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Abstract

The prevalent concept in modular models is that there are discrete cortical domains dedicated more or less exclusively to such cognitive
functions as visual discrimination, language, spatial attention, face recognition, motor programming, memory retrieval, and working memory.
Most of these models have failed or languished for lack of conclusive evidence. In their stead, network models are emerging as more suitable and
productive alternatives. Network models are predicated on the basic tenet that cognitive representations consist of widely distributed networks of
cortical neurons. Cognitive functions, namely perception, attention, memory, language, and intelligence, consist of neural transactions within and
between these networks. The present model postulates that memory and knowledge are represented by distributed, interactive, and overlapping
networks of neurons in association cortex. Such networks, named cognits, constitute the basic units of memory or knowledge. The association
cortex of posterior-post-rolandic-regions contains perceptual cognits: cognitive networks made of neurons associated by information acquired
through the senses. Conversely, frontal association cortex contains executive cognits, made of neurons associated by information related to action.
In both posterior and frontal cortex, cognits are hierarchically organized. At the bottom of that organization—that is, in parasensory and premotor
cortex—cognits are small and relatively simple, representing simple percepts or motor acts. At the top of the organization—in temporo–parietal
and prefrontal cortex—cognits are wider and represent complex and abstract information of perceptual or executive character. Posterior and frontal
networks are associated by long reciprocal cortico–cortical connections. These connections support the dynamics of the perception–action cycle in
sequential behavior, speech, and reasoning.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

In the past century, two opposing views of cognitive repre-
sentation have coexisted in a climate of almost continuous,
though largely covert, controversy between the two. The first
point of view, heretofore the most widely accepted, is the
localizationist or, to use a more current term, modular view. It
has its historical precedents in two early discoveries related to
language: a discrete area of the left frontal cortex specialized in
speech (Broca, 1861) and another of the left parietal–temporal
cortex specialized in the comprehension of language (Wernicke,
1906). That point of view has been paralleled and somewhat
indirectly supported, at least by analogy, by a vast number of
neurophysiological studies demonstrating a profusion of
modular cortical maps of sensory and motor functions in the
cortex of the monkey. These maps represent topographically a
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variety of sensory features in receptor surfaces (e.g., retina, skin,
cochlea) and motor “features” in peripheral musculature.
Discrete cortical formations, such as cellular columns, areas,
or sub-areas specialize in the representation of discrete
sensations or movements.

Furthermore, based on neurophysiological evidence from
studies of higher, non-primary areas of association cortex, it has
been inferred that the lower cortex of association (parasensory
or premotor), which receives and integrates inputs from sensory
cortex or projects down to motor cortex, represents the more
complex features of sensation or movement. These inferences
find further support in some neuropsychological evidence from
lesion studies in animals and humans. However, by theoretically
extrapolating the evidence from primary areas to upper asso-
ciative areas, and by over-interpreting some behavioral results
of cortical lesions, it has been incorrectly assumed that not only
complex sensory features or movements, but also specific
cognitive functions, are represented in associative areas. Thus
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some neuroscientists have been led to believe that there are
cortical modules or “centers” for perception, memory, language,
attention, and executive control, among other cognitive fun-
ctions. And thus a more or less academically condoned “neo-
phrenology” has emerged. This new phrenology of the
cognitive module is a curious hybrid of Aristotelian psychology
and Cartesian neuroscience, the first of the two artificially
separating cognitive functions and the second finding their
homes in discrete areas of the cerebral cortex.

The other trend, a more “holistic” trend, which eventually led
to the network paradigm of cortical representation, also has a
long history, but until recently has received only scanty
empirical support. The supporting evidence derived at first
from human and animal neuropsychology (Goldstein, 1942;
Lashley, 1950). Most notably, only large cortical lesions were
observed to lead to deficits in cognitive memory and function.
Based on that empirical fact and on the structural organization
of the cortex, some theoreticians of the brain, such as Hayek
(1952), and Edelman and Mountcastle (1978) arrived at the
notion that both memory and knowledge are probably represen-
ted in wide neuronal “maps” or networks that extend beyond the
confines of anatomically defined areas. In recent times, this
concept has gained considerable support from three sources of
evidence: single-cell discharge in the awake behaving monkey,
analysis of coherence of field potentials on the surface of the
cortex, and functional neuroimaging. Evidence from these
sources has led to a formalized network paradigm of cognition,
the evidence for which I have reviewed elsewhere (Fuster,
2003). What follows is a brief description of that paradigm and
its principal corollaries, followed by a theoretical construct of
the basic dynamics of memory networks in behavior (percep-
tion–action cycle).

2. Cognits

It is now universally accepted that memory and learning are
formed in the central nervous system by modulation of synaptic
transmission (Kandel, 1991). In accord with certain principles
first enunciated by Hebb (1949), interconnected neurons and
groups of neurons that are excited by stimuli occurring at the
same time will become more strongly interconnected than
before; in other words, the synapses between them will become
more conductive, their membranes more “permeable” to the
impulses generated by any of the temporally associated stimuli.
Thus, at a later time, after memory has been consolidated, any of
those stimuli is more likely by itself to excite the neurons
formerly excited only by the other—now associated—stimuli.
In this sense, all memory is to some degree associative, and the
entire nervous system is capable of associatively storing me-
mory of one form or another.

In the cerebral cortex, as elsewhere in the brain, memory is
formed by associative synaptic modulation of connections
between neuronal assemblies simultaneously excited, however
distant they may be from one another. Except for certain aspects
of emotional, visceral and instinctive memory, as well as certain
aspects of reflex and automated motor learning, all the memory
and knowledge of the individual, all that can be characterized as
cognitive memory, is formed and stored in the neocortex.
Cognitive memory includes what has been called by psychol-
ogists “declarative memory,” with its explicit, episodic and
semantic components, here under the general heading of per-
ceptual memory. It also includes most of what has been
construed as “procedural memory,” here called executive me-
mory. Executive memory, the memory of action, would in turn
include some aspects of so-called “nondeclarative” or implicit
memory (e.g., skills and habits).

Our model postulates that all cognitive representations, that
is, all items of memory and knowledge consist of networks of
cortical neurons that have been associated by experience, whe-
ther that is the experience of the species (see below “phyletic
memory”) or the experience of the individual organism. A
cognit is one such network. Cognits are of an immense variety,
in terms of size—that is, number and cortical distribution of the
neurons that form them—and in terms of content. The content
of a cognit derives strictly from its component neurons and,
above all, the relationships between them. Thus, the memory
code is essentially a relational code. Given that any neuron in
the cortex can be part of a cognitive network or cognit, the
specificity of an individual memory is determined by the com-
bination of neurons that make it. The practically infinite variety
of individual memories derives from the practically infinite
combinatorial power of some 10 billion neurons.

To comprehend the hierarchical organization of the different
forms of memory with regard to content and cortical topogra-
phy, it is necessary to pay close attention to a few general
principles of cognit formation. One such principle stipulates that
all cognitive networks have their origin on a base of primary
sensory or motor cortex. Primary cortex represents the form of
memory that I call phyletic memory or “memory of the species.”
This form of memory is nothing other than the structure of the
primary areas of the cortex at birth. It is relatively invariant from
individual to individual and confined to the modular networks
of primary cortex. The structure of primary cortex, by itself, is
then indeed a kind of memory, which has been “stored” through
millions of years by repetition—and temporal coincidence of
similar or identical qualia—and which we “retrieve” with every
percept or every action upon the world around us. It is memory
that is eminently adaptive, as it contains the cumulative adaptive
experience of our evolutionary ancestors.

Departing from that base of phyletic memory in primary
cortex, individual memory, namely the memory of perceptual or
motor experiences, develops into the areas of posterior and
frontal association cortex. With every new experience, that
development proceeds in subtly invasive manner from area to
area following three largely coincident developmental and
anatomical gradients: those of phylogeny, ontogeny, and
cortico–cortical connectivity. Along these gradients, some
memory networks become more idiosyncratic and complex,
while others become more abstract. Complexity results from
divergence of connectivity into multiple networks (forming
analytical and discriminant cognits, episodic memory); abstrac-
tion results from both convergence and divergence of
connectivity into large networks (semantic cognits and
memory).
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Because the three gradients of memory formation—phylog-
eny, ontogeny, and connectivity—largely coincide temporally
and spatially, we can trace them by focusing on any one of them,
such as the ontogenetic gradient, as portrayed by themyelogenetic
map of the cortex (Fig. 1). The numeration in the map refers to the
order of myelination of the various cortical areas in perinatal
periods. Primary areas, with the lowest numbers, are the first to
develop myelin in their intrinsic and extrinsic connections,
whereas higher association areas, with higher numbers, develop
myelin later, in some areas much later: according to the results of
magnetic resonance imaging (MRI), the myelinization of
prefrontal areas does not seem to reach completion until the
third decade of life (Sowell et al., 1999). The myelogenetic order
approximates the order in which areas developed in the course of
evolution, as well as the order that cortico–cortical connectivity
follows from primary to association neocortex.

Following the direction of those gradients, memory networks
or cognits are formed in association cortex by synaptic
modulation of its neurons. As they accrue in the course of a
lifetime, myriad cognits become organized in stratified and
Fig. 1. Myelogenetic map of the human cortex. The numbers mark the approximate
formation of myelin sheaths around their intrinsic and extrinsic axonal fibers. (From
hierarchical fashion. At the base stratum is phyletic memory,
with its innate, localized, modular networks, representing the
basic elements of sensation and movement. Above that stratum,
in progressively higher areas of cortex, progressively more
widespread and abstract memory networks are formed and
deposited. Thus, the most elementary and concrete sensory or
motor memories lay in sensory and parasensory or motor and
premotor cortex. Conversely, the more abstract, semantic
memories come to lie in the highest strata of the association
cortex of parietal–temporal and prefrontal regions. Ultimately,
however, the memory networks are to a large extent structurally
heterarchical, not only made of connections within strata, but
also between strata. This dual connectivity (horizontal and
vertical) gives rise to heterarchical networks that support
heterarchical memories, like most memories are, composed of
both concrete and abstract elements of experience.

In summary, memories and items of knowledge, cognits that
is, are neuronal networks hierarchically organized in the cortex
of association, made of horizontal (within stratum) as well as
vertical (between strata) connections. The higher those
order in which, during perinatal periods, the various cortical areas undergo the
Flechsig, according to Von Bonin, 1950).
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networks are—and the more widely distributed in higher cortex
—the more abstract is the memory or knowledge they represent.
Networks overlap and intersect profusely. Some are heterarch-
ical, composed of neuronal assemblies at various levels of the
organization. As a consequence of these modes of structural
representation, a neuron or neuronal assembly, practically any-
where in the cortex of association, can be part of many net-
works, and thus of many memories or items of knowledge. This
kind of organization precludes any kind of anatomical modula-
rization of cortical memory.

3. Hierarchies of cognits

There is, however, a certain general anatomy of memory.
Indeed, in general terms, it is correct to say that in the human
cortex the bulk of perceptual memory is distributed in post-
rolandic regions, while that of executive memory is distributed
in pre-rolandic, that is, frontal regions. Further, with the help of
developmental, anatomical, and neuropsychological knowledge
it has become possible to construe a schema of the distribution
of the two categories of memory on the lateral surface of the
cerebral hemisphere. Given that memory networks overlap
widely and are subject to much individual variability in both
Fig. 2. Diagram of the distribution of cognitive representations (cognits) on the corte
(same color code as below) displays the hierarchical ordering of memory types on t
anterior and posterior cortex, any attempt to anatomically
circumscribe any form of individual memory (episodic, se-
mantic, procedural, etc.) is futile. It is possible, however, to
outline broadly the anatomical substrate of the two hierarchies
of cognits, perceptual and executive, in a schema that takes into
account their layered organization and their basic modes of
underlying connectivity (Fig. 2).

3.1. Sensory representation

Departing from specific sensory areas, connectivity flows
through convergent, but primarily divergent, cortical paths to-
ward the association cortex of the occipital, temporal, and
parietal lobes. Through that connectivity flows the streams of
sensory information on temporally coincident stimuli that will
form the networks representing in that cortex the resulting
perceptual cognits: in other words, the representations of the
objects or scenes generating those coincident stimuli.

We know that limbic structures, notably the amygdala and
the hippocampus, by mechanisms that are still poorly under-
stood, play a decisive role in the formation of cognits in asso-
ciative neocortex. To that end, both those limbic structures are
reciprocally connected with that cortex. The amygdala most
x of the left hemisphere (Brodmann's cytoarchitectonic map). The figure above
he cortical surface. RF, Rolandic fissure.
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probably conveys to the cortex information on the emotional or
motivational significance of a cognit in the making, the hippo-
campus somehow mediates the synaptic processes that underpin
the cognit in the cortex. Judging from neuropsychological
evidence, both limbic structures are essential not only for the
formation of memories but also for their retrieval.

Temporally coincident sensory inputs by themselves are not
sufficient to make new perceptual cognits in association cortex.
For that to occur, there must be in that cortex a repository of pre-
existing long-term cognits that will receive the temporally
coincident inputs and incorporate them. By associations of
similarity, the new inputs will activate some of those pre-exist-
ing cognits, which in turn will provide the new arrivals with
active neurons to synaptically latch on to, thus allowing the new
stimuli to become part of their networks. Further, the old cognits
will help “interpret” the new stimuli, feeding into the limbic
system information about their motivational significance, which
will reinforce or detract from the formation of a new cognit.
Because the new stimuli revive old networks and become
associated with them, the new cognits become the extension of
old ones. Thus, there is no such thing as the genesis of a
completely new percept or memory, either in the brain or in the
phenomenic world of consciousness. In their formation, new
cognits retrieve old ones and become part of them, in a con-
tinuous dynamic process of interaction between history and new
experience that takes place in the neuronal networks of the
posterior cortex of association as in the course of life the
organism interacts with its environment.

As they become consolidated through that interaction bet-
ween the new and the old, cognitive networks will take their
position in the cortical hierarchy of memories. That position
will depend on their sensory constituents as well as on their
complexity and generality (Fig. 2, perceptual memory).
Concrete sensory cognits of a given sensory modality occupy
the lower levels of the hierarchy, in sensory and para-sensory
association areas (e.g., inferior temporal cortex for vision,
superior temporal cortex for audition, anterior parietal cortex for
touch). Above that, in somewhat higher cortex of association,
lay the polysensory cognits that mix sensations of several
modalities. Still higher are the cognits of events and experiences
(episodic memory), with associations of place and date.

At the highest level, in the upper reaches of the posterior
association cortex, that is, in the broad confluence of the
occipital, parietal, and temporal regions, lie distributed the most
general and abstract cognits, the semantic memories and
knowledge of facts and concepts that derive from sensory ex-
perience. Because such memories and knowledge derive from
multiple experiences, and are largely generalizations of those
experiences, their networks are the most widely distributed, with
multiple associative anchors in cognits below. In global
functional terms, therefore, cognits of ever-higher rank and
generality develop from the bottom up mainly in divergent-
though also to some extent convergent-fashion. Because of that
prevalent divergence, in Fig. 2, the hierarchies are depicted in the
form of inverted cones, with vertex down. Note that this scheme
deviates radically from the popular view of sensory hierarchies
converging upward onto cell assemblies that encode progres-
sively more complex sensory features, a view that culminates in
the theoretical absurd of a “grandmother cell” (a more acceptable
concept would be that of a “grandmother network”).

For reasons explained above, the hierarchical stratification of
memory types that our model proposes is a heuristically useful
concept, but may be somewhat misleading, in that it tends to
obscure the heterarchical character of most memories. That most
memories are heterarchical can be inferred simply from what I
have said with regard to cognit formation. Assuming that the
making of a new cognit is accompanied by the evocation of old
ones—to which it becomes attached—and that those old cognits
can be of any hierarchical rank, it follows that the new cognit will
have components of those older ones, which may be of different
rank than that of the evoking stimuli and the most elementary
perceptual memories they evoke. This means that the episodic
memory of an event, for example, will be inextricably connected
with the semantic aspects of the objects, persons, and circum-
stances that are part of the event. Consequently, the evocation of
that memory will conjure, in addition to the sensory aspects of the
event, a number of semantic cognits associated with it. This is not
to deny that episodic memories are largely deposited in an
intermediate stratum of the cortical organization, between sensory
association cortex and the highest association cortex of the
posterior region of the cerebral hemisphere.

3.2. Executive representation

In the lateral convexity of the frontal lobe, a hierarchy of
areas for the representation of actions can be discerned that is
symmetrical to the one described above in posterior cortex for
perceptual representations. The frontal connective pathways
that form this executive hierarchy depart from primary motor
cortex and course through intermediate premotor areas toward
prefrontal areas. Again, as in posterior cortex, that connectivity
is reciprocal: at every step of the way from one frontal area to
another, ascending connections are reciprocated by descending
connections. In other words, our model postulates that executive
cognits, like perceptual cognits, are formed through ascending
connections from the bottom up, and also by way of both
convergent and divergent axons.

It is reasonable to suppose that, at lower levels of the
executive hierarchy, the ascending connections carry what has
been called “efferent copies” of motor action. These are
recurrent impulses generated by cortical neurons as they engage
in the execution of movement. The neurons of primary motor
cortex send such recurrent ascending impulses to higher levels
at the same time that they send descending motor output to the
pyramidal system. Frontal recurrent inputs would thus consti-
tute a form of what Teuber (1972) called “corollary discharge.”
In premotor cortex, those ascending, recurrent inputs would be
associated by Hebbian principles to form motor networks and
cognits of motor action. That process of network formation
would continue upward through successively higher levels,
with inputs from increasingly more general action forming
executive cognits of increasing cortical breadth and generality,
from the motor act to the plans and to the abstract concepts of
actions.
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Thus, executive long-term memory consists of several levels
of cognitive memory, extending from the representation of
simple movements in primary motor cortex to the most abstract
representations of global action in the prefrontal cortex (Fig. 2,
executive memory). Every level feeds corollary discharge to the
one above, where networks are formed that represent more
extensive action—in both time and space. At the bottom, in
motor cortex, simple movements are encoded (phyletic motor
memory) that are defined by muscles and muscle groups. Above
that elementary motor level, in premotor cortex, the motor acts
are defined by immediate goal and trajectory. At the highest
level, prefrontal cognits represent plans and actions with more
distant goals.

To repeat, whereas the lowest stage of the executive
hierarchy represents the most elementary forms of motor ac-
tion, higher stages represent more complex and global actions,
which may have motor elements embedded in them but tran-
scend the somatic domain. Thus, premotor and prefrontal areas
come to harbor cognitive representations—cognits—of lan-
guage and reasoning that are essential for the articulation of
speech and for logical thinking. That is the reason why premotor
and prefrontal cortices play such an important role in these
activities. The premotor cortex (some argue that Broca’s area is
part of it) is clearly involved in the spoken language and the
lateral prefrontal cortex in higher conceptual reasoning and
creativity, as well as elaborate and abstract forms of language.

The cortical structure and dynamics of the executive hierar-
chy, like those of the perceptual hierarchy, differ radically from
the structure of social hierarchies. In social hierarchies, such as
those of industrial and military organizations, representation—
like power—is concentrated at the top; in cortical hierarchies, it
is distributed at the top. Because both perceptual and executive
hierarchies are formed largely by divergent connections, repre-
sentations at the top are much more broadly based, in neural
terms, than those at the bottom (in Fig. 2, cones upside down).
In neuropsychological terms, the practical implications of this
inverted distribution of representation are enormous. If the
model is correct, it implies that, because of their wider distribu-
tion, the higher cognits are more resistant to neurological da-
mage than the lower ones.

Indeed, a direct corollary of the model and of the evidence
supporting it is that the higher the cognit the greater is its resil-
ience, and thus the lesser its vulnerability to damage. Hence,
concepts and abstract semantic memory are generally less vulne-
rable to cortical damage than specific sensory and concrete
memories. The reason is because the former are anchored inmany
more associations with experience than the latter. By the same
token, in the executive side, a small lesion in primarymotor cortex
can have severe consequences in the representation—and execu-
tion—of movement, whereas it takes a much larger lesion in
prefrontal cortex to affect the representation—and execution—of
plans. At the same time, assuming lesions of comparable extent,
the inverse relationship between hierarchical height and vulner-
ability to damage is accompanied by a direct relationship between
hierarchical height and capacity for recovery. Therein lies one of
the reasons why the model and its corollaries are so appealing to
neurosurgeons and rehabilitation professionals.
4. The perception–action cycle

At all levels of the perceptual and executive hierarchies of
the cortex, as it is the case throughout the nerve axis, the
dynamic interactions between the two cortical hierarchies con-
form to the basic principle of the “perception–action cycle.”
Although its designation is mine, the principle has a long
history. In its original neurobiological form, it was first enun-
ciated and applied to higher animal species by Uexküll (1926),
and later to neurology by Von Weizsäcker (1950) and to com-
putational neuroscience by Arbib (1981) and others. The prin-
ciple can be stated as follows: The behavior of an organism is
subject to a continuous circular flow of information between
itself and its environment. Environmental stimuli are received
and processed by sensory structures; as a result of sensory
processing, actions are generated that cause certain changes in
the environment, which lead to new sensory input, and so on.
All stages of processing within the nervous system generate
internal feedback upon earlier stages, which serves to monitor
and modulate incoming signals at every stage.

In the mammalian nervous system, the connectivity for the
biocybernetic cycle described above has been anatomically
substantiated at all levels of the nerve axis, from the spinal cord
on up to the cerebral cortex. Every level, sensory or motor, is
connected by feed-forward and feed-back fibers with the level
above and the one below. In addition, reciprocal connections link
sensory and motor structures of comparable level. In the cerebral
cortex, the upper stages of the biocybernetic cycle constitute
what I call the perception–action cycle (Fig. 3). There, the
sensory information is analyzed in the context of existing
perceptual cognits and processed in the context of existing
executive cognits. The “historical” context of those existing
cognits makes the analysis and the processing maximally
adaptive. Those cognits are the source of much of the so-called
top–down control over both sensation and action. Top–down
control is the essence of both perceptual and motor attention,
which guides the organism through every step of the perception–
action cycle toward optimal adaptation to the environment.

Automatic, instinctive or well-rehearsed behavior does not
need to engage the cycle at its highest cortical levels. Such
behavior can be adaptively integrated at lower levels (e.g., basal
ganglia) without encumbering associative cortices. More novel
behavior, however, requiring decisions in the face of uncertainty
or ambiguity, does need to engage the posterior and frontal
cortices of association, linked at the top of the cycle by recip-
rocal cortico–cortical connections. The prefrontal and posterior
association cortices are essential when those decisions are based
on the mediation of cross-temporal contingencies (e.g., if now
this, then later that; if earlier that, then now this). Under these
conditions, when information must be carried over time, the
higher cortices are called to bridge time at the top of the cycle.

One cognitive function essential for the mediation of cross-
temporal contingencies at the top of the cycle isworking memory,
which we know critically requires the lateral prefrontal cortex
(Fuster, 1997).Workingmemory is not a special form ofmemory,
nor is it localized in prefrontal cortex or anywhere else. It is,
rather, the temporary activation of cognits of long-term memory



Fig. 3. The cortical components of the perception–action cycle. On the left the perceptual hierarchy, on the right the executive hierarchy. Unlabeled rectangles represent
intermediate areas or sub-areas of those labeled. All arrows represent connectivity that has been anatomically substantiated in the nonhuman primate.

131J.M. Fuster / International Journal of Psychophysiology 60 (2006) 125–132
updated or reconfigured for the attainment of a behavioral or
cognitive goal in the near future. It is the active maintenance of
cognits for the attainment of a behavioral goal or the solution of a
problem that makes working memory an executive function
(Baddeley, 1986). This puts it under the purview of the prefrontal
cortex. At the same time, because its content is generally a recent
sensory percept of only ad hoc importance for the organism,
working memory can be considered a form of attention: attention
temporarily focused on an internal representation (Fuster, 2003).
In the light of these inferences, we can readily understand the
mounting evidence that working memory is maintained by the
functional cooperation of lateral prefrontal cortex with posterior
cortex of sensory association. It is a reasonable hypothesis that the
maintenance is achieved by reverberating neural activity between
the two.

Working memory is just one of the functions by which the
prefrontal cortex, by top–down control of posterior perceptual
cortex, mediates the temporal organization of behavior,
language, and reasoning. There are others (e.g., set, inhibitory
control, monitoring) that extend beyond the scope of the present
article, and thus I cannot presently discuss (Fuster, 1997).
Nonetheless, because the posterior and the frontal associations
cortices and the cognits they harbor play such an important role
in imagination and in the generation of novel “gestalts” of
action, I should like to finish the article by briefly commenting
on the cortical substrate of creativity.

Clearly, all that is unique and original in human behavior,
language, art, and science, is the result of the restructuring of old
perceptual and executive knowledge: restructuring that is
geared to the acquisition of new knowledge or to the making
of new forms of action. There is nothing entirely new in those
activities, which essentially consist of the reshaping of existing
cognits. Thus, all forms of new behavior and expression involve
the restructuring of established networks in both perceptual and
executive cortices. That restructuring originates in the brain,
engaging many of its parts, and operates by mechanisms not yet
understood that involve such endogenous phenomena as
imagination, motivation, reasoning, and foresight. In the
creative process, the perception–action cycle generally begins
with the activation of those old or restructured networks at the
top of the cycle, in posterior and frontal association cortex.
After having been internally mobilized, the cycle continues to
operate through the environment until the creative process
reaches completion: the attainment of the behavioral objective,
the conclusion of the logical argument, the termination of the
work of art, the tested hypothesis, or the charted map. Whatever
the creative endeavor, and whatever the components of the
perception–action cycle that supports it, its generation and
guidance to completion require the executive control of the
prefrontal cortex (Fuster, 2003). For this reason the prefrontal
cortex has been called “the organ of creativity.”

5. Conclusions

In this article, a network model of cortical representation has
been outlined. Its main features can be summarized as follows:

1. The code of cortical representation is a relational code: me-
mories consist of networksmade of connections betweenmore
or less widely dispersed neurons of the cortex of association.
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2. Memory networks or cognits are formed as a result of
experience by synaptic modulation of their constituent neu-
rons and connections in accord with Hebbian principles.

3. A neuron anywhere in cortex of association can be part of
many networks, and therefore of many memories.

4. Perceptual memory is organized hierarchically in posterior
cortex; executive memory, in frontal cortex.

5. All cognitive functions—perception, attention, working
memory, language, and intelligence—consist of neural
transactions within and between cognits.

6. The temporal organization of actions in the domains of
behavior, reasoning, and language is critically based on the
interactions between prefrontal and posterior cortical net-
works at the top of the perception–action cycle.
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