made of tubes or of awave as an array of overlapping, expanding spheres. When such

conceptions play important roles in our most productive forms of thought, we find it natural to

ask, "Wh at ii a metiphor?" But we rarely notice how frequently we use the same techniques in

ordinary thought.
Whai, then, is a metaphor? It might be easy to agree on functional definitions like "A

metaphor is th.at which allows us to replace one kind of thought with another." But when we ask

for a structural definition of "metaphor," we find no unity, onlv an endless variety of processes

and strategies. Some are simple, as when we make,an analogy by stripping away so many details

that two different objects seem the same. But other forms of metaphor are as complex as can

be. In the end there is little to gain by cloaking them all under the same name "metaphor,"

because there isn't any boundary between metaphorical thought and ordinary thought' No two

things or mental states ever are identical, so every psychological process must employ one

means or another to induce the illusion of sameness. Every thought is to some degree a

metaphor.
Once scientists like Volta and Ampere discovered how to represent electricity in terms of the

pressures and flows of fluids, they could transport much of what they already knew about fluids

io the domain of electricity. Good metaphors are useful because they transport uniframes,

intact, from one world into another. Such cross-realm correspondences can enable us to trans-

port entire families of problems into other realms, in which we can apply to them some already

well-developed skills. However, such correspondences are hard to find since most reformula-

tions merely transform the uniframes of one realm into disorderly accumulations in the other

realm.
From where do we obtain our most productive, systematic, cross-realm correspondences?

Some must be virtually born into our brains through the wiring of our paranomes; other

metaphors we discover by ourselves as individuals; but most of them are learned from other

*.*b"rs of our cultural communities. Finally, from time to time, someone discovers a new

reformulation that is both so fruitful and so easy to explain that it becomes part of the general

culture. Naturally, we'd like to know how the greatest metaphorical discoveries were made. But

because this is buried in the past, the best and rarest of those events ma.v never be explained at

all. Our greatest ideas, like our evolutionaqi genes, need form only once, by accident, and then

can spread from brain to brain.
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CHAPTER 30

MENTAL
MODELS

The world has kept sentimentalities simply because they are the
most practical things in the world. They alone make men do

things. The world does not encourdge a perfectly rational lover,
simply because a perfectly rational lover would never get

married. The world does not encourage a perfectly ratiinal
army, because a perfectly rational army would run ctw(ty.
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30.I KNOTVING

What does "knowing" really mean? Suppose Mary (or some other creature or machine) can

answer certain questions about the world-without the need to do any actual experiments.

Then we'd agree that Mary knows those things about the world. But what would it mean, to

you or to me, to hear lack say that "Mary knows geometry"? For all we know, Mary might

|elieve that circles are square, and it happens that fack agrees! |ack's statement tells us more

about Iack than about Mary.

When lack says, "Mdry knows geometry," this indicates to us that lack would
probably be satisfied by Mary's dnswers to the questions about geometry that he

would be disPosed to ask.

The meaning of "Mary knows geometry" depends on who is saying it. After all, no one knows

everything about geometry; that statement would not mean the same to us as to a mathemati-

cian, *hose conclpts of geometry are different from those of ordinary persons. In the same

way, the meanings of *any other terms depend upon the-speaker's role. Even an apparently

unambiguous statement like "This is a painting of d horse" shares this character: you can be

sure of little more than that it displays a representation that in someone's view resembles a horse

in some respects.
Then ,"hy, when we talk about knowledge, don't we have to say who all those speakers and

observers aie? Because we make assumptions by default. When a stranger says that Mary knows

geometry, w€ simply assume that the speaker would expect any typical person who knows Mary

[o ,gr". iitat she inows geometry. Assumptions like that allow us to communicate; unless there

is some reason to think otherwise, we (tssume that all the things involved are"typical." It does

not bother us that a professional mathematician might not agree that Mary knows geometry-

because a mathematician doesn't fit our stereotype of a "typical person'"
you might maintain that none of this applies to you, since you know what you know about

geometry. But there's stil l an observer on th. scene, only now it is hiding inside your mind-

iam.ly, the portion of "yor" that claims you know geometry. But the part of you that makes

this claim has little in common with the other parts that actu ally do geometry for your those

agencies are probably incapable ,of speech and probably devoid of thoughts about your knowl-

edge and beliefs.
fraturally, we'd all prefer to think of knowledge as morg positive_ and less provisional or

relative. But little gooi has ever come from trying to link what we believe to our ideals about

absolute truths. W! always yearn for certainty,-bu[ the only thing beyond dispute is that there's

,i*"vr room for doubt. And doubt is not an enemy that sets constraints on what we know; the

real danger to mental growth is perfect faith, doubt's antidote'
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30.2 KNOWING AND BETJEVING

{9 9ft9n speak as though we classify our thoughts into different types called facts, opinions,
and beliefs.

"The red obiect is on the table."
"l think the red block is on the table."
"l believe that the red block is on the table."

How do these statements differ from one another? Some philosophers have argued that"knowing" must mean "tnte and iustified betief." However, no one has ever found a test top-rove what's lustified or true. For example, we all know that the sun rises in the mornir r t / r v r  v v v  q r r  A r r \ - / v v  L r r c r L  L l l ( t  ) | ' - t r l  l I S C S  l l l  t l l e  m o f n l n g .

9::"Jqil8,38o, 
some people thought t!i1 was- due to godlike agents in the sky, and that thether ^ J ,  s r l L t  L r r a L  L I I Ss,un's traiector{ was w}e1e Apollo s[ee.ed his chariot. t'oJrf ou, scientists tell us that the sunr r  u J  L r r d . t  L r t L  ) L l l I

*:::ll ::Ill^tjtlil lt: TT":," 
"sunrise" is simply what *" .r"h experience when the planet;;;';'';;ll"d#ffi5ihil;

l h o *  i o - t +  + - , , ^that isn't true.
To comprehend what knowing is, we have to guard ourselves against that single-agent fallacyof thinking that the "r" in "/ beliive" is actually a single, stable thirig. The truih is that a person,smind holds different views in different realms. Th"us, one part of an astronomer's mind canapply the common view of sunrise to down-to-earth affairsl regarding the sun as like a lampthat wakes us up and lights our way. But at the same time, that same astronomer can apply themodern physical view to technical problems in astronomy. We each use many different views,and which we choose to use depends, from one moment to the next, upon the changingbalance of power among ort ng"nii.r.
Then if what we "believe" is so conditional, what makes us feel that our beliefs are muchmore definite than that? It is because whenever we commit ourselves to speakor act, we therebyhave to force ourselves into clear-cut, action-oriented states of mind in which ,most of ourquestions are suppressed' As far as everyday life is concerned, decisiveness is indispensable;otherwise we'd have to act so cautiousty ihai nothing *o,rld get done. And here lies much ofwhat we express with words like "guess," "belieue,; and "know." In the course of makingpractical decisions (and thereby turning off most agencies), we use such words to summ arizeour various varieties of certainty.
The notion that only certain of a person's beliefs are "genuine" plays vital roles in all ourmoral and legal schemes. Whenever we censure or applarriwhat 

"th;r;;ofi. 
ao, we,re taughtto be more concerned with what those other p.opi" "genuinely" expected or intended tohappen than with what actuallv happened. This dbctiine tinderlies ho* we distinguish thought-lessness and forgetfulness from lies, dec.it, and treacherv. I do not mean that such distinctionsare not important, only that they do not iustify the simplistic _assumption that, among all themind's activities, certain special kinds of thorrghts are essentially -or'" 'I.rruirr",, 

than others.All such distinctions seem less absolute when every deeper probe into beliefs reveals moreambiguities.
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30.3 MENTAT MODETS

Does a book know what is written inside it? Clearly, no. Does a book contain knowledge?

Clearly, yes. But how could anything contain knowledge, yet not know it? We've seen how

saying that a person or machine possesses knowledge amounts to saying that som e observer

cotuld employ that person or machine to answer certain kinds of questions. Here is another view

of what it means to know.

"lack knows about A" medns that there is a "model" M of A inside lack's head.

But what does it mean to say that one thing is a model of another and how could one have a

model in one's head? Again, we have to specify some standard or authority. Let's make fack be

the judge of that:

lack considers M to be a good model of A to the extent that he finds M useful for
answering questions about A.

For example, suppose that A is a real automobile, and M is the kind of obiect we call a "toy"

or "model" car. Ttren fack will be able to use M to answer certain questions about A. However,

we would think it strange to say that M is fack's "knowledge" about A-because we reserve the

word "knowledge" for something inside a head, and fack can't keep a toy inside his head. But

we never said that a model -nr[ be an ordinary physical object. Our definition allows a model

to be anything that helps a person answer questions. Accordingly, a person could possess a

"mental model," too-in thelorm of some machinery or subsociety of agents inside the brain.

This provides us with a simple explanation of what we mean by knowledge: lack's knowledge

aboui A is simpty whicheveimentol models, processes, or agencies lack's other agencies cdn use

to answer questions about A. Thus, a person's mental model of a car need not itself resemble

an actual car in any obvious way. It need not itself be heavy, fast, or consume gasoline to be

able to answer q,r"riiorrs about a car like "How heovy is it?" or "How fast can it go?"

Our mental models also work in social realms to answer questions like "Who owns that car?"

or "Who permitted you to park it there?" However, to understand questions like these, we have

to ask what people mean by "who"-snd the answer is that we make mental models of people,

too. In ordei foi Mary to "know" about fack's dispositions, motives, and possessions, Mary has

to build inside her head some structure to help answer those kinds of questions-and that

structure will constitute her mental model of fack. |ust think of all the different things our

person-models do for us! If Mary knows /ack well enough, she'll be able to reply not only to

physical questions like "How tall is lack?" but also to social inquiries such as_"Does he like me?"

and euenio psychological queries like "Wh at are lack's ideols?" Quite possibly, Mary's model of

Jack will be aUie to piod.t"e more accurate answers to such questions than fack himself could

prod,r"e. People's mental models of their friends are often better, in certain respects, than their

mental models of themselves.
We all make models of ourselves and use them to predict which sorts of things we'll later be

disposed to do. Naturally, our models of ourselves will often provide us with wrong answers

because they are not fauitless ways to see ourselves, but merely self-made answering machines.
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30.4 WORTD MODETS

Now let's look at Mary's model of the world. (By "world" I
planet Earth.) This is simply all the structures in Mary's head
answer questions about things in the world.

mean the universe, not iust the
that Mary's agencies can use to

Mary's brain Mary's model of the world

But what if we were to ask Mary a question not about any particular object, but one like
"What sort of thing is the world itself?" That would put Mary in a curious predicament. She
cannot answer this by using her world model, because each part of that model is desigrr.J only
to answer ques.tions about particular things. The trouble is ihat the world itself is nol a fartic-ular thing inside the world.

One way to deal with this (and a method that, surely, many children use) is adding to the
model of the world an additional "obiec1"-that ,"pr.i".,ts the world itself. Then, since any
obiect must have properties, the child might then ,rrign to this the features, say, of an extremely
large ball. Naturally this will lead to trouble should [h"t 

"hild 
persist in arking ordinary ques-

tions about this extra.ordinary obiect-such as "What keeps thi universe ii place?" or,,What,s
outside the univsTss?"-fsr these then lead to strange and inconsistent images. Eventually welearn some ways to deal with this-for example, byiearrring which questions to suppress. Butas in the case of a perfect point, we may always feei uncomflrtable with the thought of a thingtha_t is unimaginably large in size, but has no ,hrp" at all.

When you get right down to it, you can never ieally describe any worldty thing, either-that
is, in any absolute sense. Whatever you purport to iay about a tiring, you're only expressingyour own beliefs. Yet even that gloomy thought r,rgg"rt, 

"n 
insight. E;;r if our models of theworld cannot yield good answers about the worlJir r whole, 

"and 
.u"r, iho,rgr, their otheranswers are frequently Ylong, they can tell us something about ourselves. We can regard whatwe learn about our models of the world as constituting iu, models of our models of the world..

's model of hersetf

Mary's brain Mary's model of the world

model of her
of the world

Mary's
model
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30.5 KNOWING OURSELVES

Now let's ask Mary to describe herself-to tell us everything she can about her shape and
weight and size and strength, her dispositions and her traits, her accomplishments and ambi-
tions, wishes, fears, possessions, and so on. What might be the general character of what we'd
hear? At first it would be hard to assemble any coherent sense of all those details. But gradually
we'd notice that various groups of items were closely related, while others were rarely men-
tioned in connection with one another. Little by little, we would discern structure and organi-
zation in what Mary had said, and finally we'd start to see the outlines of at least two different
mental realms.

Physlcal Realm Mental Realm

Now, what would happen if we asked Mary to speak not about specific things, but about the
general subject of "What kind of entity am l?" Since she has no direct way to examine her

entire self, she can only summarize what she can discover about her mental model of herself.

In doing so, she'll probably find that almost everything she knows appears to lie in two domains,

with relatively little in between. This means that Mary's model of her model of herself will have

crn oyerdtl dumbbell shape, one side of which represents her physical self, the other side of

which represents her psychological self.
Do people go on to make models of their models of their models of themselves? If we kept on

doing things like that, we'd get trapped in an infinite regress. What saves us is that we get

confused and lose track of the distinctions between each model and the next-just as our

language-agencies lose track when they hear about "the rat that the cat that the dog worried

kitted." Th" same thing must happen whenever we ask ourselves questions like "Did lohn know

that I knew thot he knew that I knew that he knew that?" And the same thing happens whenever

we try to probe into our own motivations by continually repeating, "What was my motive for

wanting that?" Eventually, we simply stop and say,"BecduEel simply wanted fo." The same

when we find things hard to decide: we can simply say, "f iust decide," and this can help us

interrupt what otherwise might be an endless chain of reasoning.

M E N T A L  M O D E T S 305



30.6 FREEDOM OF WII.I

We each believe that we possess an Ego, Self, or Final Center of Control, from which we
choose what we shall do at every fork in the road of time. To be sure, we sometimes have the
sense of being dragged along despite ourselves, by internal processes which, though they come
from within our minds, nevertheless seem to work against our wishes. But on the whole we still
feel that we can choose what we shall do. Whence comes this sense of being in control?
According to the modern scientific view, there is simply no room at all for "freedom of the
human will. " Everything that happens in our universe is either completely determined by
what's already happened in the past or else depends, in part, on random chance. Everything,
including that which happens in our brains, depends on these and only on these:

A set of fixed, deterministic laws. A purely random set of accidents.

There is no room on either side for any third alternative. Whatever actions we may "choose,"
they cannot make the slightest change in what might otherwise have been-becduse those rigid,
natural laws already caused the states of mind that caused us to decide that way. And if that
choice was in part made by chance-it stil l leaves nothing for us to decide.

Every action we perform stems from a host of processes inside our minds. We sometimes
understand a few of them, but most lie far beyond our ken. But none of us enjoys the thought
that what we do depends on processes we do not know; we prefer to attribute our choices to
volition, will, or self-control. We like to give names to what we do not know, and instead of
wondering how we work, we simply talk of being "free." Perhaps it would be more honest to
say, "My decision was determined by internal forces I do not understand." But no one likes to
feel controlled by something else.

Why don't we like to feel compelled? Because we're largely made of systems designed to learn
to achieve their goals. But in order to achieve any long-range goals, effective difference-engines
must also learn to resist whatever other processes attempt to make them change those goals. In
childhood, everyone learns to recognize, dislike, and resist various forms of aggression and
compulsion. Naturally we're horrified to hear about agents that hide in our minds and influence
what we decide.

In any case, both alternatives are unacceptable to self-respecting minds. No one wants to
submit to laws that come to us like the whims of tyrants who are too remote for any possible
appeal. And it's equally tormenting to feel that we're a toy to mindless chance, caprice, or
probability-for though these leave our fate unfixed, we'd still not play the slightest part in
choosing what shall come to be. So, though it's futile to resist, we continue to regard both
Cause and Chance as intrusions on our freedom of choice. There remains only one thing to
do: we add another region to our model of our mind. We imagine a third alternative, one easier
to tolerate; we imagine a thing called "freedom of will," which lies beyond both kinds of
constraint.
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30.7 THE MYTH OF THE THIRD AITERNATTVE

To save our belief in the freedom of will from the fateful grasps of Cause and Chance, people
simply postulate an empty, third alternative. We imagine that somewhere in each person's
mind, there lies a Spirit, Will, or Soul, so well concealed that it can elude the reach of any law
-or lawless accident.

I've drawn the box for Will so small because we're always taking things out of it-and scarcely
ever putting things in! This is because whenever we find some scrap of order in the world, we
have to attribute it to Cause-and whenever things seem to obey no laws at all, rn'e attribute
that to Chance. This means that the dominion controlled by Will can only hold what, up to
now, we don't yet understand. In ancient times, that realm was huge, when every planet had
its god, and every storm or animal did manifest some spirit 's wish. But now for many centuries.,
we've had to watch that empire shrink.

Does this mean that we must embrace the modern scientific view and put aside the ancient
myth of voluntary choice? No. We can't do that: too much of what we think and do revolves
around those old beliefs. Consider how our social lives depend upon the notion of responsibility
and how little that idea would mean without our belief that personal actions are voluntary.
Without that belief, no praise or shame could accrue to actions that were caused by Cause, nor
could we assign any credit or blame to deeds that came about by Chance. What could rve make
our children learn if neither they nor we perceived some fault or virtue anywhere? We also use
the idea of freedom of will to justify our judgments about good and evil. A person can entertain
a selfish impulse, yet turn it aside because it seems wrong, and that must happen when some
self-ideal has intervened to overrule another goal. We can feel virtuous when we think that we
ourselves have chosen to resist an evil temptation. But if we suspected that such choices were
not made freely, but by the interference of some hidden agency, we might very well resent that
interference. Then we might become impelled to try to wreck the precious value-schemes that
underlie our personalities or become depressed about the futil ity of a predestination tempered
only by uncertainty. Such thoughts must be suppressed.

No matter that the physical world provides no room for freedom of will: that concept is
essential to our rnodels of the mental realm. Too much of our psychology is based on it for us
to ever give it up. We're virtually forced to maintain that belief, even though we know it's false
-except, of course, when we're inspired to find the flaws in all our beliefs, whatever may be
the consequence to cheerfulness and mental peace.
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30.8 INTETIJGENCE AND RESOURCEFT'LNESS

How could anything as complex as a human mind work so well for so many years? We all
appreciate those splendid feats of writing plays and symphonies. But we rarely recognize how
wonderful it is that a person can traverse an entire lifetime without making a single really
serious mistake-like putting a fork in one's eye or using a window instead of a door- How do
we do such amazing feats as to imagine things we've never seen before, to overcome obstacles,
to repair things that are broken, to speak to one another, to have new ideas? What magical trick
makes us intelligent? The trick is that there is no trick. The power of intelligence stems from
our vast diversity, not from any single, perfect principle. Our species has evolved many effective
although imperfect methods, and each of us individually develops more on our own. Even-
tually, very few of our actions and decisions come to depend on any single mechanism. Instead,
they emerge from conflicts and negotiations among societies of processes that constantly chal-
lenge one another. In this book we've seen many such dimensions of diversity:

The accumulation of myriad subagents.
We learn mdny different ways to achieve each kind of goal.

The many realms of ordinary thought.
When one viewpoint fails to solve a problem, we cdn adopt other perspectives.

The endowment of several "instinctive" protominds.
We embody different kinds of organizations for achieving mdny kinds of goals.

The hierarchies of administration grown in accord with Papert's principle.
When simple methods fail, we can build new leyels of organization.

The evolutionary vestiges of animals that still remain inside our brains.
We use machinery evolved from fish, amphibia, reptiles, and earlier mammals.

The sequence of stages of the growing child's personality.
We accumulate different personalities that we cdn affly to different situations.

The complex, ever-growing heritage of language and culture.
We can use methods and ideas developed by millions of our ancestors.

The subordination of thought processes to censors and suppressors.
We do not need perfect methods, since we cdn remembe, hoi imperfect methods
fail.

Each of these dimensions gives you toughness and versatility. They offer alternative ways to
proceed when any system fails. If part of your society of mind proposes to do what other parts
find unacceptable, your agencies can usually find another way. Sometimes you merely n..d to
turn to another branch of the same accumulation. When that fails, you can ascend to a higher
level and engage alarger change in strategy. Then, even if an entire agency should fail, four
brain retains earlier versions of it. This means that every facet of your personality may have the
option to "regress" to an earlier stage, which already has proved itself competent to deal with
the usual problems of life. Finally, when even that won't work, you can usually switch to an
entirely different family of agencies. Whenever anything goes wrong, there are always other
realms of thought.
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APPENDIX

I HEREDITY AND ENVIRONMENT

Sometimes we ask why people are so similar. At other times, we wonder why they differ so
much from one to the next. Often we try to classify our differences into those with which we're
born and those we later learn-and then we find ourselves arguing about which virtues are
inherited, and which we acquire from experience. Most arguments about "nature vs. nurture"
are based on two mistakes. One is to talk about intelligence as though a person's quality of mind
were like a quantity one could pour into a cup. The other mistake is to assume that there is a
clear distinction between what we learn and how we learn-as though experience had no effect
on how we learn.

Chance plays a major role in human differences, because each of us starts out by drawing
lots from among our parents' genes. A gene is a unit of heredity-a specific chemical whose
structure affects some aspects of the construction of the body and the brain. We inherit each
of our genes from one parent or the other, more or less by chance, so as to receive about half
of each parent's genes. Within the population as a whole, each particular kind of gene has
variants that work in somewhat different ways, and there are so many possible combinations of
these alternative genes that every child is born unique-except in the case of identical twins,
who carry identical copies of genes. One thing that makes people both so different and so
similar is this: we dre similar because those alternative genes dre usudlly quite similar-and we
are different because those genes are not identical.

Every cell of the body contains identical copies of all of that person's genes. But not all genes
are active at the same time-and this is why the cells in our different organs do different things.
When a particular gene is "turned on" inside a cell, that cell manufactures copies of a particular
chemical (called a protein), whose structure is determined by the structure of that gene. Pro-
teins are used in many ways. Some of them are assembled into permanent structures, some are
involved in manufacturing other chemicals, and certain proteins move around in the cell, to
serve as messages that alter other processes. Since certain combinations of these messages can
turn other genes on and off, the gene-constructed chemicals in cells can act like small societies
of agencies.

Every cell has windows in its walls and special genes that control which chemicals can enter
or leave through those windows. Then, certain of those chemicals can act as messages that
change the states of specific genes in other cells. Thus groups of cells can also be societies. The
effects of most of those messages between cells are temporary and reversible, but some of them
can permanently change the character of other cells by altering the types of messages they can
transmit and receive. In effect, this converts them into other "types" of cells. When new types
of cells are produced this way, certain of them remain in place, but other types proceed to



move and reproduce-to form new layers, strands, or clumps. Inside the brain, certain types
of cells emit specific chemicals that drift out like scents; this causes certain other types of mobile
cells that are sensitive to those particular chemicals to sniff out those scents and track them
back to their sources-leaving tubelike trails behind. These traces of the travels of those mi-
gratory cells then form the nerve-bundles that interconnect various pairs of far-apart brain-
agencies. With all this activity, the embryonic brain resembles a complex animal ecology-
which even includes predators programmed to find and kill the many cells that happen to reach
"wrong" destinations.

All human brains are similar in size and shape but differ in many smaller respects because of
different alternative genes. Why does the human population support so many variant genes?
One reason is that genes are sometimes altered by accidents. When this happens to a gene that
lies within a reproductive cell-that is, inside an ovum or a sperm-the change will be inher-
ited. We call this a "mutation." Most often, a mutant gene will simply fail to manufacture some
vital chemical, and this will so badly impair the offspring that natural selection will quickly
remove the mutated gene from the population. But occasionally a mutant gene will endow
those offspring with some substantial advantage. Then natural selection will spread copies of
that gene so widely among the population that its predecessor gene becomes extinct. Finally,
a variant gene may provide an advantage only in certain circumstances; this type of muta-
tion may spread only to a certain proportion of the population, and both the new and the
old variants will continue to coexist indefinitely. The richness of this reservoir of alternative
genes can determine how quickly a population adapts to changes in ecological conditions-
and thus determines whether the entire species can escape extinction over longer periods of
time.

Now let's return to what genes do. Not all genes turn on at once; some start early and some
start late. In general, the sooner a gene starts working, the greater its effect on what comes
afterward. Accordingly, it is the early-starting genes that most affect the basic, large-scale
architecture of our bodies and our brains. A mutation in an early-working gene is likely to cause
such a drastic alteration of an animal's basic architecture that the embryo will not survive to be
born, grow up, and reproduce successfully. Accordingly, most mutations of early-working genes
are swiftly weeded out of the population by natural selection. Mutations in later-starting genes
tend to cause less drastic differences, hence are not so swiftly weeded out and can accumulate
in the population-for example, as variations in the genes that affect the sizes of connections
between various brain-agencies. Every different combination of such variant genes produces a
person with a somewhat different brain.

The early-starting genes thus frame the large-scale outlines of the brain-and their unifor-
mity explains why people are so similar on the broadest scale. These must be the genes respon-
sible for what we call "human n2fsps"-that is, the predispositions every normal person shares.
Generally, the uniformity of early-starting genes is what makes all the members of each animal
species seem so similar; indeed, it is partly why the earth is populated with distinct, recognizable
species like lions, turtles, and people, rather than with an indistinct continuum of all conceiv-
able animals. No human mother ever bears a cat, since that would require too many different
early-starting genes.

2 THE GENESIS OF MENTAT REATMS

All normal children come to recognize the same sorts of physical objects. Is that because the
concept of an object is innate in the human mind? Each of us becomes attached to certain
other individuals. Does this mean that the concept of person, and the notion of love, are part
of our inheritance? Every human child forms "realms of thought" that represent the physical,
possessional, and psychological. But how could genes build concepts into minds when genes
themselves are merely linked-together chemicals?

The problem is that thoughts proceed on levels so far removed from those of chemicals. This
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makes it hard for genes, which are merely chemicals, to represent such things as objects,
persons, or ideas-at least in anything like the way that strings of words express our thoughts.
Then how do genes encode ideas? The answer lies in the concept of "predestined learning"
discussed in section 11.7. Although groups of genes cannot directly encode specific ideas, they
can determine the architecture of agencies that are destined to learn particular kinds of pro-
cesses. To illustrate this principle, we'll outline the architecture of an agency destined to learn
to recognize a human individual.

When we first introduced the concept of a recognizer, we suggested a simple way to represent
a physical object in terms of properties like color, texture, size, and shape-by combining
evidence from several agencies, each containing sensors especially designed to react to certain
particular properties. Now we'll take another step, by dividing each of those agencies into two
sections that are similar in architecture, and which both receive sensory inputs from the eyes,
ears, skin, and nose. The first system is destined, as before, to learn to represent physical objects
in terms of simple properties. However, because the second system's inputs come from different
types of agents, it is destined to learn to represent "social objects"-that is, people.

Our second "social object" agency takes all of its inputs from sensors that detect stimuli

which usually signify the presence of a person-namely, human odors, voices, and faces.

Because of this-and even though the genes that assemble this system know nothing of people
-this system has no alternative but to learn to represent relations among the features of human
individuals. Accordingly, this agency is destined to learn to recognize people!

The large-scale outline of this agency poses no engineering mystery-but we have to ask how
genes could produce the sensory detectors that the system needs to do its iob. There is ample
evidence that the recognition of both voices and faces does indeed take place in special sections
of the brain-since certain injuries of the brain leave their victims unable to distinguish voice
sounds yet still able to recognize many other kinds of sounds, while other brain iniuries destroy
the ability to reco gnize faces but leave other visual functions intact. No one yet knows iust how
these recognition-systems work, but let's consider each in turn.

oDoR RECOGNTTIoN: lt is easy to build recognizers for particular odors because an
odor is merely the presence of a certain combination of chemicals in the air, and a
specific gene can make a cell sensitive to a particular chemicaL So, to build agents

for recognizing the odors of particular obiects or people requires little more than
connecting d variety of evidence-weighing agents fo a variety of specific chemical
detectors.
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voICE RECOGNITIoN: To distinguish the sounds of a human voice requires more
machinery because vocal expressions dre complicated sequences of events. Machines
haye been built that can make such distinctions.

FACE RECOGNITION: No one has yet been able to build vision machines that ap-
proach our human ability to distinguish faces from other obiects-or eyen to disti'n-
guish dogs from cats. This remains a problem for research.

In their first few days, human infants learn to distinguish people by their odors; then, over
the next few weeks, they learn to recognize individuati bv sound of voice; only after several
months do they start to reliably distinguish the sights of iaces. Most likely we learn to make
each of these distinctions by several different methods, and it is probably noaccident that these
abilities develop in a sequence that corresponds to their increasing complexity.

3 GESTURES AND TR..A.JECTORIES

To recognize a voice or face seems hard enough; how does a child learn to recognize another
person's mental state-of being angry or affectionate, for exam ple. One way is Ul, aistinguish-
ing traiectories- fust as we learn to interpret certain types of changes as representing the -6tior*
of obiects in the physical realm, we learn to classify oth"r types Jf .nrngls as signifying mental
events; these are what we call "gestures" and "expressions.'"-For exampTe, to identify icertain
sound to be a particular language-word, some agencies inside your brain must recognize that a
certain sequence of phonetic features has occurred. At the same time, other 

"g..r"i., 
interpret

sequences of vocal sounds as having significance in other realms. In particular, certain types ofvocal sounds are recognized as signifying specific emotional qualiiies. For example, people
almost universally agree on which expreisions seem most angry or imperative. In general,
abruptly changing sounds evoke alarm-perhaps by inducing the sort of narro*ing of interest
that comes with pain; in any case, sudden changes in volume and pitch demand that we attend
to them. In contrast, we react to "gentle" soun?s in ways that people label "positive," ,s with
affection, love, or reverence; the smoother time-traieciories do somehow serve to ,.calm 

usdown," thus frequently inducing us to set aside our other interests. It 's quite the same fo, ,ight
and touch; hostile persons tend to iab and shout, while friendly people speak and wave withgestures and trajectories that we perceive as signifiring gentleness and tenderness. Indeed, asshown in Manfred Clynes's book, Sentics, OoJUteary", T.{"* york, Ig7g, people show similaremotional responses to certain types of time-trajectories regardless of the sensory domain. Weconsistently identify certain sudden,-ierky typgs of action pftt.rn, as indicating anger-regard-
less of whether these are presented'as visual motions, 

", "r,u.lopes 
of voice sounds, or aspushing, shoving tactile stimuli. In the same way, we consistently identify certain other,

smoother action patterns to indicate affection. Clynes concludes that at least half a dozen
distinct types of traiectories are universally associa[ed with particular emotional states. What
sort of brain-machinery could cause us to react in such simiiar ways to such different kinds ofstimuli? I propose a three-part hypothesis. First, each of our sensory-agencies is equipped withspecial agents that detect certain types of time-trajectories. Second, the outputs of aU it . ,g".rt,that detect similar "trajectory typei" in different agencies are connected, through special con-nection bundle-s, to converge upon agents in some central "gesture- rec:,ogniti;g" ;g*"v. e'i-nally, genetically established nerve-bundles run from each gesture-recognizing agent to aparticular infantile "proto-specialist" of the sort described in sectio n 16.3.

According to this hypothesis,- each sensory-agency contains agents that are specialized toreact to various types of temporal trajectories. For example, one ki;d might react orrty to stimuli
that increase slowly and then decrease quickly; another kind might relct only to signals that
increase quickly and decay slowly. Inside the brain, although th; agencies foi f,.ari-rg, sight,and touch lie far apart, the signals from agents that detect"similar irajectories converge on a
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common agency composed of evidence-weighing agents. Notice that the architecture of this

system is so similar to that of our "person-recognizing" agency that the two systems could form
parallel layers; however, the destiny of each central "traiectory-type" agent is to learn to recog-
nize, not a particular person, but a particular type of gesture or expression. For example, one

such agent might learn to react in similar ways to a snarl, grimace, or shaken fist-and thus

become an "anger-recognizing" agent whose function is "abstract" in the sense of being de-

tached from any particular class of sensations.
To be sure, recognizing anger is not the same as comprehending or sympathizing with anger

-nor does merely learning to make such a recognition, by itself, teach us to identify an "anger-

type" trajectory of another person with our own personal experience of being angry. But if our
genes equip us with connections from particular central trajectory-type agents to specific
"proto-specialist" agencies, then each particular trajectory-type recognition would tend to acti-

vate a specific kind of emotional reaction.
Some of these connections could endow us with certain "empathigs"-f61 example, to feel

elated upon recognizing another person's joyous gestures. Other connections could make us

become defensive at signs of aggression-or even aggressive at signs of weakness and with-

drawal. There are innumerable examples, in animal behavior, of particular types of gestures

evoking "instinctive" types of reactions, as when a sudden motion toward a bird provokes a feat'

reaction flight. Surely our human genes provide us with a great deal of instinctive wiring.
However, far more than any other kind of animal, we also have machinery that can bridge new

agencies across the older ones, so that we can learn to bury ancient instincts under modern

social disciplines.
We've seen how a gene-built agency could predispose us to use traiectory types to represent

emotional and other sorts of states of mind. Once this is done, higher-level agencies could use
the signals from trajectory-type agents to learn to recognize and represent more complex

successions of mental states. In time, those representations could be assembled into models we

could use for predicting and controlling our own mental processes. This illustrates how archi-

tectures framed by genes could serve our minds as stepping-stones toward learning how to think
about ourselves.

As soon as you enter a certain room, you may experience the feeling that you can directly

sense its history. Many people attribute such perceptions to imaginary influences with names
like "intuitions," "spirits," "atmospheres," and "vibrations." Yet very likely all such perceptions

come from inside the mind of those observers, as various mental agencies accomplish clever
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syntheses from clues derived from features and traiectories. In my view, believing in vibrations
and ghosts diminishes our capabilities for mental growth by diveiting attention fiom the mind
and attributing those abilities to imaginary entities outside ourselves.-

4 BRAIN CONNECTIONS

What possible sort of brain-machine could support a billion-agent society of mind? The
human brain contains so many agencies and connections that it iesembles a great nation of
cities and towns, linked by vast networks of roads and highways. We are born with brain centers
that are specialized for every sense and muscle group, for moving every eye and limb; for
distinguishing the sounds of words, the features of faces, and all sorts of touches, tastes and
smells. We're born with protospecialists involved with hunger, laughter , fear and anger, sleep,
and sexual activity-and surely many other functionr ro ott. has tiscovered yet-e"ach based
upon a somewhat different architecture and mode of operation. Thousands of different genes
must be involved in laying out these agencies and the nerve-bundles between them-and lhose
brain-growth genes must generate at least three kinds of processes. Those genetic systems first
must form the clumps and layers of brain cells that eventually become g.o,tpr of agents; they
must dictate the inner workings of those agencies; and, finally, thev -,tit determine the sizes
and destinations of the nerve-bundles that interconnect those agencies-in order to constrain
"who talks to whom" within each mind-society.

Now every population will include some variants among the genes that shape those highways
in the brain, and this must influence their bearers' potential styles of thougirt. e p"rro"n born
with u_nusually sparse connections between the agencies for sight and spe"ech might develop
powerful machinery in both those realms but find it hard to make direct fonnections between
them' On the surface, that might seem to constitute a disability. However, it might also lead to
an advantage-if it served to force one's higher-level agencies to seek out indir.it 

"onrrectionsthat lead to more articulate ways to represent reality. Similarly, one might suppose there would
be advantages in havin g an uncommonly large capacity for sirort-terrn-me*-ory. Yet for all we
know, our evolution has disfavored that because it tends to lead to less effective use of hard-
learned long-term memories. Other differences in how we think could stem from variations in
connection paths. An individual whose K-lines had more branches than usual might become
inclined to assemble larger-than-usual accumulations in cases where a person whoie memory-
agents had fewer branches might be more disposed toward building u1ifr"-.s. But the same
genetic disposition can lead to different styles of thought: one p".ronl"ho is genetically disposed
toward making uniframes might succumb to the chronic use of superficiai stereotypes, while
artother person similarly endowed might compensate by building -or" deeplv 6y.r.i agencies
that lead to more profound ideas. Although each particular variation will dispose each i.,aiuia-
ual toward certain traits of personality, the final effect of any gene depends upon how it
interacts with the structures built by other genes-and upon countless other accidents. This
makes it almost meaningless to ask which particular genes lead to "good" forms of thought. It
is better to think of a developing brain as a forest within which -rn"y different creatures grow,
in conflict and in harmony.

Let's return to the architecture of machines that could hold societies of mind. How compli-
cated this must be depends in part upon how many agents must be active at each moment. W"
can clarify the problem by considering two extre-.r. If only a few agents need to work at any
time, then even an ordinary, serial, one-step-at-a-time computer could support billions of such
agents-because each agent could be represented by a separate computer program. Then the
computer itself could be quite simple, provided it has access to enough memory to hold all
those little programs. On the other hand, no such arrangement would suffice to simulate
societies of mind in which each of billions of agents constantly interact with all the others, all
at once, because that would need more wires than any animal could carry in its head. I suspect
that the human brain works somewhere in between; we do indeed have billions of nerve cells
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working at the same time, but relatively few of them have any need to communicate with more
than a small proportion of the rest; this is simply because most agents are too specialized to deal
with many types of messages. Accordingly, we'll propose an architecture that lies between those
serial and parallel extremes-namely, a compromise in which a typical agent has comparatively
few direct connections to other agents but can still influence a great many other agents through
several indirect steps. For example, we can imagine a society in which each of a billion agents
is connected to thirty other agents, selected at random. Then most pairs of agents should be
able to communicate through merely half a dozen intermediates! This is because a typical agent
can reach thirty others in one step, a thousand others in two steps, and a million others in only
four steps. Thus a typical agent could reach any of the other billion agents in only six or seven
steps!

However, randomly selected connections would not be very useful, because very few ran-
domly selected pairs of agents would have any messages that might be useful to one another.
When we actually examine the human brain, we find that connections between cells are not
made either uniformly or randomly. Instead, within any typical small region, we see a great
many direct connections between nearby cells but only a relatively small number of bundles of
connections to other regions of cells that lie farther away. Here is an idealized representation
of this arrangement:

Here,8 agents make a liftle
atbe, and I such cubes make
a 64-agent supercube.

lf we join 8 of these supercubes,
we'llhave 512 agents. And if we
repeat this cube-on-cube pattern
ten times, the resulting supercube
willcontain a billion agents!

But if we link each agent to 30
others instead of only 6, then each
aaent could communicate with a
bittion others in only 6 sfeps.

An embryonic brain might assemble such a structure by repeating a sequence of cell divisions
and migrations perhaps half a dozen times. If only that were done, the resulting structure
would be uselessly repetitive. However, in a real brain's growth, this underlying building plan is
modified at every step by many other processes, and this produces many agencies that are
similar in general form but different in specific details. Some of these gene-controlled interven-
tions modify the properties of specific layers and clumps of cells, and this determines the
internal workings of particular agencies. Other interventions affect the sizes and destinations
of the nerve-bundles that interconnect particular pairs of agencies. Such highway-routing
processes could be used, for example, to lead the nerves that emerge from the trajectory-type
sensors in different agencies to the same central destination. This would be quite easy to
arrange because the trajectory agents of similar types would tend to have similar genetic origins
-and that would predispose them to be able to "smell" the same varieties of embryonic message
chemicals and thus grow toward the same destination.

The same genetic argument can be applied to other aspects of a child's development-for
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examPle, to why all children seem to grow such similar Societies-of-More. When we discussed
fean Piaget's experiments, we lelt it as a mystery how children form the agencies calle d History
and Appeardnce. What leads all those different minds to similar conceptions of comparisons? In
section 10.7 we hinted that this might happen because similar agents likeTatI ̂ ndThinorigi-
nate in related sections of the brain. Consider that despite the Tact that we do not know the
brain-machinery for agents like TaII and Thin, we can be virtually sure that they are similar
internally, because they both respond to the same sorts of spatial diffetences. Therefore, they
almost surely have a common evolutionary origin and are constructed by the same or similar
genes. Consequently, the embryonic brain cells that form these agents wiil tend to have similar
"senses of smell" and are therefore likely to send out nerves thaiconverge upon the same (or
similar) agencies. From this point of view, the formation of a Spatial 

"t"n"y 
on which such

properties converge need not be an unlikely chance event, but could be virtually predestined
by inheritance.

- Papert's principle requires many agencies to grow by inserting new layers of agents into older,
already working systems. But this poses a problem becaur., orr". brain cells reach maturity,
they no longer have much mobility. Consequently, adding new layers to old agencies must
involve using brain cells in other locations. As far as we know, the only way this cluld be done
is by using connections already available in the neighborhood of the orijinal agency. Here's
one way embryonic cells could provide frameworks for future multilayered mind-iocieiies'

Agents that lle clos to one another form
clumps wlth many dlrect ennectlons. Lonoer
connectlone betvyeen nearby clumps form 

-
the foundatlon for hlgher-level as6ncles. Thts
Ip repeated on several lncreaslnlly
larger scales.

A.y agency that is potentially capable of expanding to assimilate a lifetime of experience
would need more space than any clump or layer of cells could provide in any 

"o*p""t 
neigh-

borhood. This must be why the cerebral cortex-the newest rnd htg.st portion of fhe brairi-
evolved its convoluted form.

As our ancestors evolved, certain genes
appeared, to cause certain agenciis to
2ylg" and told-..and bulge-apd lold. again.
These became the parts of the brain we
call "convolutlons" because of thelr
appearance. They form early ln life and
mav constrain how larqe each division
of ihe mind Is likely to-grow.

If the connections in the cortex of the brain develop this way, through sequences of cell
migrations, it could provide each local neighborhood with potential access to several other
areas, through fanlike bundles and arrays of nerves. I have the impression the human cortex
becomes thus folded upon itself perhaps five or six times, so that agents in each neighborhood
have potential access to several other levels of convolution. This makes it possible for a typical
agent to become connected to millions of other agents through only a few indirect connections.
Presumably, only a small minority of cells ever actually acquire many such connections for
their own exclusive use; however, such an arrangement makes any particular group of cells
potentially capable of acquiring more significance-for example, by gaining control of a sub-
stantial bundle of connections that comes to represent some useful microneme. In its evolu-
tionary course of making available so many potential connections, the human brain has
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actually gone so far that the major portion of its substance is no longer in its agencies but

constitutes the enormous bundles of nerve fibers that potentially connect those agencies. The

brain of Homo sapiens is mainly composed of cabling.

5 SURVWAT INSTINCT

Many people seem to think that living things are born endowed with built-in instincts to

survive. And certainly all animals do many things to stay alive. They build defenses against

threats; they reproduce at any cost; they shy away from extremes of cold or heat, and from

unfamiliarity. Now it usually is sensible, when one sees similarities, to seek some common

cause for them. But I'll argue that it's usually wrong to seek a common force. There are many

different reasons why animals do many things that help keep them alive-and, as we'll see,

there is even a reason why there are so many different reasons. But to attribute this to any

single, central force or to some basic, underlying survival instinct is as foolish as believing in

special powers that attract corpses to cemeteries or broken cars to scrapyards.
No animal requires any central reason to survive, nor does the process of evolution itself

require any reason to produce all those survival aids. On the contrary, evolution's versatility
stems from its very lack of any fixed direction or constraint that might restrict its possibilities.

To understand why animals surviye, one must see evolution as a sieve-that only
passes through its mesh those animals who leave more offspring than the rest.

Many people also think that evolution favors life-although it is a painful fact that most
mutated animals must die before they reproduce. But hindsight makes us tend to count only
the survivors we see, while overlooking all the misfits that have disappeared; it is the same
mistake that one might make from looking only at the sky-to then conclude that all the
animals were birds. The animals we see today are precisely those whose ancestors accumulated
a great many survival aids-and that is why so much of their behavior seems directed toward
promoting their welfare-if only in the surroundings in which their ancestors evolved. It is an
illusion that all those accumulated mechanisms have anything in common; actually, that seem-
ing uniformity has no coherence of its own: it is nothing but the shadow of that evolutionary
sieve. The myth of an underlying survival instinct explains nothing that cannot better be
explained without it, and blinds us to the fact that each of those survival aids may exploit an
entirely different mechanism.

I certainly don't mean to deny that people learn to love life and to fear death. But this is no
simple matter of obeying some elemental instinct. It involves the development over many years
of elaborate societies of concepts. Nor do I mean to say that people are born without any
instincts at all and must learn everything from experience. On the contrary, we start with many
built-in fragments of machinery, and these predestine us to learn to shy away from diverse
forms of pain, discomfort, insecurity, and other forms of bodily and mental harm. But com-
pared to those instinctive fears, the state of nonexistence we call death is a far more strange
and difficult idea, of which no infant can conceive.

6 EVOTUTION AND INTENT

Could animals have evolved as they did, if "nature" had no sense of goal? A century ago, the
world of biologists split in two: on one side stood the "evolutionists," who held that animals
evolve through nothing more than accidents of chance. Their antagonists were called the
"teleologists"; they disbelieved that such excellent animals could evolve without any purposeful
guidance. The evolutionists turned out to be right, for now we can watch small animals and
plants evolve before our very eyes and , at a correspondingly slower pace, see similar develop-
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ments in creatures that have longer lives. In fact, we can actually observe how random acci-
dents to genes lead to the selective survival of particular individuais in various enviuvrrLu Lv Svrrv\)  rvcru LL'  Lrrs )s lsutrvs SulVrval  OI paf l lcufaf  lnOlVlOUalS ln Vaf lOUS envl fonmgnfg-
without the faintest reason to s-uspect that any goals must be involved. So why do so manydo so many
people feel that evolution must have purposes? I iuspect that this belief is based on combining
a sound insight about problem solving with an unsound image of how evolution works. l.-or
example' common sense tells us that a person might never hit upon a design for a flyirrg
machine entirely by trial and error, without having 

"ry 
goals o, prrposes. This leads one to

suppose that nature, too, must be subject to that same constraint. The error comes from
thinking of "nature" as being concerned with such problems as finding a way to make animals
fly.

The trouble is that this confuses uses with purposes. For example, suppose one asked how
birds evolved, while thoughtlessly assuming that feathers and wingi evolved exclusively for use
in flight- One would be confronted with a formidable problem, since any organ as complex as a
wing would require too many different genes to ever appear by random chaice.

So long as one's mind is fixed on flight, one might f..t thrt the only solution is to find some
flight advantage in each and every earlier stage that merely produced a protofeather or proto-
wing too small and weak for actual flight. This is why ro -itry antievolltionists demani that
evolutionary advocates must fill in every imagined "gap" along a direct path toward a specified
goal. However, once we abandon that fixed idea, it is easie, to ,." how various intermediate
developments could have provided those animals with advantages quite unrelated to flying. For
example, the early ancestors of birds could have accumulated genes to manufacturl virious
sorts of feathered appendages that helped to wrap those protobirds in body cloaks that kept
them warm. This sort of fortuitous "preparation" unrelated to any goal of flight would have
made it much more likely that other accidents, perhaps milliot r-of years lat"er, might have
brought a few such elements together to lend some glnuine aerial advantage to an animal
already prone to making leaps.

Incidentally, I do not mean to say that evolutionary processes must by their nature be devoid
of purposes. We can actually conceive of how machine ry could exist inside an animal, to
purposefully direct some aspects of its evolution in much the way a farmer can promote the
evolution of chickens that bear more meat or sheep that grow more wool. Indeei, the repro-
ductive machinery inside our cells has already evolved so as to produce variations ttrat 

"r. 
-or"

likely to be useful than would otherwise occur by purely random chance; this idea is explained
in a brilliant essay by Douglas Lenat, entitled "The role of Heuristics in learning by Disc'overy,"
in Machine Learning: An Artificial lntelligence Approach, edited by R. Z. Michalski, l ' l
Carbonell, and T. M. Mitchell; Tioga Publishing Co., Palo Alto, Calif., 1983. It is even con-
ceivable that our genetic systems might even contain some forms of difference-engine-like
machinery that, over very long periods of time, generate variations in a somewhat puiposeful
manner. To be sure, this is mere speculation, since no such system has yet- been dis-
covered.

In any case, one aftermath of the controversy with teleologists was that many scientists in
other realms became so afraid of making similar mistakes that the very concept of purpose
became taboo throughout science. Even today, most scientists regard it as an abomination to
use "anthropomorphic" or "intentional" language in connection with anything but persons or
higher animals. This burdened the science of psychology with a double-barreled handicap. On
one side, it made psychologists regard many of their most important problems as outside the
scope of scientific explanation. On the other side, it deprived them of many useful technical
ideas-because such concept-words as "want," "expect," and "recognize" a1e among the most
effective ever found for describing what happens in human minds. It was not until the "cyber-
netic revolution" of the 1940s that scientists finally realized there is nothing inherently unscien-
tific about the concept of goal itself and that attributing goals to evolution was bad not because
it was impossible, but simply because it was wrong. Human minds do indeed use goal-
machinety, and there is nothing wrong with recognizing this and bringing technical theories
about intentions and goals into psychology.

3 1 8 A P P E N D I X



7 INSI'I.ATION AND INTERACTION

The hardest thing to understand is why we cdn understand
anything at aII.

- A I B E R T  E t N s r n r n

What hope is there for any human mind to understand a human brain? No one could ever

memoriz. fh" whole of all its small details. Our only hope is in formulating their principles. It

wouldn't be much use, in any case, to know how each separate part works and how it interacts

with the rest-because that simply isn't practical. Even if you knew all those details, if someone

asked you to describe-in general terms-how brains work and how they change, you would

have no way to reply.
We usually like to think in positive terms about how various parts of systems interact. But to

do that, we must first have good ideas about which aspects of a system do not interact-since

otherwise there would be too many possibilities to consider. In other words, we have to under-

stand insulations before we can comprehend interactions. To put this in a stronger form: No

complicated society would actually work if it really depended on interactions dmong most of its
parts. This is because any such system would be disabled by virtually any distortion, iniury, or

environmental fluctuation. Nor could any such society evolve in the first place.

The science of biology was itself shaped by the discovery of insulations. Plants and animals

were scarcely understood at all until it was found that they were made of separate cells. Then

little more was learned so long as scientists thought of cells as bags of fluid within which

countless chemicals could freely interact. Today we know that cells are more like factories,

containing systems that are kept apart by sturdy walls, with doors that open only to those

substances that bear the proper keys. Furthermore, even within these compartments, most

pairs of chemicals cannot interact except by permission of particular genes. Without those

insulations, so many chemicals would interact that all our cells would die.

For the purposes of this book, I have emphasized highly insulated systems-that is, mecha-

nisms in which different functions are embodied in different agents. However, it is important

to put this in perspective. For example, in chapter 19, we drew a sharp distinction between

memorizers and recognizers; this made it easy to explain those ideas. However, in section 20.9

we mentioned very briefly the idea of a "distributed memory," it which both those functions

are combined in the same network of agents. Now I do not want the reader to take the brevity

of that discussion to suggest the subject is not important. On the contrary,I suspect that most

of the human brain is actually composed of distributed learning-systems and that it is extremely

important for us to understand how they can work. It is possible to combine even more func-

tions; for example, |ohn Hopfield has demonstrated a single distributed network that not only

combines memory and recognition, but also "correctly yields an entire memory from any

subpart of sufficient size"-in other words, an agency that "closes the ring," much as described
in section 19.10. See Hopfield's article in the Proceedings of the National Academy of Science,
79, p. 2554, 1982, or the book Parallel Distributed Processing by D. E,. Rumelhart and f . L.

Mclel land, M.I.T. Press, 1986.
The advantages of distributed systems are not alternatives to the advantages of insulated

systems; the two are complementary. To say that the brain may be composed of distributed
systems is not the same as saying that it is a distributed system-that is, a single network in

which all functions are uniformly distributed. I do not believe any brain of that sort could work,

because the interactions would be uncontrollable. To be sure, we have to explain how different
ideas can become connected to one another-but we must also explain what keeps our separate
memories intact. For example, we have praised the power of metaphors that allow us to com-
bine ideas from different realms-but all that power would be lost if all our metaphors got

mixed! Similarly, the architecture of a mind-society must encourage the formation and main-

tenance of distinct levels of management by preventing the formation of connections between
agencies whose messages have no mutual significance. Some theorists have assumed that dis-
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tributed systems are inherently both robust and versatile, but actually those attributes are likelyto conflict' Systems with too many interactions of different types will tend to be fragile, *frif"systems with too many interactions of similar types will be ioo ,edundant to adapt to novelsituations and requirements. Finally, distributed iystems tend to lack .*pii"it, articulated rep-resentations, and this makes it difficult for any such agency to discov"i ho.,' any other suchagency works. Thus, if distributed memory-systems are widely used within our brains, as Isuspect they are, that could be yet another reason for the shallowness of human consciousness.

8 EVOLUTION OF HUMAN THOUGHT

What are the origins of human though t? Today, we're almost sure that our closest living
relatives branched out according- to the dirgt"- below. It shows that none of the species that
still exist are directly descended from any of the others, but that they all share common
ancestors, now long extinct.

ORANGUTAN CHIMPANZEE ANTI-EVOLUTIONIST GOR]LLA

How different are we human beings from all the other animals? We reco gnize how similar
those various brains and bodies are. But in view of our exceptional abilities to speak and think,
we certainly seem to-be unique..Could chimpanzees or goriilas ever learn to speak the way we
do? Experience has shown that these tonderful animals 

-can 
indeed learn to make connections

among hundreds of different words and ideas, enabling them to produce speechlike strings of
symbol-signs for expressin g Trans-actions such as "Pu{ the candy into the'bo*." Uo*.u.rl afr.
same experiments appear to show that these animals find it much more difficult to conslruct
language-strings in which the terminals of certain frames are filled with other filled-in frames.
In other words, no one has succeeded in teaching these animals to use e*piessions that involve
interruption clauses, such as "P-ut the candy thal is in the pait into the 

'box." 
To be ,ur., or'

inability to teach such things does not prove that these animals are inherently incapable of
them. Still, no one can doubt that *" hru" capabilities our ancestors did not possess. What
sorts of brain developments could have given rise to our new and mighty forms of thoughp
Here are some possible candidates:

The capacity to attach new K-lines to old ones enabled us to build hierarchical
memory-trees.

The availability of more versatile temporary memories enabled. us to pursue
subgoals and to tolerate more complicated kinds of interruptions.

The evolution of paransrnss-fhat is, of isonomes that bridge (tcross multiple
realms-enabled us to examine the same problem from seyeral iiewpoints.

The emergence of additional layers of agents allowed each child to grow through
more stages of development.

COMMON ANCESTOR
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None of those advances by itself would seem to pose any special evolutionary difficulty. But

what could have caused so many changes to have appeared so rapidly? Our ancestors diverged

from their relatives, the gorillas and the chimpanzees, only a few million years ago, and-our

human brains have gro*il substantially in only the last few hundred thousand years. Little is

known of what happlned in that interval because we have found very few fossil remains of our

ancestors. (This 
"o"ta 

be partly because their population was never very large but could also be

because they had beco-. too smart to permit themselves to be fossilized.) The evolutionary

interval was so brief that most of our genes and brain structures remain nearly the same- as

those of the chimpanzees. Was it meiely an increase in the brain's size and capacity that

produced our new abilities? Consider that, by itself, an increase in the size of the brain might

fr,lv cause the disadvantage of mental confusion and the inconvenience of a heavier head.

However, if we first evolved significant advances in the ability to manage orr memories' we

could then take advantage of more memory. Similarly, inserting new layers of agents into old

agencies rnight only leal to bad results-unless this were preceded by mechanisms for using

sich layers as "middle-level managers" without disrupting older functions. In other words, our

evolution must have worked the other way: first came enhancements in abilities that made it

feasible for us to manage larger agencies. Then, once we had the capability for using more

machinerv, natural selection could favor those who grew more massive brains.
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POSTSCRIPT AND ACKNOWIf; DGMENT

Never speak more clearly than you think.
- l s R E M y  B s R N S T E T N

This book assumes that any brain, machine, or other thing that has a mind must be com-
posed of smaller things that cannot think at all. The structuie of the book itself reflects this
view: each page explores a theory or idea that exploits what other pages do. Some readers might
prefer a more usual form of story plot. I tried to do that sevetal times, but it never seemed to
work; each way I tried to line things up left too many thoughts that would not fit. A mind is too
complex to fit the mold of narratives that start out here and end up there; a human intellect
depends upon the connections in a tangled web-which simply *o,rldn't work at all if it were
neatly straightened out.

Many psychologists dream of describing minds so economically that psychology would be-
come as simple and precise as physics. But one must not confuse reality with dreams. It was
not the ambitions of the physicists that made it possible to describe so much of the world in
terms of so few and simple principles; that was because of the nature of our universe. But the
operations of our minds do not depend on similarly few and simple laws, because our brains
have accumulated many different mechanisms over aeons of evoiution. This means that psy-
chology can never be as simple as physics, and any simple theory of mind would be bouni to
miss most of the "big picture." The science of psychology will be handicapped until we develop
an overview with room for a great many smaller theories.

To assemble the overview suggested in this book, I had to make literally hundreds of assump-
tions. Some scientists might obiect to this on the ground that successful sciences like physics
and chemistry have found it more productive to develop theories that make the fewest rrg-p-
tions, eliminating everything that does not seem absolutely essential. But until we have a more
coherent framework for psychology, it will remain too early for the task of weeding out un-
proved hypotheses or for trying to show that one theory is better than another-since none of
our present-day theories seem likely to survive very long in any case. Before we can have an
image of the forest of psychology, we'll have to imagine more of its trees and restrain ourselves
lrom simplifying them to death. Instead, we have to make ourselves complicated enough to
deal with what is actually there.

It is scarcely a century since people started to think effectively about the natures of the brain-
machines that manufacture thoughts. Before that, those who tried to speculate about this were
handicapped on one side by their failure to do experiments, particularly with young children,
and on the other side by their lack of concepts for describing complicated machinery. Now, for
the first time, mankind has accumulated enough conceptual tools to begin comprehending



machines with thousands of parts. However, we are only beginning to deal with machines that

have millions of parts and we have barely started to acquire the concepts that we'll need to

understand the biilion-part machines that constitute our brains. New kinds of problems always

arise when one encounters systems built on larger, less familiar scales.

Since most of the statements in this book 
"r. 

rp".nlations, it would have been too tedious to

mention this on every page. Instead, I did the opposite-by taking out all words like "possibly"

and deleting every ,"f.r"rrce to scientific evidence. Accordingly, this book should be read less

as a text of scientffic scholarship and more as an adventure story for the imagination. Each idea

should be seen not as a firm hypothesis about the mind, but as another implemelt to keep

inside one's toolbox for makitrg ih.oties of the mind. Indeed, there is a sense in which that can

be the only realistic way to [ni"t about psychology-since every particular person's mind

develops as a h,rg. -r"hirre that grows in a somewhat different way. Are minds machines? Of

that, I ve raised io doubt at all but haue only asked, what kind of machines? And though most

people still consider it degrading to be regarded as machines, I hope this book will make them

lntertain, instead, the tlioughiof how wonderful it is to be machines with such marvelous

powers.
Scientists like to credit those who first discovered each idea. But the central concept of this

book, that the mind is a society of many smaller mechanisms, involved so many years of work

to bring it to its present form that I can mention only a few of the people who had the most

influence on it. In this research I shared the greatest privilege a human mind can have: to work

on new ideas together with the foremost intellects of one's time. As a student at Harvard, I

immersed mysef in mathematics and psychology and attached myself to two great young

scientists, th; mathematician Andrew Gleason and the psychologist Georq. A- Miller. This was

the era of the scientific movement that was later called cybernetics, and I was especially en-

tranced with the works of Nicholas Rashevsky and of Warren McCulloch, who were making

the first theories of how assemblies of simple cell-machines could do such things as recognize

objects and remember what they'd seen. By the time I started graduate school in mathematics

at princeton in 1950, I had a clear enough idea about how to make a multi-agent learning

machine. George Miller obtained funds for building it; this was the Snarc machine of chapter

7. Constructed *itt the help of a fellow student, Dean Edmonds, it managed to learn in certain

ways, but its limitations convinced me that a more versatile "thinking machine" would have to

exploit many other princiPles.
My teachl.s in the golden age of mathematics at Princeton were not particularly interested

in psychology, but the ways of thought are more important than the subiect matter, and I

leained newmental strategies from Albert Tucker, Ralph Fox, Solomon Lefshetz, John Tukey,

Salomon Bochner, and John von Neumann. I learned even more from my own generation of

students at Princeton: particularly from fohn Nash, Lloyd Shapley, Martin Shubik, and fohn
McCarthy. In Lgr4I returned to Harvard as a funior Fellow of the Harvard Society of Fellows,

with no obligation but to pursue whatever goal seemed most important. There seemed no way

to get 
"ro1rrrd 

the apparent limitations of lowlevel, distributed-connection learning machines,

,o I trrtned toward i new theory being pioneered by Ray Solomonoff, about generalizing from

experience. I attached myself to Warren McCulloch and Oliver Selfridge, with whom I worked

most closely of all until becoming a professor of mathematics at MIT. It was from them that I

derived my image of how to make a laboratory work.
In 1959, Iohn McCarthy came to MIT from Dartmouth, and we started the MIT Artificial

Intelligence Project. We agreed that the most critical problem was of how minds do common-

sense ieasoning. McCarthy was more concerned with establishing logical and mathematical

foundations for reasoning, while I was more involved with theories of how we actually reason

using pattern recognition and analogy. This combination of theoretical and practical research

attracted students of great ability, and our laboratory had an atmosphere that combined math-

ematical power with engineering adventure; this led not only to new theories of computation,

but also to developing some of the very first automatic robots. In 1963, McCarthy left to start a

new AI laboratorv at Stanford, and now there were three principal centers of research in
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Artificial Intelligence, including the one that Allen Newell and Herbert Simon had startedearlier at Carnegie-Mellon U-niversity. A fourth center soon emerged at Stanford ResearchLaboratory, and we all worked closely together.
The money to support the people-anJequipment for this work came mainly from an officeof the Advanced Research Proie"tt Ag"n"y 

"orr".rned 
with informatio; pr*essing technology.This office was directed, in.ffg"!, by the scientists themselves, initially by Dr. I.C.R. Licklider,who had been my teacher and friend when I was a student at Harvard.'Licklider had alreadyorganized a research center at the Bolt, Beranek, and Newman company in Cambridge, Mas-sachusetts, and McCarthy and I and several of our students had workld iosely with that groupfor several years. Later, when Licklider returned to become a professor at MIT, the InformationProcessing Technology Office was taken over successively by Lawrence G. Roberts and IvanS-utherland (who had been students of ours at MIT) ,r,d then by Robert Taylor and RobertKahn-all of whom made important intellectual contributions. The actual details of all theseresearch contracts were managed in the Ofhce of Naval Research by Marvin Denicoff, whosevision of the future had a substantial influence on the entire neid. My own research wassupported by the ONR over an even longer period, since it had pr.uiourty nrrrr,.ed my graduate

studies in topology at Princeton, and, r,tbr.q,rently, Denicoif's successor, Alan Meyrowitz,
supported -y research during the completion br tni, book. 

)

ferome Wiesner and Philip Morse orMtT obtained the resources for our first laboratory. ourdevelopment at MIT was encouraged by William Ted Martin, Norman Levinson, Witold Hu-rewicz, Norbert Weiner, Claude Shannon, Peter Elias, and Robert Fano. I was given theprivilege of sharing with Shannon the endowed chair of Donner Professor of Science at MIT
and enioyed the support of many oj!.1 people and organizations over the years: |ohn Williams,Daul Armer, and Merril Flood enabled -. lo work wiih Newell, Shaw, 

"r,d 
Si-on at the Rand

Corporation; O-li1er Selfridge and Gerald Dinneen encouraged research at MIT's Lincoln Lab-
oratory; Michel Gouilloud supported my work from the Schlumberge, Corporation; Edward
David provided support from Exxon; and Alan Kay supported -Jry of our students with
funding from (successively) the Xerox, Atari, and Apple^corporations. For several years, the
Thinking Machines Corporation has supported bottr ihir r.riarch and the development of a
new type of computer called the Connection Machine-designed by -y student Danny Hillis
for embodying societies of mind. 

e -- -

Most of all, I want to acknowledge the contributions to this book of Seymour papert, who
came to MIT in 1963 after five years of studying child development with fean piaget in Ge'eua.
Papert and I worked so well together that foi a decade r" ,,.rp"rvised the labo"ratory jointly,
each able at any time to leave the other to decide what should be done. Togethe, *" evolved
new mathematical techniques, designed laboratory experiments, built computer hardware and
software, and supervised the same students. Such a partnership could not have worked so well
had wb not both developed in similar intellectual directions before we met; we were both
involved with the same areas of mathematics, with similar concerns about machinery, and with
similar attitudes about psychology. One of our projects was to build a machine that could see
well enough to- use mechanical hands for solving real-world problems; this was the origin of
Builder and the insights that emerged from it. Inlrying to -rL. that robot see, we founl that
no single method ever worked well by itself. For example, the robot could rarely discern an
obiect's shape by using vision alone; it also had to exploif otirer types of knowledge about which
kinds of obiects were likely to be seen. This experilnce impressed on us the iJea that only a
society of different kinds of processes could possibly suffice. Papert and I worked together not
only on robotic machines, but in many other areas; for example, *e spent several yJ"r, devel-
oping a new mathematical theory for the then mysterious Perceptron typ" of learning machine.
In the middle 1970s Papert and I tried together to write a bobk abo.ri societies of mind but
abandoned the attempt when it became clear that the ideas were not mature enough. The
results of that collaboration shaped many earlier sections of this book.

Eventually Papert and I both turned away from large-scale scientific enterprises toward some-
what different individual goals, and we imposed the directorship of our laboratory upon one of
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our most original and productive students, Patrick Winston-who first worked out the idea of

*"kirrg unifr"ames. papert went on to deueiop a host of new theories about mental development

and education; these i.d to the computer language LoGo and to many other concepts that

started to enter the mainstream of educational thought over the next decade. I focused my

concern on searching for better theories about the little world of how a child might learn to

build with blocks. Th"e parts of the puzzle that form this book began to fit together in m-v mind

in the mid-1970r, 
"ror.rrrd 

the concept of frame-array, and this eventually led to the theories

about communicationlines, K-lines, and level-bands, and then, during the book's final stages,

to the ideas about pronomes, polynemes' and cross-realm correspondences'

As for the manuscript itseif, Bradley Marx read through every draft, comparing each version

with earlier ones, helping to maintain clarity, stylistic coherency, and especially protecting good

ideas from destructive revisionary impulses. This was hard because the early manuscript was

more than twice its present lengtir. noUi" Lakoff suggested neutering the English; this seemed

at first impossible but soon became quite natural. Theodore Sturgeon reviewed an early draft; I

wish he had lived to see it now. Kenneth Haase, Betty Dexter, and Tom Beckman made

innumerable suggestions and corrections. Successive drafts were reviewed by Danny Hillis,

Steve Bagley, Marvin Denicoff, Charlotte Minsky, Michel Gouilloud, fustin Lieber, Philip

Agr", oaiia'wallace, Ben Kuipers, Peter de fong, and Sona Vogel. Richard Feynman contrib-

uted a variety of insights about memory and pirallel processing. David Yarmush helped to

iigiir" the book into sections, to smooth out the transitions, and to establish the gradient

wherein the words begin with commonsense meanings and gradually become more technical.

Bob Whittinghill -ade many suggestions about language as well as about psychology. D_ouglas

Hofstadter evaluated the entire tl-.ory, forcing me to make several substantial changes. Michael

Crichton made many technical suggestions and helped me to refine the early chapters.

Russell Noftsker and Tom Callahan made substantial engineering contributions to our work.

Hosts of ideas came from students at MIT, notably Howard Austin, Manuel Blum, Danny

Bobrow, Eugene Charniak, Henry Ernst, Tom Evans, Scott Fahlman , ka Goldstein, William

Gosper,'Ricf,ard Greenblatt, Adolfo Guzman, Kenneth Haase, William Henneman, Carl Hew-

iit, O"""y Hillis, |ack Holloway, Tom Knight, William N{artin, foel Moses, Bertram Raphael,

Larry Roberts, fames Slagle, leny Sussman, Ivan Sutherland, David Waltz, Terry Winograd,
patrick Winston, and -any others. Countless other thoughts came from working at various

times with Maryann Amacher, Gregory Benford, Terry Beyer, Woodrow _Bledsoe, Mortimer

Casson, Edward Feigenbaum, Edward Fredkin, Arnold Griffith, Louis Hodes, Berthold Horn,

Joel Isaacson, RussEll Kirsch, David Kirsh, Robert Lawlor, fustin Leiber, Douglas Lenat,

i.ro*. Lettvin, David MacDonald, Curtis Marx, Hans Moravec, Stewart Nelson, Nils Nills-

son, Dor,ald Norman, Walter Pitts, ferry Pournelle, Charles Rosen, Carl Sagan, Roger Schank,

Robert Sheckley, Stephen Smoliar, Cynthia Solomon, Ray Solomonoff, Luc Steels, Warren

Teitelman, and Crarillla Tonfoni. I wish I could acknowledge the inspirations of all the friends

of earlier years, particularly W. Ross Ashby, Thomas Etter, Ned Feder, Heinz von Foerster,

Donald Hebb, ioi" Hollander, Arnold Honig, Gordon Pask, Roland Silver, fan Syriala, Carroll

Williams, B.rii"* Wolfe, David Yarmush-and of all the teachers of my youth, particularly

Dudley Fitts, Ruth Gordon, Alexander |oseph, Edward Lepowsky, anq Herbert Zim. My de-

velopment was also strongly influenced first by the writing and later by the friendship of Arthur

C. ilarke, Robert Heinlein, Frederick Pohl, and most of all by Isaac Asimov.

Of course, the deepest influence on my style of thought came from my parents, Henry

Minsky and Fannie Reiser. My wife, Gloria Rudisch, our children Margaret, Henry, and

fuliana (who drew the illustrations and sometimes changed the text to make them fit), and my

sister Ruth all helped to shape this book. My sister Charlotte also lives between these lines, for

even in our childhood, she was a powerful artist and critic, and her dreams became the mean-

ings of my ordinarY words.
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GTOSSARY AND BIBIJOGR/A,PHY

Because I thought this theory of the mind might interest not only specialists but everyone
who thinks, I favored ordinary words over the tech'nical language of psychology. This was rarelyany sacrifice becau,se so many psychological terms already"stood for obsolete ideas. But since Ialso wished to speak to specialish, I trieJ to hide more technical ideas between the lines, if,op.this second level does not show. However there still were certain points at which no ordinary
words seemed satisfactory, and I had to invent new terms or assign new meanings to old ones.

Accumulation (12.6) A type of learning based on col_
lecting examples of an idea without attempting to
describe what they have in common. Contrast with
Uniframe.

Agency (1.6) Any assembly of parts considered in
terms of what it can accomplish as a unit, without
regard to what each of its parts does by itself.

Agent (1.4) Any part or process of the mind that bv
itself is simple enough to understand-even
though the interactions among groups of such
agents may produce phenomena that are much
harder to understand.

Artificial Intelligen ce (7 .4) The field of research con-
cerned with making machines do things that peo_
ple consider to require intelligence. There ii no
clear boundary between psychology and Artificial
Intelligence because the brain itself is a kind of
machine. For an introduction to this field, I rec-
ommend Patrick Winston's textbook Artificial ln-
telligence, Addison-Wesley, 1984. For more
connections with psychology, see Roger Schank
and Kenneth Colby (eds.), Computer Models of
Thought and Langudge, Freeman, 1973. Some in-
fluential early ideas about brains and machines can
be seen in Warren McCulloch's Embodiments of
Mind, MIT Press, Cambridge, Mass., 1966. See
lntelligence.

Attachment Learnine Q7.2) The specific theory,
proposed in this book, that the presence of some-
one to whom we are emotionally attached has a
special effect on how we learn, especially in in-
fancy. Attachment learning tends to cause us to

modify our goals-rather than merely improve our
methods for achieving the goals we already have.

B-Brain (6.4) AnV part of the brain connected not to
the outside world, but only to another part of the
same brain. Like a manager, a B-brain can super_
vise an A-brain without understanding eithe, ho*
the A-brain works or the problems with which the
A-brain is involved-for example, by recognizing
patterns of activity that indicate the A-brain is con_
fused, wasting time in repetitive activity, or fo-
cused on an unproductive level of detail.

Block-Arch (12.1) A scenario adapted from patrick
Winston's doctoral thesis, "Learning Structural
Descriptions by Examples," in The psychology of
Computer Vision, P. H. Winston (ed.), Mcdra*_
Hill, 1975. The study of the world of children's
building-blocks may at first seem childishlv simple,
but it has been one of the most productive areai of
research about Artificial Intelligence, child psy_
chology, and modern robotics engineering.

Censor (27.2) An agent that inhibits or suppresses the
operation of other agents. Censorlike agents are
involved with how we learn from our mistakes.
This idea played a prominent role in Freud,s theo_
ries but has been virtually ignored by modern ex-
perimental psychologists-presumably because it
is hard to study what people do not think. See
Freud's 1905 book lokes and Their Relation to the
Unconscious. I suspect censorlike agents may con_
stitute the larger part of human memory. The dis_
cussion of censors and jokes in chapter 27 is based
on my essay "fokes and Their Relation to the Coe_



nitive Unconscious," published in Cognitive Con-

straints on Communication, Representations and

Processes," L. Vaina and I K.K. Hintikka (eds'),

Reidel, 1981. See SuPPressors'
Challenger, Professor (.il A rival of mine, disguised

as the treacherous archaeologist in Arthur Conan

Doyle's novel The LostWorld, who resembles Sher-

lock Holmes's nemesis, the mathematician Mo-

riarty, except for being somewhat more honorable'

Closing the Ring (19.10) A technique by which an

agency can recall many details of a memory from

being given only a few "cues."
Common Sense (1.5) The mental skills that most

people share. Commonsense thinking is actually

more complex than many of the intellectual ac-

complishments that attract more attention and re-

,p".i, because the mental skills we call "expertise"

often engage large amounts of knowledge but usu-

ally employ only a few types of representations' In

contrast, common sense involves many different

kinds of representations and thus requires a larger

range of different skills.
Computer Science (6.S) A science still in its infancy'

While other sciences study how particular types of

obiects interact, computer science studies how in-

teractions work in general-that is, how societies

of parts can accomplish what those parts cannot do

separately. Although computer science began with

the study of serial computers-that is, of machines

that could do only one thing at a time-it has

grown to the point of studying the sorts of inter-

connected networks of processes that must go on

inside societies of mind. (For an introduction to

the theory of single-process machines, see my book

Computation: Finite and Infinite Machines, Pren-

tice-Hall, 1967.)
Consciousness (6.l) In this book, the word is used

mainly for the myth that human minds are "self-

aware" in the sense of perceiving what happens

inside themselves. I maintain that human con-

sciousness can never represent what is occurring at

the present moment, but only a little of the recent
past-partly because each agency has a limited ca-

pacity to represent what happened recently and
partly because it takes time for agencies to com-

municate with one another. Consciousness is pe-

culiarly hard to describe because each attempt to

examine temporary memories distorts the very rec-

ords it is trying to inspect. The description of con-
sciousness in section 6.1 was adapted from my

epilogue to Vernor Vinge's novel True Names,

Blueiay Books, New York, 1984.
Context (20.2) The effect upon one's state of mind

of all the influences present at the time. At each
moment, the context within which each agency
works is determined by the activity of the nemes
that reach that agency. See I'Jeme.

Cross-Exclusion (16.4) An arrangement in which

each of several agents is connected so as to inhibit

all the others-so that only one of them can re-

main active at a time'
Cross-Realm Correspondence (29.4) A structure that

has useful applications in two or more different

mental realms. Such correspondences sometimes

enable us to transfer knowledge and skill from one

domain to another-without needing to accumu-

late experience in that other realm. This is the

basis of certain important kinds of analogies and

metaphors.
Creativitv (7.10) The myth that the production of

novel ideas, artistic or otherwise, comes from some

distinctive form of thought. I recommend the dis-

cussion of this subject in the chapter "Variations

on a Theme as the Crux of Creativity," in Douglas

Hofstadter's Metamagical Themas, Basic Books,

1985.
Default Assumption (8.5, 12'12) The kind of as-

sumption we make when we lack reasons to think

otherwise. For example, we assume "by default"
that an unfamiliar individual who belongs to a fa-
miliar class will think and act like a "typical" mem-

ber of that class. Default assumptions are more

than mere conveniences; they constitute our most
productive wav to make generalizations. Although

such assumptions are frequently wrong, they usu-

allv do little harm because they are automatically
displaced when more specific information becomes
available. However, they can do incalculable harm
when they are held too rigidlY.

Demon (27.L) An agent that constantly watches for a

certain condition and intervenes when it occurs.
Our discussion of demons is partly based on Eu-
gene Charniak's doctoral thesis, "Toward a Model

of Children's Story Comprehension," MIT, 1972'
Difference-Engine (7.8) An agency whose actions

tend to make the present state of affairs more like
some goal or "desired state" whose description is
represented in that agency. This idea was devel-
oped by Allen Newell, C. J. Shaw, and Herbert A.
Simon into an important theory about human
problem solving. See G. Ernst and Allen Newell,
GPS, A Case Study in Generality and Problem
Solving, Academic Press, 1969.

Direction-Neme (24.6) An agent associated with a
particular direction or region in space. I suspect
that bundles of direction-nemes are used inside our
brains for representing not only spatial locations
and directions, but also for representing manli
nonspatial concepts. Direction-nemes resemble
isonomes in spatial realms but more resemble poly-
nemes in other realms. See lnteraction-Square and
Frame-Array.

Distributed Memory (20.9) A representation in
which each fragment of information is stored, not
by making a single, substantial change in one
agent, but by making small changes in many differ-
ent agents. Many theorists have been led to believe
that the construction of distributed memory-
systems must involve "nondigital" devices such as
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hokrgrams; that this is not so was shown by p. /.
Willshaw, O. P. Buneman, and H. C. Longuei_
Higgins in "lrJon-Holographic Associative Mem_
ory," Nature,222, 1969. See Memorizers.

Duplication Problem (23.2) The question of how a
mind could compare two simila, idrm without pos_
sessing two identical agencies for representing both
of them at the same time. This protle- *as"r,eue,
recognized in older theories of psychology, and I
suspect it will be the downfall of most i holistic"
theories of higher-level thought. See Time Blink_
tng.

Emotion (16.1) A term used for too many differe't
purposes. There is a popular view that emotions
are inherently more complex and harder to under_
stand than other aspects of human thoueht. I
maintain that infantile emotions are comparatiuely
simple in character and that the complexity of
adr-rlt emotions results from accumulating net_
rvorks of mutual exploitations. In adults, these
networks eventuallv become indescribablv compli_
cated, but no more so than the networks of our
adult "intellectual" structures. Bevond a certain
point, to distinguish between the emotional and
intellectual structures of an adult is merely to de_
scribe the sarne structures from different points of
view. See Profo- specialist.

Exploitation (4.5) The act of one agencv making use
of tlie activity of another agency, without und.r_
standing how it works. Exploitation is the most
usual relationship among agencies because it is so
difficult for them to understand one another.

Exception Principle (12.9) The concept that it may
not pay to change a well-established skill in order
to accommodate an exception. The more one
builds upon a certain foundation, the greater the
disruption upon changing it. A system's growth will
tend to cease, past the point at which the damaee
caused by any change outweighs the immediaie
gain. See lnvestment Principle.

Frame (24.2) A representation based on a set of ter_
minals to which other structures can be attached.
Norrnallv, each terminal is connected to a default
assumption, which is easily displaced by more spe_
cific information. Other ideas about frames that
are not discussed within this book were published
in mv chapter "A Framework for Representing
Knowledge," in Psychology of ComputerVision, p.
H. Winston (ed.), McGraw-Hill, 1975. See picture-
Frdnte, Trans-frame.

Franre-Arruy (25.2) A famill,of frames that share the
same terminals, Information attached to any ter_
minal of a frame-array automatically becomes
available to all the frames of that array. This rnakes
it easv to change perspective, not only in regard to
a physical viewpoint, but in other mental realms
as well. Frame-arravs are often controlled by bun-
dles of direction-nemes.

Functional Autonomy (17,4)
goals can lead to subgoals

328

The idea that specific
of broader character.

For example, i-n order to please another individual,
a child might develop more general goals of acquir_
ing knowledge, power, or wealthlvet the very
same subgoals might serve equally well an initial
wish to injure that other individual. The term
"functional autonomy" derives from Gordon All_
port, who was one of my professors at Harvard.

Functional Definition (12.4) Specifying somethins
in terms of how it might be used, ,r[h., than ii
terms of its parts and their relationships. See struc-
tural Definition.

Generate and Test (7.3) Solving a problem by trial
and error-that is, by proposing solutions reck_
lessly, then rejecting those that do not work.

Genius (7.l0) An individual of prodigious mental ac_
complishment. Although even the most outstand_
ing human prodigies rarely develop even twice as
quickly as their peers, many people feel that their
existence demands a special explanation. I suspect
that the answer is to be found not in the superficial
skills such people learn, but in the early accidents
that lead them into learning better wdls to learn.

Gestalt (2.3) The unexpected emergence, from a
complex system, of a phenomenon that had not
seemed inherent in that svstem's separate parts.
Such "ernergent" or "collective" phenomen, ,ho*
that "a whole is more than the sum of its parts."
However, further research usually shows thai such
phenomena can be explained completely, once we
also take into account the interactions among
those parts-as well as the peculiarities and defil
ciencies in the observer's own perceptions and ex_
pectations. There do not seem to be any important
principles common to the phenomena that have
been considered, from time to time, to be ,,emer_
gent"-beyond the contemporary inability to un_
derstand them. Thus, "holistic" views tend to
become scientific handicaps when they undermine
our determination to extend the boundaries of our
comprehension. See lnteraction.

Goal (7.8) The representation in a difference-engine
of an imagined final state of affairs. This definition
of goal may at first seem too impersonal because it
does not explain either the elation that comes with
achieving a human goal or the frustration that ac_
companies failure. However, we should not expect
to explain such complicated phenomena of adult
psychology directlv in terms of simple principles,
since they also depend on many other aspects of
our mental architecture. Basing our concept of
goal on the difference-engine idea helps us to avoid
the single-agent fallacy by permitting us to speak
about a goal without needing to refer to the person
who entertains that goal; a person's many agencies
may each have different goals-without that per_
son being "aware" of them.

Grammar-Tactic (22.10) An operation involved with
speech that corresponds to a step in a process of
constructing a mental representation. Grammar_
tactics are not the sante as "grammar rules," al_
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though these have a close relation. The difference

is that grammar rules are both superficial and sub-

iective-in the sense that they purport to describe

regularities in one person's behavior as observed by

,orn"ott" else-while grammar-tactics are obiec-

tive in the sense that they are defined to be the

underlying processes that actually produce speech'

Although it may be more difficult to discover iust
what those processes do, it is better to speculate on

how language is produced and used than merely to

describe its observed, external forms.
Holism (2.3) See Gestalt.
Homunculus (5.2) Literally, a tiny person. In psy-

chology, the unproductive and paradoxical idea

that a person's behavior depends upon the behav-

ior of another personlike entity located deeper in-

side that person.
Interaction-Square (14'9) The idea of representing

the interaction between two processes by linking
pairs of examples to direction-nemes. We can use

this same technique not only for representing spa-
tial relationships, but for causal, temporal, and
many other kinds of interactions. This makes the
interaction-square idea a powerful scheme for rep-
resenting cross-realm conespondences.

Interaction (2.1) The effect of one part of a system
upon another part. It is remarkable that in the his-

tory of science virtually all phenomena have even-
tually been explained in terms of interactions
between parts taken two at a time' For example,
Newton's law of gravity, which describes the mu-
tual attraction of two particles, enables us to pre-

dict the motions of all the planets, stars, and
galaxies-without any need to consider three or
more obiects at a time! One could conceive of a
universe in which whenever three stars formed an
equilateral triangle, one of them would instantly
disappear-but virtually no three-part interactions
have ever been observed in the physical world.

Interruption (15.9) A term used in this book to refer
to any process that can be suspended while the
agency involved can do some other job-yet later
return to where it left off. The ability to do this
requires some sort of temporary memory. See Re-
cursion PrinciPle.

Intelligence (7.1) A term frequently used to express
the myth that some single entity or element is re-
sponsible for the quality of a person's ability to rea-
son. I prefer to think of this word as rePresenting
not any particular power or phenomenon, but sim-
ply all the mental skills that, at any particular mo-
ment, we admire but don't yet understand.

Introspection (6.5) The myth that our minds possess
the ability directly to perceive or apprehend their
own operations.

Intuition (12.10) The myth that the mind possesses
some immediate (and hence inexplicable) abilities
to solve problems or perceive truths. This belief is
based on naive views of how we get ideas. For ex-
ample, we often experience a moment of excite-

ment or exhilaration at the moment of completing

a complex and prolonged but nonconscious analy-

sis of a problem. The mvth of intuition wrongly

attributes the solution to what happened in that

final moment. As for being able directly to appre-

hend what is true, we simply forget how frequently

our "intuitions" turn out wrong'
Investment Principle (Ia.6) The tendency of any

well-developed skill to retard the growth of similar

skills because the latter work less well in their early
forms-and hence are used so infrequently that
they never reach maturity. Because of this, we

tend to invest most of our time and effort on elab-

orating a comparatively few techniques, rather

than on accumulating many different ones. This

can lead, at the same time, both to the formation

of a coherent and effective personal style and to a

decline in flexibility that mav be wrongly attributed
to aging. See Exception Principle'

Isonome (22.L) A signal or pathway in the brain that
has similar effects on several different agencies.

K-Line (8.1) The theory that certain kinds of memo-
ries are based on turning on sets of agents that
reactivate one's previous partial mental states.
This idea was first described in my essay "K-lines:

A Theory of Memory," Cognitive Science, 4 (2),

April 1980.
Learning (7.5) An omnibus word for all the processes

that lead to long-term changes in our minds.
Level-Band (S.5) The idea that a typical mental pro-

cess tends to operate, at each moment, only within
a certain range or portion of the structure of each
agency. This makes it possible for one process
to work on small details without disrupting other
processes that are concerned with large-scale
plans.

Logical Thinking (18.1) The popular but unsound
theory that much of human reasoning proceeds in
accord with clear-cut rules that lead to foolproof
conclusions. In my view, we employ logical reason-
ing only in special forms of adult thought, which
are used mainly to summarize what has already
been discovered. Most of our ordinary mental work
-that is, our commonsense reasoning-is based
more on "thinking bv analogy"-that is, applying
to our present circumstances our representations
of seemingly similar previous experiences.

Memorizer (19.5) An agent that can reset an agency
into some previously useful state. See Recognizer
and Distributed Memory.

Memory (15.3) An omnibus term for a great many
structures and processes that have ill-defined
boundaries in both everyday and technical psy-
chology; these include what we call "re-member-

iag," "re-collecting," "re-minding," and "re-

cognizing." This book suggests that what these
share in common is their involvement with how we
reproduce our former partial mental states.

Mental State (8.4) The condition of activity of a
group of agents at a certain moment. In this book
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we have assumed that every agent, at any moment,
is either completely aroused or completely quies_
cent; in other words, we ignore the possibility of
different degrees of arousal. This kind of ,,two_
state" or "digital" assumption is characteristic of
computer science and, at first, may seem too sim_
plistic. However, experience has shown that the so_
called analog theories that are alleged to be more
realistic quickly become so complicated that, in the
end, the simpler two-state models actually lead to
deeper understandings-at least about basic prin_
ciples. See Partial Mental State.

Metaphor (29.8) The myth that there is a clear dis_
tinction between representations that are ,,realis-
tic" and those that are merely suggestive. In their
book Metaphors We Live By, University of Chicago
Press, 1980, Mark fohnson and George Unoff
demonstrate that metaphor is no mere special de_
vice of literary expression but permeates virtually
every aspect of human thought.

Micromemory (15.8) The smallest components of
our short-term memory-systems.

Microneme (20.5) A neme involved with agents at a
relatively low level. See Neme.

Model (30.3) Any structure that a person can use to
sirnulate or anticipate the behavior of somethine
else.

Neme (25.6) An agent whose output represents a
fragrnent of an idea or state of mind. The .,context,'

within which a typical agent works is largelv deter-
mined by the activit-v of the nemes that reach it.
I called nemes "C-lines" in "Plain Talk About
Neurodevelopmental Epistemology," in proceed-
ings af the Fifth lnternational loint Conference on
Artifrcial Intelligence, Cambridge, Mass. , 1977;
the description in section 20.5 is also based on the
idea of "microfeature" developed by David L.
Waltz and Jordan Pollack in "Massively parallel
Parsing," Cognitive Science,9 (l)

Nome (25.6) An agent whose outputs affect an
agency in some predetermined manner, such as a
pronome, isonome, or paranome; an agent whose
effect depends more on genetic architecture than
on learning from experience. The suffix -nome was
chosen to suggest an atom-like, unchanging qual-
itv.

Noncompromise Principle (3.2) The idea that when
tlvo agencies conflict it may be better to ignore
them both and yield control to yet another, inde-
pendent agency.

Papert's Principle (10.4) The hypothesis that many
steps in mental growth are based less on the acqui-
sition of new skills than on building new adminis-
trative systems for managing already established
abil it ies.

Paranome (29.3) An agent that operates on agencies
of several different mental realms at once. with
similar effects on all of them.

Partial Mental state (s.4) A description of the state
of activity of some particular group of mental
agents. This technical but simple idea makes it
easy to understand how one can entertain and com_
bine several ideas at the same time. See Mental
State.

Perceptron (19.7) A type of recognition machine that
learns to weigh evidence. Invented by Frank Ro_
senblatt in the late 1950s, perceptrons use singu_
larly simple procedures for learning which weigllts
to assign to various fragments of eviden... S.u_
mour Papert and I analyzed this type of machine
in the book Perceptrons, MIT press, 1969, and
showed that the simplest kinds of perceptrons can_
not do very much by themselves. However, they
can do much more when arranged into societies so
that some of them can then learn to recogni ze re_
lations among the patterns recognized bylhe oth_
ers. It seems quite likely that some types of brain
cells use similar principles.

Picture-Frames (24.7) A type of frame whose termi_
nals are controlled by direction-nemes. picture_
frames are particularly suited to representing cer_
tain kinds of spatial information.

Polyneme (19.5) An agent that arouses different ac_
tivities, at the same time, in different agencies_as
a result of learning from experience. Contrast with
lsonome.

Pronome (21. l) A type of agent associated with a par-
ticular "role" or aspect of a representation-corre-
sponding, for example, to the Actor, Traiectory, or
Cause of some action. Pronome agents frequently
control the attachments of terminals of frames to
other frames; to do this, a pronome must possess
some temporary memory.

Proto-specialist (16.3) One of the genetically con-
structed subsystems responsible for some of an an-
imal's "instinctive" behavior. Large portions of our
minds start out as almost separate proto-specialists,
and we interpret their activity as manifesting differ-
ent, primitive emotions. Later, as agencies become
more interconnected and learn to exploit one an-
other, these differences grow less distinct. This
conception is based on the societylike theory pro-
posed by Niko Tinbergen inThe Study of lnstinct,
Oxford University Press, 1951.

Przzle Principle (7.3) The idea that any problen can
be solved by trial and error-provided one already
has some way to recognize a solution when one is
found. See Generate and Test.

Realm, Mental (29.1) A division of the mind that
deals with some distinct variety of concern by using
distinct mechanisms and representations.

Recognizer (19.6) An agent that becomes active in
response to a particular pattern of input signals.

Recursion Principle (15. I l) The idea that no society,
however large, can overcome every limitation-
unless it has some way to reuse the same agents,
over and over again, for different purposes. See
lnterruption.
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Reformulation (13. l) Replacing one representation
of something by another, different type of repre-
sentation.

Representation (21.6) A structure that can be used
as a substitute for something else, for a certain pur-
pose, as one can use a map as a substitute for an
actual city. See Functional Definition and Model.

Re-duplication Theory of Speech (22.10) My con-
jecture about what happens when a speaker ex-
plains an idea to a listener. A difference-engine-
like process tries to construct a second copy of the
idea's representation inside the speakeis mind.
Each mental operation used in the course of that
duplication process activates a corresponding
grommdr-tactic in the language-agency, and these
lead to a stream of speech. This will result in com-
munication to the extent that suitably matched
"inverse grammar-tactics" construct, inside the lis-
ter^r's mind, an equivalent representation.

Script (13.5) A sequence of actions produced so au-
tomatically that it can be performed without dis-
turbing the activities of many other agencies. The
action script in section 21.7 accomplishes this by
eliminating all the higher-level managers like Puf
and Gef. A script-based skill tends to be inflexible
because it lacks bureaucracy; one gains speed by
removing higherJevel anchor points but loses ac-
cess to alternatives when things go wrong; script-
based experts run the risk of becoming inarticulate.
The book by Roger Schank and Robert Abelson,
Scripts, Goals, Plans and Understanding, Erlbaum
Associates , 1977, speculates about the human use
of scripts.

Self (4.1) In this book, when written "Self," the myth
that each of us contains some special part that em-
bodies the essence of the mind. When written as
"self," the word has the ordinary sense of a person's
individuality. See Single-Agent Fallacy.

Sensor (11.1) An agent whose inputs are sensitive to
stimuli that come from the world outside the brain.

Single-Agent Fallacy (4.1) The idea that a person's
thought, will, decisions, and actions originate in
some single center of control, instead of emerging
from the activity of complex societies of processes.

Simulation (2.4) A situation in which one system
mimics the behavior of another. In principle, a
modern computer can be used to simulate any
other kind of machine. This is important for psy-
chology, because in the past, there was usually no
way for scientists to confirm their expectations
about the consequences of a complicated theory or
mechanism. The theories in this book have not yet
been simulated, partly because they are not speci-
fied clearly enough and partly because the older
computers lacked enough capacity and speed to
simulate enough agents. Such machines have re-
cently become available; for an example, see W.
Daniel Hillis's doctoral thesis, "The Connection
Machine," MIT Press, Cambridge, Mass., 1985.

Simulus (16.8) An illusion that a certain thing is pres-
ent, caused by a process that evokes, at higher lev-
els of the mind, a state resembling the state of mind
that would be caused by that thing's actual pres-
ence. (A new word.)

Society (l.l) In this book, an organization of parts of
a mind. I reserved the term "community" for refer-
ring to organizations of people because I did not
want to suggest that a human mind resembles a
human community in any particular way.

Society of More (10.2) The agents used by a mind to
make comparisons of quantities.

Stage of Development (16.2) An episode in the
growth of a mind. Chapter 17 offers several reasons
why complicated systems tend to grow in se-
qlrences of episodes, rather than through processes
of steady change.

State of Mind (8.4) See Mental State.
Structural Definition (12.4) Describing something in

terms of the relationships among its parts. Contrast
with Func tional Definition.

Suppressor (27.2) A censorlike agent that works bv
disrupting a mental state that has already occurred.
Suppressors are easier to construct than censors,
and require less memory, but are much less effi-
cient.

Time Blinking (23.3) Finding differences between
two mental states bv activating them in rapid
succession and noticing which agents change their
states. I suspect it is bv using this method that our
brains avoid the duplication problem mentioned in
section 23.2. Time blinking might be one of the
synchronized activities of brain cells that gives rise
to "brain waves."

Traiectory' (21.6) Literally, the path or route of an
action or activity. However, we use this word not
only for a path in space, but, by analogv, for other
realms of thought. See Pronome.

Trans-Frame (21.3) A particular type of frame that is
centered around the trajectory between two situa-
tions, one for "before" and the other for "after."
The theories in this book about Trans-frames owe
much to Roger Schank. See his book, Conceptual
I nformation P roc ess i ng, N orth-Holl and, I 97 5 .

Unconscious (17.10) A term often used, in common-
sense psychology, to refer to areas of thought that
are actively barred or censored against introspec-
tion. ln this book we take "conscious" to mean
aspects of our mental activity of which we are
aware. But since there are very few such processes,
we must consider virtually everything done bv the
mind to be unconscious.

Uniframe (12.1) A description designed to represent
whichever common aspects of a group of things
can be used to distinguish them from other
things.

Will, Freedom of (30.6) The myth that human voli-
tion is based upon some third alternative to either
causality or chance.
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ADDITIONAT REFERENCES

Several sections of this book were adapted from my earlier publications. The discussion ofmathematics in section 18.8 is hased partly on "Form and Cbntent in Computer Science,,,
/' Assoc' Computing Machinery, fanuaiy lci7Z, and partly on my introduction to LogoWorks byCynthia Solomon, Margaret Minsky, Brian Hatvey (eds.), Mcbraw-Hill, 19g5. Section 2.6 isbased on-"Why People Think Computers Can't,"_i; et futagdzine, Fall 1982. Some of chapter30 was adaPted{rom my essay "Matter, Mind and Models'iin my book Semantic Information
Processing, MIT Press, 1968. Some of the ideas about definitions came from my booi Compu-tation: Finite and Infinite Machines, Prentice-Hall, 1967. The Hogarth quotations are fromThe Analysis of Beauty,1753. The Lavoisier quotation is from Etemints ofjhe*istry,17g3.
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INDEX

BoId type indicates new words, and old words used with new meanings. The names of "agents" are printed in italics.

A-brain, 59, 92, 229, 326
Abelson, Robert, 3Jl
abstraction, 91, 138, I97 , 203,248
absurdity, 277
accumulation, 120, lZ4-31, 143,

184, 194, 228-29,299, 308,
, 326

Ackley, David H., 319
Actor, 2l8,263, 268-69
Add,67, g7
addiction,68
adiective, 233, 241, 2ffi-67
administration, 102, l16, 308
adolescence,242
adult, 50, 171,248 see also

psychology
adverb, 266
aesthetic judgment: see style
affection, 37, 164, I72, 176, 280
agency,23, 25, 252, 326
agent, 17, 19, 73, 2r, 326

administrative, 74, 60, 102
difference ,239-41
frame-,246
origin of ,314
recognition-, 26

aggression, 53, l9l, 280,283,3M,
313

airport, 187
Allport, Gordon, 328
ambiguity, 208-9, 301-2

of thought,207,295
verbal, 104, 208,210-l l, 234, 274,

295
visual, 209,232,254

ambition, 19, 42, 4r, 177
amnesia of infancy , 2l-22, 27, 39,

128, 138, 154,172
analogy, ,7 , Ll6-I7, 238, 279, 299
AND-agent, 201, 214, 246
Anger, 43, 48, 163, 170-72, 176,

312-14
animal, 71,75,97 , lZ7, 164-65, 176,

t82.320
anthropomorphism, 318

anticipation, 62,286
anxiety, 176, 18l, 183
Appearance, 102-3, 106, lJ4, 179-

t80.244.316
apple, 198-201, 204-,
aptitude, 80, 164, 183
arch, I 19-24, 126, 133-34, 179-41,

147 -49, lBg, 209, 240, 726
argument, force of , 190-91,283
arithmetic: see number
ARPA, 324
array: see ftame-array
art, 27 , 41, 52, I84, 247, 258
Artificial Intelligence, 19, 74, IZ0,

204, 222, 244, Zr2, 323, 326
Asimov, Isaac, 24, 172, 325
assault, 182
association of ideas, 120,213
assumption: see default assumption
astrology,247
attachmen t, 44, 62, 94, 164, 17 I, 17 r-

176, lgl-97, 2gr, 3ll, 326
evolution of, 182
intellecfual, I84

attentioni 33, \El, z2l-24,.77-q, z5g-
295 " -'

Auden, W. H., 50
autism,297
avalanche effect, 167,208, Zl4
awareness: see consciousness

.&brain, 59, 92, l5l, 179, Zl2, 229,
280,326

Bartlett, F. C., 243, 253, 259-60,
272

beauty, 184,298
Beethoven, Ludwig van, 80
Begin,87
behaviorism, T5, 179
belief, 244,301-2,307
Bellugi, Ursula, 98
Berlin, lsaiah,244
bicycle, 82
Bierce, Ambrose, 55
biofeedback,66

biology, 20, I27, 153, 319
bird, 91, 127, 230, 248, 277 -78
birthday: see gift; party
blinking, time-, 240-41, 294
Block-Arch, I19, 126, I47 , lr7
blocks, world of ,20-26,29, )2-36,

72, 74, 80, 87, l19-21, rZ4, r39,
183, 209, 255,269, 325

boat, 289
Bochner, Salomon, 323
body-suppoft, 133; see dlso

representation
Boltzmann machine, 2lr, 3I9
bonding: see attachment
boredom, 59, 68, 104,283,286
boundary, 65,86, 133-34, I39,

183,247,252, Zgg, Zg0, ZgZ,
298-99

Bowlby, fohn, 176
box, 28, I47 -48, 228, 240
brain, 57, 6r, 66, l0Z, I 10, I 16, lr4,

180, 194, 242, 254, 298
architecture of, 26, 30, lll, 227,

3r0-t6, Jzr
cell: see nerve cell
convolution, 107, 317
cortex of,3l6-L7,321
iniury to, l16, 156, I94,288
robustness of, 107, l16, 3ll
size of, 321

brainstorming, 145
bridge, 73, l2Z, l3I, l88, 2ZZ
Brown, Roger,98
Buddha, 44-4r, 54, 97, I34, 184
Builder, 2l-26, 29, 32-36, 67,79,

87, 90, 129, 169, lgg, 217, 220,
255, 293, 297, 324

bundle: see nerve cell
bureaucracy, 34, 60, 102

C-brain,59
C-line, 2r9,330
Campbell, fohn W., 185
car,23,56, l l9,190, 199, 203,218,

252,277,303,717
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Carbonell, Jaime, 318
cat, 160, 209, 290, 3I0, 3lz
cause, 48,61-62,66, lZ2, lZ9,134,

!12, 176, lg7, 196, 224, 272,
239, 293, 297, 306_7 , 3]l3. 331

cell: see nerve cell
censor,_94,-96, 167, 179, l8?., ZZg,

275_90,309,327
suppression of ,276
see also suppressor

chain, 27, 48, 77, 134, 187-90, lg3.
. 2t2r224. 228, 230. 24t, 295, 302

chair, 52, 123, 126, li}-jI, l$:
154, 20I_j, 239, 245

Challenger, Professo r, 42-44, 48,
167,170,327

change, 232, 255-57
character, 45, 53, lBZ, 247
Charniak, Eugene, Z!g, Z74,727
chemical, 19,26,28,44, l l i , ZBi.

2 8 5 , 3 0 9 _ 1 0
chess ,  23 ,74 ,76 ,186
Chesterton, Gilbert K., 300
child: see development; infant
chimpanzee,720
choice: see will, free
circularity, 48, 50, 59, 64, 68, 75, 85,

192,20i,280, 333; see also
paradox

classification, 91, I l3, IZ7
clause, 2]2-33, 267, 271
Clynes, Manfred, 162, 3lz
cognitive unconscious, 178
coherence: see personality
color, 22, I09, I13, 198-99, ZII
common sense, 20-22, 29, S),72,

96, 127-29, lg7, lgg, 193,249.
z6t, 272. 274. 277 _78, 327

communication, I97, 274, ZZl, 234,
263,290,290,301

among agents, 61, 66, 67, 168,
799,220,315,320

among people,,1, 64, 66-67, 94.
l l2, l3l, 17l, 192,220,274.
235, 242, 270, 290, zg4, 297

community of persons, 25, 33, 46,
51, 66, 167, 236, 264, 267, 270,
272, 275, 277 , 294, 2gg, 309, 331

comparison, 94, 100-101, 103, 105,
I 10, I I 5-16, lg4, 224, 239_41.
279,294-9,

competition, 42, 106, 130, 166, 284,
297

comprehension: see language
compromise, 33, 94,106
compulsion, 183, 306
computer, 19, 29, 30, 63, 66, 72-7 4,

246.279.289
parallel, 20, 70, 124, 16I, l7t, 190,

Ig4, ZI4-15, Zg4,3l5
ser ia l ,  I90,224,7L
see also machine

concentration, 59
concept, I05, l79,2II
conceptualization, 105, 230-)l
concern, 2I8, 220-ZI, 234, Z4I, 262
conditioned reflex, 75, 120
Confined,100-103
conflict, among agents, ]2-j4,83,

95, 106, l16,  163, 191,210,245

334

confusion,_40, 58-59, 69, I5l, 174,
209,229

coniunction words, 271
connectedness. 202
Connection machine, ?IS, i,24. 3iI
connections, 84, 107, lli, 226

between agents, Zi>,84, Zlj
in brain, 226,7lS,3l7
random, 76,214-li,} l]>
weak, 86, 210

connector,2l5
conscience, 280
consciousness, 19, 29, 43, 51, 56_5g.

60, 69, l5l_r2, r54, 159_61. 196_
lg7, 249,257, 290, 320, 327

stream of, 51, l5l, ZS7
conservation of quantity, 99_101,

103_6, 167,179
consis^tency, 65, 193, 208, Zl0, 277,

304
containment, 28, 134, 147 -4B, ZZg,

240
context, 32,76, 122,207-lZ, ZZl,

223, 2Zg, 233, 259, 270,2gg. 327
continuity, sense of , 54, ZS4-j7
cooperation, 20, 33, 106, 164, 169.

284
copying, l l6,  138,289
correlation, I l2
counting: see number
cotsrage,3T
cowardice, j7

creativity, 63, 66,73, 80, l3j-34.
199,203,  236,327

credit assignment, 77
Crichton, Michael,256
Crick, Francis, 19
cross-exclusion, 166-7 I, Z0B. 327
cross-realm correspondence, 126,

l3I, l4?, 147, 2lg_lg, 2gr, 2gg,
327

cruelty, 278,280
crying, l7l
culture, 46, 50, 116, 164,167, l8l,

236,267,270, Zg9,30g
curiosity, 120
currency, 54, 126, 131, 283-84
cybernetics, 318, 323

d'Alembert, fean Le Rond, 79
Darwin, Charles. 104
death ,  41 ,4) ,127,  )17
de Beauvoir, Simone, 225
debugging, 58
deduction: see logic
default assumption, 86-87, 218,

223, 244-47, 261_65, 30t. 327
defense, 37, 164, l9l
definition, 39,79,97, ll3, IZ3, lg}-

lg3, lgg, 206, 229, 264. 270
functional ,71, 130-31, 2.99, 3ZB
structural ,  130-31, 331
see also description

demon, 245,274,327
dependency, 187, 228, 232
depression, 176, 182, 286
derision, 279-80
description , 23, I25, 127, I33, l3S,

143-45, 1 55, l6l, 203, 22g, 234,
241,245,265

functional, 123, 126, lig, I4Z
structural, llg, lZ3, 126, l?.g
see also definition

Destination, 218, ZZZ-27, 226, Zil,
246

destructiveness, 36
determinism, 306; see also will. free
develo^pm_e_nt, 22, 29, 32, 46,5b, 6g,gg, r02, 106, l 13_14, 164. 176_

183, 228, 312, 316; see als;o
stages of development

Dickinson, Emily,217
difference , 58,78,119, l2l, 148,

222, 232, 239_41, 295, Zg4, 313
-agent,298
between difference s, Zi7 -38

Difference-Engine, 78, 79, 17 S, Z3S-
2]6,240, 252, 306, 727

dimension, spatial, lll,ll4, lZ8-
r2g, 147,259

direction, spatial, 23, 28, 56, lI4,
147, 209,240, 249, 2rl, 256

direction-neme, 240, 249 -51, 256,
258,327

discornfort , 96.97
discouragement, 286
discourse, 2)7, 263, 272
disgust, 278,281
disposition , 177, 184,314
distraction , 37, 44, 52; see also

interruption
distributed memory, Ig4, Zl1>,226,

jlg,329
diversity, 194, 308
division, of mind, 85, 103, 199
dog, 125, 160, 197,203,277-79
door ,57 .258
doubt ,45 ,65 ,30 I
drawings, children's, I 35-38
drugs,44,68,285
dumbbell, I 16-17, 143. 305
Duplication Problem, 239-40, ZSg,

328

Eat,32-33,36
Edmonds, Dean,323
education, 75, 97, 106, 193, 229
eggs: see conservation of quantity;

Piaget, fean
ego,278,3M
Einstein, Albert, 17, 80, ll0,

319
Eliot, George, l7l
El iot ,  T.  S. ,  4I ,60
eloquence, 234
embryo, 41, 310, 315
emergency, l7l
emotion, 44, 62, 116-17, 162-65,

17 l-72, 277, Zg3-94, 312_14,
328

and intellect, 183-84
empathy, 63, )13
endurance, 286
energy, 79,166,283-85
enioyment, 95
escape: see containment
essence, 4I, l2I, 126,133, l?9,143,

lgg,236
estate: see ownership
ethics: see morality
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evidence, weighing of, 189, 20I-3,
2r5, 285, 3ll, 313

evolution, 17 -I8, 25, 66, I29, 133,
160, 308

nature of ,71, 3I7-18
of genetics,146,318
of human beings, 68,320-21
of humor, 281
of imagination, 80, Il4,299
of language, 242
of species, 76,310,318

exception, 22, 90, 9I, 96, 106, lZ5,
r43, r45, ZrZ, 278, 248, 277

penguin, whale, 127
Exception Principle, 127, 146, 328
exhaustion, 286
expectation, 62, I44, 186, 203, Z2l,

234, 238, 244, 247, 256, 2r8,
263,265,272,274

expertise, 72,74,80, 84, I37 , 157 ,
222,276

explanation, 23, 26-27 , 48, 49, 109,
122, lz9, l3l, 186, r89,224,
236.2?,8.259

exploitation, 41-45, 56, 78, 92, 163-
164, 168-69, 172, l74, l9r,2r5,
227 ,284,295,297, 328

expression , 44, 234, 240, 272, 296
facial, 44, 17I, 176,280,312
recognition of,313
verbal: seelanguage
vocal ,66,312
see also gesture

Exten t , l00- l0 l

face, 61, 66, 156, 176,254
recognition of, 3ll-13
see also expression

fact.84,702
Fahlman, Scott, 259
failure, learning from, 96, I75, I83,

191,279
faith: see doubt
familiarity, 229
family, 46, 167, 176, 184
fantasy, 42-44, 16), I70
fashion: see style
fatigue, 283
fear, 37, 97, 172, I75, I83, 214, 313,

3r7
feature, 135-36, 144, 201, 245, 247
feedback, negative, 167
feelings, 30,62,84,95, I l7, 163,

l7z, 183,281,286
mixed,95
negative, 95, I48, Z79,3lZ
positive, 95-96, 279, 3IZ

fighting, 33,I9I
Find, 22,87,217
finding machine, ZI7, Z2l,223
force: see argument
Fox, Ralph, 323
frame, 244-50, 252, 254, 257, 259,

294,320,328
-^rrey, 2r5-r9, 27 I, 328
party,261,264
picture-, 250-51, 756, 330
story, 265
subframe, 250, 262-63, 267

frame-system,259

Fredkin, Edward, 52
freedom: see will, free
Freud, Sigmund, 19, 68, lI4,178,

t8l, 183-84, 277, 277 -79, 726
friend, 46, 53, IZ0, I7Z, 184, 279,

28r,303
fringe, of K-line, 86-88, 298
frontier effect, lJ8
frustration , 36, 53,78, 97 , 104, 147
functional autonomy, 38, 165, I77,

281,328
furniture, 124, 13I, 153, 157, 16l,

203.239.296

Galileo, 20
gambling, 208,210
game, 29, 17, 130-71,147

hfe as,278
gene, 26, 7 l, 104, I 13, Z4Z, 269, 709-

371; see also heredity
generalization, I I?, lZ0, 127 ,203,

228, Z4r,248
General Problem Solver, 78
generate and test, 73-7r,105, 186,

3r8,328
generosity, 293
genius, 80, 328
geometry,  74,96,110, 143, 148, 301
gerrymandering, 95
gestalt: see holism
gesture, 94, ZZZ, 280, 296

recognition of ,312-13
G e t , 2 5 , 6 7 , 8 7
gift, 261-62, 264, 274, 293, 295
Gleason. Andrew. 323
goal, 29, 67 ,75-79, 88, 142-43, 164,

174-77, 222, 252, 283, 308, Jl8,
327; see also Difference-Engine

disrupted bv pain, 37
disrupted by pleasure, 37
nature  o f  .22 .78
progress toward, 73
subgoal, 76,95, 174-77
ultimate, 33,48-49,68

Godel, Kurt, 19
Goldstein. Ira.259
Gombrich.  E.  H..  150
gorilla, 320
grammar, 65,160, 186, 197-98,217-

218, 227, 2]0-36, 242, 2r9, 263,
266-69

-tactic, 235 -36, 263, 270-72, 27 8,
329

Grasp, 20-ZZ, 29, 87, ZZA-ZI
grief ,162,281
gui l t ,46,  l8 l ,  278

Haase, Kenneth, 82
hallucination, 88, 169,251; see also

simulus
hand-chan ge, ll9 -22, 147 -48
happiness, 97
Harvard University, 323
hatred, 162,164,I7Z
height, 238,295
helplessness, 183
hemisphere, 116; see also brain
heredity, 19, 26,l l5, 146, 164, 176,

rg4, 242, 299, 309-10, 314-15
heroes,80, 184

Herrick, Robert, 298
heterarchy,35
hierarchy, 34-35,89-91, 94, 107 ,

r25, ZrZ,308,320
hill-climbing,74
Hill is, Daniel, 331
Hinton, Geoffrey E., l19
History, 102-3, 106, 179-80, 316
Hobbes, Thomas, 257
Hofstadter, Douglas, 203, 377
Hogarth, William, 258
hol ism, 25,27 ,28, 65,254, 287 ,290,

292,319,328-29
hologram, 328
homuncul:us, 49, 329
Hopfield, fohn, 319
horizontal , lZ8, 147, I49
House-Builder, 87 -88, l79
human nature, 53,l7l, )I0
Hume, David, 64,I55
humor, 183, 278-81; see also joke
Hunger, 166, 168, 286, 3I4
hunting, 91, 208, 210,278

idea,66,204
ideals, 39, 40, 45-46,68, 164, 172,

174-77. l8l. 107
identity, 51, 54, 182, 299

duplication of ,289
personal, 39, 82, 289-90

illusion, 170,247
image, 135,294

mental, 243, 247, 253, 257 -60
of self: see self-image
visual, I70, 243, 249, 253, 255

imagination, 75, II4, 147, I55, 163,
170, r99, 204-5, 251, 257

imitation, 138
Immanence lllusion, Ir5, 257, 286
impat ience, SS,160
implication, 187
imprinting, 176, l8Z
inconsistencv, lZ7 , 277
indecisiveness, 166
independence, l28
individuality, 39, 46, 51, 53, 65,76,

80, 176, 183, 2rr-r2, 243, 270,
284, 289, 299, 308-9. 3r4

inertia, 283
infancy, 326
infant, 21, l lZ, 164, l7I-72, l8l-82,

224, 296-97, 312, 317 ; see also
child

infatuation, 182, 28I
inference: see reasoning
inheritance: see heredit,v
inhibition, 59, 148, 166-67,208,

246,275-76; see also censor;
cross-exclusion

iniury: see robustness
innateness, l04,3ll; see also

instinct; predestined learning
insight, 63,66, 128, 133,160,299
inspiration, 163
instinct, 68, 164, 181, 308, 3I3, 3I7
Instrument, 222-23, 270
insulation, 319
intell igence,23,7l, 80, 172, 178,

r83, 229, 308-9, 329
of animal or plant,  7I ,76
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intention, 79-88, 130, l4Z-43, lg6.
196,224,233, 318; see also soal

interaction , 25-28, 48, 56, gl, l-Zg,
749, lgg,2gg, 7rg_20, 727.32.g

-square, 149,249, 329
interest, 45, 120,241, 286
interruption, 33, 135, l3g, lj3, Ir7 _

16I, 224, 231_33, 269, 271_72.
320,329; see also memorv.
control of; recursion

intonation,2T2
introiection, l8l
introspection, 29, 58, 60, 178, 196-

197,276,329
intuition, IZB.329
Investment Principle, 146, 168,

lg0,  lg3,  222,329
isonome, 198, 227 -28, 235, Z4l, 248,

259,316,329
rT,221,224

jealousy, l9
fohnson, Mark, 330
fohnson, Samuel,  19,  50, 62,I l3,

l 2 z , l g 5
joke, 19, 183,201, 273,278-80

as frame-shift,278
repetition of, 281

iov,162
foyce, fames, 108

K-line,60, 82, 83, 84-90, 92, 158,
lgg, 200, 205, 2Il_13, 215, 245_
246, 251-52, 259, 314, 3Zg

-tree, 91,320
temporary , 226, 240

kite, 86-90, 259, 261, 274, 293_95
knowledge , 57,74,92, lZ0

about knowledge, 100, 103
generality of ,72, 87, 89, 165, 177,

301
nature of,23, I54,303
organization of, 90, I42, 193,222,

292,302
Kuhn, Thomas. 140

Lakofl George, 330
language, 2A, 57 , 66-67 ,84, 88, 109,

l l3 ,  l16 ,  l3 l ,  159-60,220,z ] . r_
276, 241,299, 309, 320

agencv, 197 , 205, 207 , 223,233-
234,266-67,  Z7r ,29 '

compared with vision, 209, 2j2,
269

comprehension of, 84, 86, 160,
200, 207, 217, 220, 233, 234, 261 _
265, 269, 27r-72, 274

functions of ,79, 197-98,204,266,
270-72

learning, 174, 184, 197-98,242,
267,270-7r

origins of ,242,269-70
phrase, 197, 217, 232-34, 265, 267 -

268
psychology of, 196, 207,212,231-

732,294
"re-duplication" theory, 235 -36,

294,331

336

sentence, 186, 208, 2l0, ZlB, Z3Z_
233,235, 246, 26r_63, 266_69.
294_95

speech,2 l2 ,242
word order, 266-67, 268

- see a/so grammar; meaning
lateral thinkine, 145
laughter, 279:80. i14
Lavoisier, Antoine, 173
layer,  92,107, l12,  l l5,  180, Zl5
learning, 68,77,92, 120, lZ8, 177,

16g, 200, 203, 214, 2rg, 277.
329

attachment-based, 175
from fai lure,96, l75,  183, l9 l ,

279
predestined, I15, I79,242, Z5S,

271,311,3r3 .316
to learn, 7r, 80,97, 177, 229, 709
transfer of.106.229

Lefshetz, Solomon, 323
left brain, 116-17,290
Iegal  code, 33,50,65, 167,302
Lenat, Douglas, 318
level, 87, 170

of aspiration, 9l
of description, 26, 292, 3I9
of detail, 59, 88,90-91, lLZ,I2l,

224
of organization, 72,77 , 174, 2lZ,

292
visual processing, 170, 209

level-band, 86, 87, 90-92, 203, 2IZ-
213, 270, 247_49,3Zg

Lickl ider,  I .  C. R.,324
life, nature of, 19, 28,30, 42,309,

317
lifting, 128
l ik ing,  52,7r,94,97
literature, 247,298
location, Il4, 129, ZZL, 249-51, 265
locking-in , 166,210-l I, 245, 254
logic,  39,72,74,96, 100, I16,  184-

rgg, rgz, 2]0, 249, 277 -79, 3Zg
Look-for,220
Lorenz, Konrad,93
love, 37, 162, l8l-83, I93, 284, 298
lying, 277,302

machine, 63, 109, 160, 163-64,I94,
283.288.323

limitations of, 19, 30, 4I, 63,72,
185-96, 205

nragnitude, l9l, 284-85
management, 77, 80, I 16, 179-80,

321
middle-lev el, 102-3, 220

mapping, of space, l12
nrathematics, 19, 79, 65,72, 96, 97 ,

rr0, 127, lgg, lgz-97, zg4, 296,
701; see a/so number

maturation, 180
McCarthy ,lohn, 323
McCulloch, Warren S., 'J9, 184,

j23 ,326
meaning, 54, 64, 67, 88, 130-31,

192, 196, 204, 206, 209, 210,
234, 236, 241, 293-94, 301

meditation.63. 145

I N D E X

Melnechuk, Theodore, 47, l3Z, Z8Z
memorizer,200, 215, 252, 3lg, 3Zg
memory, ZI, 35, 43, 54, 60,7r,82-

gg, 120, 154_56, 16g,Z00,z5z,
288.32r.329

amount of ,276, j l6
control ol 158-59, lg7,ZZ4,ZZ7,

230.23r,248
duration of,153-54, 16l. l8Z
long term, 46,68, 153,156, 158,

rgg,226
micro-, 157-61,330
of memories, 89, 90,92, lS4
photographic, 153, 156
rote, 64.223
short term, l5l-60, 166,lg7-g1,

224-26, 230, 233_34, 257, Z7g_
290,320

see also amnesia of infancv:
interruption

mental state, 82, 84-85, l5l-53,
lg2, 204, 266, Zg0, 2g7 _gg, 306,
330-3r

partial, 85, I I l, 213, 215, 2I7,
234.239.330

total, 85
nretaphor, lI4,122, 126,143, lgI,

231, 269, 279, 2gr, 2gg_gg, J20,
327,330

of space or time, 295
Michalski, Ryszard, 318
Micro-memory: see memory
microneme,2ll-12, 2I5, 274, 3L7,

330
Mil ler ,  George A.,3Z]
mind, 72,287,289,290

and matter, 19, 28, 55, 287 -92
nature of, 28, 159, 287-88
overlapping,290

mind's eye,170
Minsky, Marvin, 327, 330
mistake, 97 , 125, I35, 146,275,277,

279.28r.  ]08
MIT (Massachusetts Institute of

Technology), 29, 82, 259, 27 4,
324

Mitchell, Tom. 318
model, l8l-82, 303,330

mental, 303
of model, 304
of model of model, 305
of personality, 176
of self, I8l, 103, 305
of world, 110,256,304

money: see currency
mood, l7l-72
Mooers, Calvin, 214, 327
moon, 233-34
morality, l8l, 184, 26r-66,302
More: see Society-of-More
motion, ll4, 255-56, 258, 312-13
motivation ,97, 163, 168, 177, 196,

232, 297, 296, 305
mourning, 176,182,28I
mousetightness, 28
Move, 20, 22,29,90, 148, 220-2I,

240
music, 64, 68, 84,97 , 116, 294
mutation, 146, jl}, jl7
mystical experience, 65, 257



Names,6 l
narrative, 265, Z7Z, 274
Nash, lohn,323
nearness, 100-12, 129, 183-84, 296
neatness, 53,65
neme, ZI?.,24r, 259, 266-67 ,29r,

130
nerve cell, 19, 25, 30, 107, I 10-12
Newell, Allen, 76, 78, 2r9, 29I
Newton, Isaac, 20,104
No-Loss, 179
nome, 330
Non-Compromise Principle, 33,

83 ,85 ,  102,  166,  330
nonsense, 266, 277 -78
noun, 88,2]2,266-67
novelist: see personality
novelty, 57,250
novice, 145
number,  30,  59, 62,65,99, 103, 120,

135-36, 139, 183, l9Z-93, 285

object, I05, 134, 199, 232, 247, 254,
268,287,296,304, j l l

obiectivitv , 27 , 88, I55
obstacle, 78,79, I47-48, I77 , 222,

224,295
odor, recognition of, 176, 3ll-12
Oedipus Complex, l8l
oNR,324
operant conditioning, 75
opposite, 37, I0I, lI7, 172, Z4I
orangutan, 320
Origin, 218, 222-23, 726, 230
originality: see creativity
ownership , 219,293, 295

Packer,159, 16l
pain,37 ,97, 286,312
Papert, Seymour, 29, 102, 106, 180,

202.324.330
Papert's Principle, l0Z, 180,297,

308,316,320,330
paradox, 35, 50, 65, 183-84, 192-97,

277 , 304-5; see also circularity
parallel: see computer
paranome, 294, 299, 120, 730
paraphrase, 236
parent, 68, 106, l7l-72, I75, 177,

179, l8 l -82,242
fos ter ,182

partial: see mental state
party, Zr9, 26l-64,296
passiot ' t ,  62,163,172
Pauli, Wolfgang, 193
Pavlov. Ivan, 75
peer pressure, 182
Perceptron , 202, 214-Ir, 330

linritations of ,202
personality, 27, 43, 4r, 46, 53, 68,

155, 174, 176,308,314
accumulator, 125, 184, 244, 314
coherence of, 46, 57, 164, 174,

176, l8 l ,290,294
novelist, 26,I45, 184
reductionist, 26, 145, 184
uniframer, 125, I84, 244, 314

perspectiv e, 134, 254-58, Z9Z, 308
plrilosophy , 50, 6r, 167, 193, 288
phobia, 183,203

phoneme, 242,312
ir,i"r.' sein language
physics, 20, 26, 60, 296, 299, 3ZZ
Piaget, |ean, 19,99, 102, 104, 106,

I 14, 138, 178-79, 237, 2r8, 716
picture-frame see frame
Pitts. Walter. 19
planning, 20, 29, 34, 77, 42, 45, 67,

7 5 , 8 8 , 2 7 6 , 2 9 6
play, 21, 29, )7-)3, 36.72, 87 , l3l,

270
pleasure, J7 , 68,75,94-97 , 280, 284
plot, of story, 272, J22
Poe, Edgar Allan, 23,186
poetry, 298
point, mathenatical, l l0, l12
Pollack, fordan, 210, 330
polyneme, 198, 20A, 204, 208, 210-

zl2, 223-28, 235, 246, 259,266,
27r .295.  ]30

Pope, Alexander, 5l
practice, 106,I20, 137
predestined learning, 104, Il5, 179,

242,2r5 ,271,31 j ,316
prediction , 29, 52, 53, ,9, 62,75,

rz9, l7z, 177, 224,232,238,
245, 280.296

of self, 303
preposition , 2I8, 268
pr ide,97
Princeton University, 323
priority, 83, 100-101, 166, l7I,Zl0,

286.298
problem solving, 29, 71, 7J-75 , 77 ,

95 ,  l3 l  ,  144-45,153,  160-61,
163-65, 177, 186. 222, 270-7r,
236, 276,286, 298, 3 l8

pessimistic strategy, 148
prodigy, 156, 3ZB
progress, 73, 92, 16l, 17 4
Progress Principle, 74
prohibition , 275, 278
pronome, Zl7 -28, 230, 233, 240,

246,251, 259, 268-7l, 370
pronoun, 198, 217-18, 220, 214,

262.268.274
pronuncia tion, 235, 242
property, 128-29, 199-205, 2l l,

268
protein, 146, 309
proto-specialist, 163-68, 17 l-72,

308, 312, 3t4,330
prototype, 182
Proust, Marcel, l18, 148, I70,247
psycholog.v, 21, 26, 50, 51, 6j, 84,

rz0, 164, r79, 187,204,239,
244,3r8,322, ]26

adult, 104, 135, 17l-72, 242, 280-
z8l,296-97

behavioral  .75.  275-76
of crowd, 172
of education, 193
of language, 198
popular, 283

pubertv, 242
punishment, 77, 96, 97, 183
purpose, 42, 88, I30, 139; see also

goal; intention
P u t , 2 5 , 6 7 , 8 7
Przzle Principle, 7 3, 174, 730

quality, of sensation, 109-13, 198
vs. quantitv, 186

quantit-v, 100, 105, 186,783-85; see
also conservation of quantity

question, 233-)4, 267 , 303-5

rage, 17l-72
RAND Corporation,324
randomness, 73, 76, 203, 214, 306-

307 , 331; see also uncertainty
Rashevsky, Nicholas, 323
rationality, l l6, 163, 184, l9l
re-duplication, 23 5-16, 331
reading, 54
real i tv,  58,  59, 64,112,155, 199,

204, Z3l. 247, 251, 257, 304, 1,07
sense of ,  89.91. l l0

realm of thought , 51, 126, 141, 287 ,
292-93, 295, 298, 302, 308, 330

format ion of  ,297,311
phvsical, 293-94,296
possession al, 793-94
ps,vchological, 287 , 293, 297
social, 296-97

reasoning, 100, 124, 163, 182-84,
186-87, 189-90, 197 , 218, 222,
228, 230,278-80, 302

bv analogy, 238
from stereotypes, 248
see also chain

receiving-agent, 214
recognition , 22, 61,75, 89, l l4, I44,

z} t .244-45.252,774
of thoughts, 205

recognizer , 202-4 , 208, 214-1, , 229 ,
2 5 2 , 3 1 1 , 3 1 9 , 3 3 0

recollection, 134,251
recursion, 58
Recursion Principle, 16l, I97, Z3l,

268, 320,330; see also
interruption

reductionism, 23, 25,26 see also
personalitv

reflection, 231
reformulation, 120, 123,133, l4l,

144-45, 154, 186, 189, l9 l ,  210,
236,299,331

regression, 174, I78, 308
reinforcem ent,75-76, 96; see also

reward
rejection, 176, l8l, 281
relationship, 182, 20I, 240, 252
religion, 41, 45, i0, 65, 127 , 167 , 307
remernbering: see memory
remorse, 94
representation, 222, ZZ4, 232, 238,

244, 248, 272, )01, 320, 327, 331
bodv-support,22, lZI, I34, 139,

l4l-43,146, l9l
of action, 177, 226, 230, 237
of common sense, 72, ZZ9
of differen ces, 239, 24L
o f g o a l , 7 9 , 8 8
of space, I34, 138, I57, 250
of state of mind, 196, 204, 230

repression: see suppression
responsibilitv, 302, ]07
Reversible, 100, 103, 179-80
reward, 68,75-77,94,96-97 , 174-

176. l8l. 284-85
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rhythm, 272,278
ridicule: see derision
right brain, 116-17, 290
ring-closing, 205, 208, ZI0, Zl5, 3lg,

327
robot, 29,259,324
robustness , 107, 116, 178,189-91,

lg3-94,209, 309, 3ll, Jlg,33l
Roget, fohn L. ,I97,206
room, of house, 249-50, 256, 2r8,

290,314
Rosenblatt, Frank, 202
round square, 58, 85, 266

safety, l8l
Sapir, Edward, 270
satisfaction , 78, 94, 95, 97
Schank, Roger, 2I9,259, Z6j,293,

3) l
Schnabel. Arthur. 52
school: see education
script, l]7, 157, 220, 222-23, 228-

230,264,274,331
security, 174,176,l8I
See, 22, 29,76,90, I59, 255
sel f ,  40-41 ,54,56, 164,I74, ZlZ,

281,306, ]31
-awareness, 29, 56, 59, 63, lr2,

160
-centeredness, I 14, 177
-confidence, 183
-control, 36, 42-45,68, 172,26r,

306
-ideal: see ideals
- image, 39,45,53,306
-knowledge,53,68, 301
-ridicule, 280
as conservative,42
as homunculus, 49, 305
as pyramid of prior selves, 174
as single agent, 39, 5l
as society of agents, 20, 165

self-evident. 27 . lZ8
self-modifying processes, 288
self-respect, 30, 4I, 314
Selfridge, Oliver, 126, 209, 327
sensation. 109. l l3

intensity of, 105, l l3, l7l-72,240
qual i ty of ,  l l0- l l ,  l l3
similarity of, l l0, l lZ,116

sensibility, 163
sensor,  37,  l I0- I4,  I29,157,765,

170, 204, 240, 254, 295, 3ll, J3 I
inside brain, I51,240

sentence: seelanguage
separation: see anxiety; attachment
serial: see computer
sexuality, l8l-82, 278, 280-8I, )I4
Shakespeare, William, 80, I82, 214
shame. 42, 46, 175, l8l-83, 278, 280
shape, 22, l l0, l l2-I3,124,129,

133, r70, 192,249
Shapley, Lloyd,727
Shaw,  ] .  C . ,  72 ,78
Shelley, Percy Bysshe, 28
Short ,101, 105
Shubik. Martin. 323
signal, 49, 56, 57 , 67 , I13, 196
significanc e, 207 , 215
Silverberg, Robert, 265

338

simi lar i ty,  64,  82, 105, l l l -13,  l16,
r22, 126, lg7, 209, 241, 290, 301

of human individuals, 309
of sensations, I l0

Simon, Herbert A., 72, 78
simulation , 28, 33I
simulus, 169-70, 204-5, 209, 251,

33r
single-agent fallacy, 40, 49, 5I, 302,

73r
size of obiect, 22, Il0, IZ9
Skinner. B. F.. 75
Slagle, lames,72
Sleep, 32-33, 36, 43, 163, 314
smell, sense of, I13, 240, 288, 298,

310- l  I
smile, 171,296
Snarc, 76,323
social insects, 76,165
society, 331
Society-of-More, 99-105, I I 5, 139,

l4g, 170-90, 2)9, z4r, 316, 331
Solomonoff , Ray, 323
sorrow, 97
sou l .41 .  307
space, 22, ll0-14, IZ2, I47 , 183,

lgg, 2lg, 231, 269, 294, 297 ,
299; see a/so dimension;
direction; perspective

Spat ia l ,103, ]16
speech, 20,312

by primates, 320
see also language

spiral computation, 92, 212
spir i t ,  41,307,7I4
square, recognition of ,I44

round,58 ,85 ,266
St. |ohn, 196
St. Matthew,146
stages of development, 92, 164, 167,

174, 178-90, 309, 3r2,320,731
end of, 180
prerequisite for, I79

starvation, 286
state: see mental state
stereotype, 125, 244, 301, 314
story, 26I, 263, 265, 272, 274

frame, 265-66
stranger, child's reaction to, 175-

176,244
strength,  3) , I34,190
structure and functi on. 88, 222
stupiditv, 278-79
style,27,52-13, 129, l4l, 184,264
subaccumulation, 126
subframe, 250, 262-63, 267
subgoal ,  76,95, 174, 177
subjectivity, 27 ,84, 88, 261
sublimation, 177, 184
submissiveness, 3lZ
subproblem, 74, 77, 95, 16l
success, 68, 7 5-77, 94-97, 17 4-76,

l8 t ,284-95
suffering, ]7 ,97,278
summary, 58, 84, 94,95,170-71,

186, 207, 295, 292, 302
superego, 278
superstition, 232
supervisor,  37,  34, 59, 60,77,95
support: see body-support

suppression, 94, 17 l, 17 4, 278-79,
302,304.307

suppressor, 96, 167, 179, 27 5-76,
279-80,331; see also censor

surprise, 247,258
survival instinct, 317
sympathy, 171,296
syntax: see gtammar

table, IZ2, 124, 134, l4Z-43, 157,
lgg,  z l7,250

taboo, 96,183,275
tactic: see grammar-tactic
talent. 80, 183
TaII, I0I-2, l0r, 179, 316
TaIIer,238
taste, sense of, I I j, 176, I99, 204,

251,285
teacher, 92,106, I7Z, I74,183-84,

193,229,236,242
teacup, 20
teleologist, 318
temptation, 307
terminal, 246-47 , 250-52, 255, 257 ,

262, 265,269, 277, 329
of frame,245
sharing of,255-58

Th in ,101-2 ,  105,  179,  316
thinking, 56-58, 64, 69,75, 88, l3l,

r59, 236, Z3g, zffi , 272, 275, 294
about thinking, 22, 61, l5l
pessimistic, 148
speed of,67,244,757

Thinking Machine Corp., 324
Thirst, 20, 165-66, 168-70, 177
thought experiments, 58
t ime,4l ,  60,  l l0,  154, 188, 244,256,

287,299
"once upon a time," 265
sense of, 6l-62, 87, 88, l5l-r2,

207.2t8,257
trajectory, 312
value of,284,286,302

time-blink ing, 240-41, 294, )31
Tinbergen, Niko, 330
toothache, l l3
touch, sense of  ,29,110-14, 176,

286, 288
tower, 2I, 22, 27, 77, 79, 87, I20,

lz8-29,160, 230
stability of,128

toy, 21, 29, 74, 91, I 19, 160, 261-62,
296,303

trait, 27, 53, 272, 296, 314
trajectory, 35,l l4, 187,219, ZZ2,

224, 293-94, 296, 3lZ, 2Zl
-type, 3lZ-Ij, 315

Trans-fram e, 120, 219, 2ZZ-24, ZZ7,
230, 246, 251, 263, 267, Zg3,
331

trans mitti n g- agent, 214
trauma, 194

intellectual, 182-83
physical, 182

tree: see K-line; knowledge
trial and error, 73; see also generate

and test
Tucker, Albert, 323
Tukey, lohn,323
Turing, Alan, 19
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uncertainty, 247 , 277 , 287 , 30I-2,
307

unconsciousness, 33, 63, 68, lr3-
154, 178, l8l, 196-97, 286, 331

uniframe, 120-21, 124-27, 173, 142,
184,203,228,299,33r

Uz, biblical land of ,265

values: see ideals
variations on a theme. I4I,203
Vehicle,2Z2,246
verb, 88, Zl8, 232, 267, 266, 269

phrase, 269
vertical, l0l, 128, l4l,143, I49
vibrations, psychic, 314
Vinge, Yernor,327

vis ion,  22,29,35, 109, 154,209, Z5I,
254,269; see also See

vocabulary , 242, 270
voice,  61, 109, l7I ,176

recogni t ion of ,3 l l -13
volition: see will, free
Vonnegut, Kurt, 38
von Neumann, fohn, 19,723
von Uexktill, |akob, 165
Voyat, Gilbert, 106

walking, 20, 51, 56, 63, 69,75,
t49

wall,250,292
Waltz, David, 210,330
want ing,  7r,79,94, 238

water jar experiment: see
conservation of quantity;
Piaget, fean

Watson, fames, 19
whale, 127
wholes and parts: see holism
Wide. l0 l .  105
will, free, 42,302, j06-7,331
Winograd, Terry,259
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