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mental phenomena (which is the same as saying that not all have
cognition or cognitive processes). Some organisms have both behav-
jor and cognition. Some have intelligent actions but no mind. No
organism seems to have mind but no action.

My view then is that having a mind means that an organism forms
neural representations which can become images, be manipulated
in a process called thought, and eventually influence behavior by
helping predict the future, plan accordingly, and choose the next
action. Herein lies the center of neurobiology as I see it: the process
whereby neural representations, which consist of biological modifi-
cations created by learning in a neuron circuit, become images in our
minds; the process that allows for invisible microstructural changes
in neuron circuits (in cell bodies, dendrites and axons, and synapses)
to become a neural representation, which in turn becomes an image
we each experience as belonging to us.

To a first approximation, the overall function of the brain is to be
well informed about what goes on in the rest of the body, the body
proper; about what goes on in itself; and about the environment
surrounding the organism, so that suitable, survivable accommoda-
tions can be achieved between organism and environment. From an
evolutionary perspective, it is not the other way around. If there had
been no body, there would have been no brain. Incidentally, the
simple organisms with just body and behavior but no brain or mind
are still here, and are in fact far more numerous than humans by
several orders of magnitude. Think of the many happy bacteria such
as Escherichia coli now living inside each of us.

ORGANISM AND ENVIRONMENT INTERACT:
TAKING ON THE WORLD WITHOUT

If body and brain interact with each other intensely, the organism
they form interacts with its surroundings no less so. Their relations
are mediated by the organism’s movement and its sensory devices.

The environment makes its mark on the organism in a variety of

ways. One is by stimulating neural activity in the eye (inside which is
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the retina), the ear (inside which are the cochlea, a sound-sensing
device, and the vestibule, a balance-sensing device), and the myriad
nerve t'erminals in the skin, taste buds, and nasal mucosa. Nerve
terminals send signals to circumscribed entry points in the brain, the
so-called early sensory cortices of vision, hearing, somatic sensa-
tions, taste, and olfaction. Picture them as a sort of safe harbor
where signals can arrive. Each early sensory region (early visual
cortices, early auditory cortices, and so forth) is a collection of
several areas, and there is heavy cross-signaling among the aggregate
of areas in each early sensory collection, as you can see in Fig. 5-1.
Later in this chapter I will suggest that these closely interlocked

sectors are the basis for topographically organized representations,
the source of mental images.

Figure s-1. A simplified diagram of some interconnections among the “early visual cor-
tices"(V1, V2, V3, V4, Vs) and three visually related subcortical structures: lateral
geniculate 'nucleus (LGN); the pulvinar (PUL) and the superior colliculus (coll). Vi is
also known as the “primary" visual cortex, and corresponds to Brodmann's area 17.

Note that most of the components in this system are interconnected by feedforward and

feedback neuron projections (arrowed lines). The visual input to the system comes
from the eye via the LGN and colliculus. The outputs of this system arise from many of

the components, in parallel (e.g., from V4, Vs, and so on), toward cortical as well as
subcortical targets.
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In turn, the organism acts on the environment by means of move-
ments in the whole body, the limbs, and the vocal apparatus which
are controlled by the M1, M2, and M3 cortices (the cortices in which
body-aimed movements also arise), with the help of several subcorti-
cal motor nuclei. There are, then, brain sectors where signals from
the body proper or the body's sense organs arrive continuously.
These “input” sectors are anatomically separate and do not commu-
nicate with one another directly. There are also brain sectors where
motor and chemical signals arise; among these “output” sectors are
the brain stem and hypothalamic nuclei, and the motor cortices.

An Aside on the Architecture of Neural Systems

Pretend you are designing the human brain from scratch and
have penciled in all the harbors to which you would ferry the many
sensory signals. Would you not want to merge the signals from
different sensory sources, say, vision and hearing, as rapidly as
possible so that the brain could generate “integrated representa-
tions” of things simultaneously seen and heard? Would you not
want to connect those representations to motor controls so that the
brain could respond effectively to them? I assume your answer is a
resounding yes, but that has not been nature’s answer. As a land-
mark study of neuronal connections by E.-G. Jones and T. P. S.
Powell showed, some two decades ago, nature does not let the
sensory harbors talk to each other directly, and it does not permit
them to talk to motor controls directly either.! At the level of the
cerebral cortex, for instance, each collection of early sensory areas
must talk first to a variety of interposed regions, which talk to
regions farther away, and so forth. The talking is carried out by
forward-projecting axons, or feedforward projections, which con-
verge to regions downstream, which themselves converge to other
regions. '

It may seem that these multiple, parallel, converging streams
terminate at some apex points, such as the cortex nearest to the
hippocampus (the entorhinal cortex), or some sectors of the pre-

frontal cortex (the dorsolateral or ventromedial). But this is not
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quite accurate. For one thing, they never “terminate” as such,
because, from the vicinity of each point to which they project
forward, there is a reciprocal projection backward. It is appropriate
to say that signals in the stream move both forward and backward.
Instead of a forward-moving stream, one finds loops of feedfor-
ward and feedback projections, which can create a perpetual
recurrence.

Another reason why the streams do not “terminate” in the proper
sense is that out of some of their stations, especially those that are
forward placed, there are direct projections to motor controls.

Thus communication among input sectors and between input
and output sectors is not direct but intermediate, and it uses a
complex architecture of interconnected neuron assemblies. At the
level of the cerebral cortex those assemblies are cortical regions
located within varied association cortices. But intermediate com-
munication occurs also via large subcortical nuclei such as those in
the thalamus and basal ganglia, and via small nuclei such as those

in the brain stem.

In short, the number of brain structures located between the input
and output sectors is quite large, and the complexity of their connec-
tion patterns immense. The natural question is: What happens in all
those “interposed” structures, what does all that complexity buy us?
The answer is that activity there, together with that of the input and
output areas, momentarily constructs and stealthily manipulates the
images in our minds. On the basis of those images, about which I will
say more in the pages ahead, we can interpret the signals brought in
at the early sensory cortices so that we can organize them as con-
cepts and categorize them. We can acquire strategies for reasoning
and decision making; and we can select a motor response from the
menu available in our brain, or formulate a new motor response, a
willed, deliberated composition of actions, which can range from
pounding on a table, to hugging a child, to writing a letter to the
editor, or to playing Mozart on the piano.

In between the brain’s five main sensory input sectors and three
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main output sectors lie the association cortices, the basal ganglia,
the thalamus, the limbic system cortices and limbic nuclei, and the
brain stem and cerebellum. Together, this “organ” of information
and government, this great collection of systems, holds both innate
and acquired knowledge about the body proper, the outside world,
. and the brain itself as it interacts with body proper and out-
side world. This knowledge is used to deploy and manipulate mo-
tor outputs and mental outputs, the images that constitute our
thoughts. I believe that this repository of facts and strategies for their
manipulation is stored, dormantly and abeyantly, in the form of
“dispositional representations” (“dispositions,” for short) in the in-
between brain sectors. Biological regulation, memory of previous
states, and planning of future actions result from cooperative activity
not just in early sensory and motor cortices but also in the in-
between sectors.

AN INTEGRATED MIND FROM PARCELLATED ACTIVITY

One common false intuition shared by many who enjoy thinking
about how the brain works is that the many strands of sensory
processing experienced in the mind—sights and sounds, taste and
aroma, surface texture and shape—all “happen” in a single brain
structure. Somehow it stands to reason that what is together in the
mind is together at one place in the brain where different sensory
aspects mingle. The usual metaphor has something to do with a large
CinemaScope screen equipped for glorious Technicolor projection,
stereophonic sound, and perhaps a track for smell too. Daniel Den-
nett has written extensively about this concept which he dubbed
“Cartesian theater,” and has argued persuasively, on cognitive
grounds, that the Cartesian theater cannot exist.2 I too, on neuro-
scientific grounds, maintain that it is a false intuition.

I will summarize here my reasons, which I have discussed else-
where at length.3 My main argument against the idea of an integra-
tive brain site is that there is no single region in the human brain
equipped to process, simultaneously, representations from all the
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sensory modalities active when we experience simultaneously, say,
sound, movement, shape, and color in perfect temporal and spatial
registration.

We are beginning to glean where the construction of images for
each separate modality is likely to take place, but nowhere can we
find a single area toward which all of those separate products would
be projected in exact registration.

It is true that there are a few brain regions where signals from
many different early sensory regions can converge. A few of those
convergence regions actually receive a wide variety of polymodal
signals, for instance, the entorhinal and perirhinal cortices. But the
kind of integration those regions can produce using such signals is
unlikely to be the one that forms the base for the integrated mind.
For one thing, damage to those higher-order convergence regions,
even when it occurs in both hemispheres, does not preclude “mind”
integration at all, although it causes other detectable neuro-
psychological consequences such as learning impairments.

It is perhaps more fruitful to think that our strong sense of mind .
integration is created from the concerted action of large-scale sys- -
tems by synchronizing sets of neural activity in separate brain re-
gions, in effect a trick of timing. If activity occurs in anatomically
separate brain regions, but if it does so within approximately
the same window of time, it is still possible to link the parts behind
the scenes, as it were, and create the impression that it all happens
in the same place. Note that this is in no way an explanation of how
time does binding, but rather a suggestion that timing is an impor-
tant part of the mechanism. The idea of integration by time has
surfaced over the past decade and now appears prominently in the |
work of a number of theorists.4

If the brain does integrate separate processes into meaningful
combinations by means of time, this is a sensible and economical
solution but not one without risks and problems. The main risk is
mistiming. Any malfunction of the timing mechanism would
be likely to create spurious integration or disintegration. This may be
indeed what happens in states of confusion caused by head injury, or
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in some symptoms of schizophrenia and other diseases. The funda-
mental problem created by time binding has to do with the require-
ment for maintaining focused activity at different sites for as long as
necessary for meaningful combinations to be made and for reason-
ing and decision making to take place. In other words, time binding
requires powerful and effective mechanisms of attention and work-
ing memory, and nature seems to have agreed to provide them.
Each sensory system appears equipped to provide its own local
attention and working-memory devices. But when it comes to the
processes of global attention and working memory, human studies as
well as animal experiments suggest that the prefrontal cortices and
some limbic system structures (the anterior cingulate) are essential.s
The mysterious connection between the processes and brain sys-
tems discussed at the beginning of this chapter may be clearer now.

IMAGES OF NOW, IMAGES OF THE PAST,
AND IMAGES OF THE FUTURE

The factual knowledge required for reasoning and decision making
~ comes to the mind in the form of images. Let us look, however
briefly, at the possible neural substrate of those images.

If you look out the window at the autumn landscape, or listen to
the music playing in the background, or run your fingers over a
smooth metal surface, or read these words, line after line down this
page, you are perceiving, and thereby forming images of varied
sensory modalities. The images so formed are called perceptual
images. |

But you may stop attending to that landscape or music or surface
or text, distract yourself from it, and turn your thoughts elsewhere.
Perhaps you are now thinking of your Aunt Maggie, or the Eiffel
Tower, or the voice of Placido Domingo, or of what I just said about
images. Any of those thoughts is also constituted by images, regard-
less of whether they are made up mostly of shapes, colors, move-
ments, tones, or spoken or unspoken words. Those images, which
occur as you conjure up a remembrance of things past, are known as
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recalled images, so as to distinguish them from the perceptual
variety. '

By using recalled images you can bring back a particular type of
past image, one formed when you planned something that has not
yet happened but that you intend to have happen, for example,
reorganizing your library come this weekend. As the planning pro-
cess unfolded, you were forming images of objects and movements,
and consolidating a memory of that fiction in your mind. Images of
something that has not yet happened and that may in fact never
come to pass are no different in nature from the images you hold of
something that already has happened. They constitute the memory
of a possible future rather than'of the past that was.

These various images—perceptual, recalled from real past, and
recalled from plans of the future—are constructions of your organ-
ism’s brain. All that you can know for certain is that they are real to
your self, and that other beings make comparable images. We share
our image-based concept of the world with other humans, and even
with some animals; there is'a remarkable consistency in the con-
structions different individuals make of the essential aspects of the
environment (textures, sounds, shapes, colors, space). If our organ-
isms were designed differently, the constructions we make of the
world around us would be different as well. We do not know, and it is
improbable that we will ever know, what “absolute” reality is like.

How do we come to create these marvelous constructions? It
appears they are concocted by a complex neural machinery of per-
ception, memory, and reasoning. Sometimes the construction is
paced from the world outside the brain, that is, from the world inside
our body or around it, with a bit of help from past memory. That is the
case when we generate perceptual images. Sometimes the construc-
tion is directed entirely from within our brain, by our sweet and
silent thought process, from the top down, as it were. That is the
case, for instance, when we recall a favorite melody, or recall visual
scenes with our eyes closed and covered, whether the scenes are a
replaying of a real event or an imagined one.

But the neural activity that is most closely related to the images we
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experience occurs in early sensory cortices and not in the other
regions. The activity in the early sensory cortices, whether it is
engaged by perception or by recall of memories, is a result, so to
speak, of complex processes operating behind the scenes, in nu-
merous regions of the cerebral cortex and of neuron nuclei beneath
the cortex, in basal ganglia, brain stem, and elsewhere. In short:
Images are based directly on those neural representations, and only
those, which are organized topographically and which occur in early
sensory cortices. But they are formed either under the control of
sensory receptors oriented to the brain’s outside (e.g., a retina), or
under the control of dispositional representations (dispositions)
contained inside the brain, in cortical regions and subcortical nuclei.

Forming Perceptual Images

How are images formed when you are perceiving something in the
world, a landscape, say, or in the body, for instance, a pain in your
right elbow? In both cases, there is a first step which is necessary
but not sufficient: Signals from the appropriate body sector (eye
and retina, in one case; nerve terminals in the elbow joint, in the
other) are carried by neurons, down their axons and across several
electrochemical synapses, into the brain. The signals are delivered
to the early sensory cortices.* For signals from the retina this will
happen in the early visual cortices, located at the back of the brain
in the occipital lobe. For signals from the elbow joint, this will

happen in the early somatosensory cortices in the parietal and

insular regions, part of the brain sector that is damaged in

*The workings of the perceptual machinery within those early cortices are begin-
ning to be understood. Studies of the visual system, for which a large quantity of
neuroanatomical, neurophysiological, and psychophysical data have now been
gathered, lead the way, but there is a wealth of new findings in somatosensory and
auditory systems. These cortices form a dynamic coalition, and the topographically
organized representations they generate change with the type and amount of input,
as the work of several researchers has demonstrated.®
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anosognosia. Note again that this is a collection of areas rather than
one center. The areas that are part of the collection are individually
complex and the mesh of interconnections they form is even more so.
The topographically organized representations result from the con-
certed interaction of these areas, not from one of them only. There is
nothing phrenological about this idea.

When all or most early sensory cortices of a given sensory modality
are destroyed, the ability to form images in that modality vanishes.
Patients deprived of early visual cortices are not able to see much.
(Some residual sensory capacities are preserved in those patients,
probably because cortical and subcortical structures related to the
sensory modality are intact. After extensive destruction of the early
visual cortices, some patients can point to light targets that they
profess not to see; they have what is known as blindsight. The parietal
cortices, the superior colliculi, and the thalamus are just a few of the
structures presumably involved in these processes.) The perceptual
defect can be quite specific. After damage to one of the subsystems
within the early visual cortices, for example, there may be aloss of the
ability to perceive color; this loss may be complete, or an attenuation,
such that patients perceive colors as drained out. Affected patients
see shape, movement, and depth, but not color. In this condition,
achromatopsia, patients construct the universe in shades of gray.

Although the early sensory cortices and the topographically orga-
nized representations they form are necessary for images to occur in
consciousness, they do not, however, appear to be sufficient. In other
words, if our brains would simply generate fine topographically orga-
nized representations and do nothing else with those representations,
I doubt we would ever be conscious of them as images. How would we
know they are our images? Subjectivity, a key feature of conscious-
ness, would be missing from such a design. Other conditions must
be met.

In essence those neural representations must be correlated with
those which, moment by moment, constitute the neural basis for the
self. This issue will surface again in chapters 7 and 10, but let me say at
this point that the self is not the infamous homunculus, a little person

inside our brain perceiving and thinking about the images the brain
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forms. It is, rather, a perpetually re-created neurobiological state.
Years of justified attack on the homunculus concept have made
many theorists equally fearful of the concept of self. But the neural
self need not be homuncular at all. What should cause some fear,

actually, is the idea of a selfless cognition.

STORING IMAGES AND FORMING IMAGES IN RECALL

Images are not stored as facsimile pictures of things, or events, or
words, or sentences. The brain does not file Polaroid pictures of
people, objects, landscapes; nor does it store audiotapes of music
and speech; it does not store films of scenes in our lives; nor does it
hold the type of cue cards and TelePrompTer transparencies that
help politicians earn their daily bread. In brief, there seem to be no

- permanently held pictures of anything, even miniaturized, no micro-
fiches or microfilms, no hard copies. Given the huge amount of
knowledge we acquire in a lifetime, any kind of facsimile storage
would probably pose insurmountable problems of capacity. If the
brain were like a conventional library, we would run out of shelves
just as conventional libraries do. Furthermore, facsimile storage also
poses difficult problems of retrieval efficiency. We all have direct
evidence that whenever we recall a given object, or face, or scene, we
do not get an exact reproduction but rather an interpretation, anewly
reconstructed version of the original. In addition, as our age and
experience change, versions of the same thing evolve. None of this is
compatible with rigid, facsimile representation, as the British psy-
chologist Frederic Bartlett noted several decades ago, when he first
proposed that memory is essentially reconstructive.”

Yet the denial that permanent pictures of anything can exist in the
brain must be reconciled with the sensation, which we all share, that
we can conjure up, in our mind’s eye or ear, approximations of images
we previously experienced. That these approximations are not accu-
rate, or are less vivid than the images they are meant to reproduce,
does not contradict this fact.

A tentative answer to this problem suggests that these mental
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images are momentary constructions, attempts at replication of pat-
terns that were once experienced, in which the probability of exact
replication is low but the probability of substantial replication can be
higher or lower, depending on the circumstances in which the im-

ages were learned and are being recalled. These recalled images tend

to be held in consciousness only fleetingly, and although they may

appear to be good replicas, they are often inaccurate or incomplete. |
suspect that explicit recalled mental images arise from the transient
synchronous activation of neural firing patterns largely in the same
early sensory cortices where the firing patterns corresponding to
perceptual representations once occurred. The activation results in
a topographically organized representation.

There are several arguments in favor of this notion, and some
evidence. In the condition known as achromatopsia, described
above, local damage in the early visual cortices causes not only loss
of color perception but also loss of color imagery. If you are
achromatopsic, you can no longer imagine color in your mind. If I
ask you to imagine a banana, you will be able to picture its shape but
not its color; you will see it in shades of gray. If “color knowledge”
were stored elsewhere, in a system separate from the one that

- supports “color perception,” achromatopsic patients would imagine

color even when they cannot perceive it in an external object. But
they do not.

Patients with extensive damage to the early visual cortices lose
their ability to generate visual imagery. Yet they can still recall
knowledge about tactile and spatial properties of objects, and they
can still recall sound images.

Preliminary studies of visual recall using positron emission to-
mography (PET), a neuroimaging technique, and functional mag-
netic resonance (FMR) support this idea. Steven Kosslyn and his
group, and Hanna Damasio, Thomas Grabowski, and their col-
leagues, have found that recollection of visual images activates the
early visual cortices, among other areas.®

IS REIREN
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How do we form the topographically organized representations
needed to experience recalled images? I believe those representa-
tions are constructed momentarily under the command of acquired
dispositional neural patterns elsewhere in the brain. I use this term
because what they do, quite literally, is order other neural patterns
about, make neural activity happen elsewhere, in circuits that are
part of the same system and with which there is a strong neuronal
interconnection. Dispositional representations exist as potential
patterns of neuron activity in small ensembles of neurons I call
“convergence zones”; that is, they consist of a set of neuron firing
dispositions within the ensemble. The dispositions related to recall-
able images were acquired through learning, and thus we can say
they constitute a memory. The convergence zones whose disposi-
tional representations can result in images when they fire back to
early sensory cortices are located throughout the higher-order asso-
ciation cortices (in occipital, temporal, parietal, and frontal regions),
and in basal ganglia and limbic structures.

What dispositional representations hold in store in their little
commune of synapses is not a picture per se, but a means to reconsti-

tute “a picture.” If you have a dispositional representation for the

face of Aunt Maggie, that representation contains not her face as
such, but rather the firing patterns which trigger the momentary
reconstruction of an approximate representation of Aunt Maggie’s
face, in early visual cortices.

The several dispositional representations that would need to fire
back, more or less synchronously, for Aunt Maggie’s face to show up
in the scopes of your mind, are located in several visual and higher-
order association cortices (mostly, I suspect, in occipital and tem-
poral regions).9 The same arrangement would apply in the auditory
realm. There are dispositional representations for Aunt Maggie's
voice in auditory association cortices, which can fire back to early
auditory cortices and generate momentarily the approximate repre-
sentation of Aunt Maggie’s voice.

There is not just one hidden formula for this reconstruction. Aunt

Maggie as a complete person does not exist in one single site of your
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brain. She is distributed all over it, in the form of many dispositional
representations, for this and that. And when you conjure up remem-
brances of things Maggie, and she surfaces in various early cortices
(visual, auditory, and so on) in topographic representation, she is still
present only in separate views during the time window in which you
construct some meaning of her person.

Were you to fall inside somebody’s visual dispositional representa-
tions for Aunt Maggie, in an imaginary experiment fifty years from
now, I predict you would see nothing resembling Aunt Maggie’s face,

. because dispositional representations are not topographically orga-

nized. But if you were to inspect the patterns of activity occurring in
that somebody’s early visual cortices, within about a hundred milli-
seconds after the convergence zones for Aunt Maggie's face fired
back, you probably would be able to see patterns of activity that had
some relation to the geography of Aunt Maggie’s face. There would
be consistency between what you knew of her face, and the pattern of
activity you would find in the early visual cortical circuitry of some-
body who knew her too and was thinking of her.

There is already evidence suggesting that this would be so. Using a
neuroanatomical imaging method, R. B. H. Tootell has shown that
when a monkey sees certain shapes, such as a cross or square, the
activity of neurons in early visual cortices will be topographically
organized in a pattern that conforms to the shapes the monkey is
viewing.’® In other words, an independent observer looking at the
external stimulus and at the pattern of brain activity recognizes
structural similarity. (See Fig. 5-2.) Similar reasoning can be applied
to Michael Merzenich'’s findings about the dynamic patterns of body
representation in the somatosensory cortices.” Note, however, that
having such a representation in the cerebral cortex is not equivalent
to being conscious of it, as I pointed out earlier. It is necessary but
not sufficient. ’

What I am calling a dispositional representation is a dormant
firing potentiality which comes to life when neurons fire, with a

I TRI TN
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Figure 5-2. An observer looking at
the stimulus presented to an exper-
imental animal, who subsequently

would look at the activation stimulus

caused by that stimulus in the ani-

observer

X
-
¥

mal’s visual cortex, would discover ‘

experimental
subject

a remarkable consistency between
the shape of the stimulus and the
shape of the neural activity pattern

in one of the layers of the primary
visual cortex (layer 4C). The stim-

ulus and brain image came from
the work of Roger Tootéll who per-
formed this experiment.

subject’s
visual cortex

particular pattern, at certain rates, for a certain amount of time, and
toward a particular target which happens to be another ensemble of
neurons. Nobody knows what the “codes” contained in the ensemble
might look like, despite the many new findings that have been
amassed in the study of synaptic modification. But this much ap-
pears likely: The firing patterns result from the strengthening or
weakening of synapses, and that, in turn, results from functional
changes occurring at microscopic level within the fiber branches of
neurons {axons and dendrites).'?

Dispositional representations exist in potential state, subject to

* activation, like the town of Brigadoon.

KNOWLEDGE IS EMBODIED IN
DISPOSITIONAL REPRESENTATIONS

Dispositional representations constitute our full repository of know-
ledge, encompassing both innate knowledge and knowledge ac-
quired by experience. Innate knowledge is based on dispositional
representations in hypothalamus, brain stem, and limbic system.
You can conceptualize it as commands about biological regulation

.
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which are required for survival (e.g., the control of metabolism,
drives, and instincts). They control numerous processes, but by and
large they do not become images in the mind. These will be discussed
in the next chapter.

Acquired knowledge is based on dispositional representations in
higher-order cortices and throughout many gray-matter nuclei be-
neath the level of the cortex. Some of those dispositional representa-
tions contain records for the imageable knowledge that we can recall
and which is used for movement, reason, planning, creativity; and
some contain records of rules and strategies with which we operate
on those images. The acquisition of new knowledge is achieved by
continuous modification of such dispositional representations.

When dispositional representations are activated, they can have
various results. They can fire other dispositional representations
to which they are strongly related by circuit design (dispositional re-
presentations in the temporal cortex, for example, could fire dis-
positional representations in the occipital cortex which are part of
the same strengthened systems). Or they can generate a to-
pographically organized representation, by firing back to early sen-
sory cortices directly, or by activating other dispositional
representations in the same strengthened system. Or they can gener-
ate a movement by activating a motor cortex or nucleus such as the
basal ganglia. ‘

The appearance of an image in recall results from the reconstruc-
tion of a transient pattern (metaphorically, a map) in early sensory
cortices, and the trigger for the reconstruction is the activation of
dispositional representations elsewhere in the brain, as in the asso-
ciation cortex. The same type of mapped activation occurs in motor
cortices and is the basis for movement. The dispositional representa-
tions on the basis of which movements occur are located in premotor
cortices, basal ganglia, and limbic cortices. There is evidence that
they activate both movements and internal images of body move-
ment; because of the speedy nature of movements, the latter are
often masked in consciousness by our awareness of the movement
itself.
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THOUGHT IS MADE LARGELY OF IMAGES

It is often said that thought is made of much more than just images,
that it is made also of words and nonimage abstract symbols. Surely
nobody will deny that thought includes words and arbitrary symbols.
But what that statement misses is the fact that both words and
arbitrary symbols are based on topographically organized represen-
tations and can become images. Most of the words we use in our
inner speech, before speaking or writing a sentence, exist as auditory
or visual images in our consciousness. If they did not become im-
ages, however fleetingly, they would not be anything we could
know.3 This is true even for those topographically organized repre-
sentations that are not attended to in the clear light of conscious-
ness, but are activated covertly. We know from priming experiments
that although these representations are processed sub rosa, they can
influence the course of the thought process, and even pop into
consciousness a bit later. (Priming consists of activating a represen-
tation incompletely, or activating it but not attending to it).

We experience this phenomenon regularly. After a busy conversa-
tion involving several people, a word or statement that we did not
hear during the conversation suddenly surfaces in our mind. We may
be surprised by the fact that we missed it, how could we, and we may
even check its reality, asking for instance, “Did you just say such and
s0?” Person X did indeed say such-and-so, but because you were
concentrating on person Y, the mapped representations that were
formed pertaining to what person X said were not attended to, and
only a dispositional memory was made of it. As your concentration
on person Y relaxed, and if the missed word or statement was

relevant to you, the dispositional representation regenerated a topo-

graphically organized representation in an early sensory cortex; and
since you were aware of it, it became an image. Note, by the way, that
you never would have formed a dispositional representation without

first forming a topographically mapped perceptual representation: -

there seems to be no anatomical way of getting complex sensory
information into the association cortex that supports dispositional
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representations without first stopping in early sensory cortices. (This
may not be true for noncomplex sensory information.)

The comments above apply as well to the symbols we may use in the
mental solution of amathematical problem (though perhaps not to all
forms of mathematical thinking). If those symbols were not image-
able, we would not know them and would not be able to manipulate
them consciously. In this regard, it is interesting to observe that some
insightful mathematicians and physicists describe their thinking as
dominated by images. Often the images are visual, and they even can
be somatosensory. Not surprisingly, Benoit Mandelbrot, whose life
work is fractal geometry, says he always thinks in images.' He relates
that the physicist Richard Feynman was not fond of looking at an
equation without looking at the illustration that went with it (and
note that both equation and illustration were images, in fact). As for
Albert Einstein, he had no doubts about the process:

The words or the language, as they are written or spoken, do not
seem to play any role in my mechanism of thought. The psychi-
cal entities which seem to serve as elements in thought are
certain signs and more or less clear images which can be “volun-
tarily” reproduced and combined. There is, of course, a certain
connection between those elements and relevant logical con-
cepts. It is also clear that the desire to arrive finally at logically
connected concepts is the emotional basis of this rather vague
play with the above mentioned elements.

Later in the same text he makes it even clearer:

The above mentioned elements are, in my case, of visual and

. . muscular type. Conventional words or other signs have to
Be sought for laboriously only in a secondary stage, when the
mentioned associative play is sufficiently established and can be
reproduced at will.'s

The point, then, is that images are probably the main content of our
thoughts, regardless of the sensory modality in which they are gener-
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ated and regardless of whether they are about a thing or a process
involving things; or about words or other symbols, in a given lan-
guage, which correspond to a thing or process. Hidden behind those
images, never or rarely knowable by us, there are indeed numerous
processes that guide the generation and deployment of those images
in space and time. Those processes utilize rules and strategies em-
bodied in dispositional representations. They are essential for our
thinking but are not a content of our thoughts.

The images that we reconstitute in recall occur side by side with
the images formed upon stimulation from the exterior. The images
reconstituted from the brain’s interior are less vivid than those
prompted by the exterior. They are “faint,” as David Hume put it, in
comparison with the “lively” images generated by stimuli from out-
side the brain. But they are images nonetheless.

SOME WORDS ON NEURAL DEVELOPMENT

As previously discussed, the brain’s systems and circuits, as well as
the operations they perform, depend on the pattern of connections
among neurons and on the strength of the synapses constituting
those connections. But how are the connection patterns and the
synaptic strengths in our brains set, and when? Are they set at
the same time for all systems throughout the brain? Once set, are
they set forever? There are no definitive answers to these questions
yet. Although knowledge on this subject is in constant flux, and not
much should be taken for granted, things may work out like this:

1. The human genome (the sum total of the genes in our
chromosomes) does not specify the entire structure of the
brain. There are not enough genes available to determine the
precise structure and place of everything in our organisms,
least of all in the brain, where billions of neurons form their
synaptic contacts. The disproportion is not subtle: we carry
probably about 105 (100,000) genes, but we have more than

105 (10 trillion) synapses in our brains. Moreover, the genet-
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ically induced formation of tissues is assisted by interactions
among cells, in which cell adhesion molecules and substrate
adhesion molecules play an important role. What happens
among cells, as development unfolds, actually controls, in
part, the expression of the genes that regulate development
in the first place. As far as one can tell, then, many structural
specifics are determined by genes, but another large number
can be determined only by the activity of the living organism
itself, as it develops and continuously changes throughout its
life span.’®

2. The genome helps set the precise or nearly precise structure
of a number of important systems and circuits in the evolu-
tionarily old sectors of the human brain. Although we sorely
need modern developmental studies concerned with these
brain sectors, and although much could change as such
studies materialize, the preceding statement seems reason-
ably certain for brain stem, hypothalamus, and basal fore-
brain, and quite likely for the amygdala and cingulate region.
(I will say more about these structures and functions in the
next chapters.) We share the essence of these brain sectors
with individuals in numerous other species. The principal
role of the structures in these sectors is to regulate basic life
processes without recourse to mind and reason. The innate™
patterns of activity of the neurons in these circuits do not
generate images (although the consequences of their activity
can be imaged); they regulate homeostatic mechanisms
without which there is no survival. Without the innately set

circuits of these brain sectors, we would not be able to

*Note that when [ use the word innate (literally, present at birth), [ am not excluding
a role for environment and learning in the determination of a structure or pattern of
activity. Nor am I excluding the potential for adjustments brought on by experience.
I am using innate in the sense that William James used “pre-set,” to refer to
structures or patterns that are largely but not exclusively determined by the genome,
and that are available to newborns to achieve homeostatic regulation.
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