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THE ORGANIZATION OF MEMORY

A PARALLEL DISTRIBUTED PROCESSING PERSPECTIVE

James L. McCLELLAND 1:'

SuMMARy

Parallel distributed processing (PDP) provides a contemporary framework for thinking about the nature and organization of perception,
memory, language, and thought. In this talk I describe the overall framework briefly and discuss its implications of procedural, semantic, and
episodic memory. According to the PDP approach, the processing of information takes place through the interaction of a large number of simple
processing units organized into modules. Storage occurs through the modification of connection weights based on the system response to its
input, that provides an opponunity for incremental storage. I will describe how connection modification may give rise through the course of
experience to procedural learning and to the formation of semantic memories, structured by their semantic content I will argue that the

discovery of semantic structure requires gradual learning, with repeated exposure to representative samples of the structure to be learned 
will then describe two neuropsychological implications of the PDP approach. First, I will consider the possible modular organization of
semantic information in the brain. Then, I will examine the role of the hippocampus in learning and memory. In the first case, we will see
how the PDP approach leads us to see how brain damage might produce apparent dissociations between categories, when infact the underlying
organization is not by category but by modality. In the second case, we will see that the PDP approach gives us a new way to understand why
it is important that unique, arbitrary associations not be stored all at once in the same memorys systems used for semantic information. This
leads to a specific theory of complementary roles of cortex and hippocampus, and to an explanation for the phenomenon of temporally graded
retrogade amnesill.
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RtsUMt

La methode dite . parallel distributed processing" (PDP) ofl're un nouveau cadre a la retlexion sur la nature et I'organisation de 
perception de la memoire, du langage et de la pensee. L' auteur decrit d' abord brievement I'ensemble de ce cadre et discute ses applications
ala memoire procedurale. semantique et episodique. Selon la methode DPD, Ie traitement de I'information passe par I'interaction d'
grand nombre d'unites de traitement simple organisees en modules. Le stockage a lieu par modification des poids de connexions, fondee
sur la reponse du systeme a ses atrerences, ce qui permet un stockage de plus en plus important. L'auteur decrit ensuite comment la
modification des coMexions peut aboutir, au tOurs de I'experience, a I'apprentissage procedural et a la formation de memoires semantiques
structurees par leur contenu semantique. II demontre que la decouverte d'une structure semantique exige un apprentissage graduel
comportant ime exposition repetee a des echantillons representatifs de la structure a apprendre. L'auteur dCcrit alors deux applications du
PDP a la neuropsychologie. II considere d'abord I'organisation modulaire possible (i'une information semantique dans I'encephale, puis
examine Ie role joue par I'hippocampe dans I'apprentissage et la memoire. Dans Ie premier cas, on voit comment la methode PDP amene
a envisager comment une lesion cerebrale peut provoquer des dissociations entre categories, alors que I'organisation sous-jacente n est pas
fondee sur la categoric mais sur la modalite. Dans Ie second cas, I'on voit que la methode PDP procure une nouvelle fa~on de comprendre

pourquoi il est important que des associations uniques et arbitraires ne soient pas toutes stockees en meme temps dans les memes systemes
mnesiques que ceux utilises pour I' information semantique. Tout tela aboutit a une theorie spCcifique des roles complementaires que jouent
Ie cortex et I'hippocampe ainsi qu a une explication du phenomene d' amnesie retrograde temporellement graduee.

How is . memory organized? This question actually sub-
sumes many more specific questions. To list only two, how
many different kinds of memory are there? What is the
substructure of each type ? These kinds of questions have
motivated a great deal of research, both psychological and
neuropsychological. Behind them lies another set of ques.

tions : Why is memory organized as it is ? What leads to its
organization? Are there fundamental computational issues

that dictate the form of the human memory system, or is it
simply a conglomeration of evolutionary artifacts ?

I will address some of these questions in this talk,
drawing on insights ftom the behavior of connectionist,
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parallel-distributed processing models of human memory.
FlI'St, I will briefly review the properties of such models.
Then, I will describe how structured procedural and seman-
tic knowledge may arise ftom learning in such systems. I
will argue that both kinds of learning depend on gradual
connection weight adjustment through repeated and inter-
leaved presentation to representative samples of the struc-
ture of the domains to which they apply.

I will then build upon these descriptions to address two
specific questions ftom the range of issues raised earlier.
Each question is at once neuropsychological and psycholo-

gical. The questions are :
How is semantic memory organized in the brain? Is it

by category or by modality?
Why is there is a special system - namely the hippocam-

pus - dedicated to the rapid acquisition of episodic

memories?
The investigation of these questions relates closely to the

legacy of Charcot, since they depend on the results of the
study of neurological patients, and they draw on a conside-
ration of the effects of brain damage on memory. They
bring this kind of study together with explicit computatio-
nal modeling based on the principles of parallel distributed
processing (POP). In both cases, I will argue that the
properties of POP models allow us to supplement the

careful analysis of patient behavior with theoretical observa.
tions that can dramatically advance our understanding of

the implications of the behavioral evidence for fundamental
questions like the ones posed above.

Let us begin with the parallel distributed processing

ftamework (Mc Clelland & Rumelhart, 1986; Rumelhart
&: Mc Clelland, 1986). It is a ftamework for building
explicit computational models of human cognitive function.
In this ftamework, we begin by assuming that cognition
takes place via the interactions of a large number of simple
but highly interconnected computational elements organi-
zed into groups or modules (fig. I). Each element is
something like a neuron, in that et aggregates inputs that
it receives ftom each other element via excitatory (positive)
and inhibitory (negative) connections. The sum of all 
these influences in turn determines the activation of the
unit, according to a simple non-linear function like the one
shown.

In systems of this type, what we might call the active
representation of information takes the form of the pattern
of activation over the units in the network. So, for example,
in the network illustrated in the figure, the presentation of

. a word would give rise to a pattern of activation over several
pools of units, one representing perhaps the alphabetic
content of the word, another its semantic content, and a
third its phonological content.

We think of the processing of information as the propa-
gation of activation among the units. In the brain, we
assume that this is an iterative process, and we simulate this
by dividing time into many small steps, and updating the
activation of each unit once in each timestep, based on the
activations of other units at the previous step. In the case
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Fla. 1.- The parallel-distributed processing fuunewon.

Le cadre du tI parallel-distributed processing JI.

Middle and bottom sections after Sejnowski & Rosenberg. 1987.

of networks with symmetrical connectivity, this causes them
to settle, after a pattern is presented, into a stable or
anraClor, in which the relevant patterns are active in all
parts of the network. In general the ftamework allows for
the possibility that cognitive states are represented as

trajectories or patterns of activation that change through
time. For the present our interest focuses on the simpler,

but still interesting case of attractor networks.
Now, given these conceptions of representation and

processing, let us consider knowledge and learning. Where
is the knowledge in a parallel distributed processing sys-
tem ? The answer is, it is stored in the strengths of the

excitatory and inhibitory connections among the proces-
sing units. So, for example, the knowledge that allows us
to translate an alphabetic pattern into a phonological

pattern is stored in the strengths of the connections in the
pathway leading ftom the orthographic to the phonological
modules. These weights, as we shall see, are capable of
storing the complex pattern of regular and exceptional

relations between the spellings of English words and their
sounds. Other sets of weights can capture the more arbi-
trary relations between spelling ~d meaning or between

meaning and sound.


