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INTRODUCTION

The short history of scientific study of human memory can be divided into three
periods. The first was inauguraled with the publication of Ebbinghaus's "Uber das
Gedichtnis® (1) in 1885, and lasted some 75 years, to around 1960. Problems of memory
were pursued by experimental psychologists under the general rubric of "verbal learning."
Emphasis was on experimental design and precise measurement of basic phenomena of
learning and forgetling. List-learning methods were almost exclusively used. The concept
of association, with its single property of "strength," was pressed into service of accounting
for just about all of the experimental findings.

Around 1960 the associative verbal-learning framework was largely replaced by the
“information processing” paradigm. A wider variety of problems, issues, approaches,
methods, and theorelical interpretations were adopled. Paired-associale and serial learning
procedures were largely abandoned in favour of free and cued recall, as well as recognition
and various kinds of memory judgments--recency, frequency, and the like. Experimental
studies of short-term memory led to theoretical distinction between primary (short-term) and
secondary (long-term) memory. Units of analysis shifted from lists to single items. Single
items were thought of as "evenls" whose occurrence subjects remembered. The distinction
between storage and retrieval became a significant experimental and theoretical concern,
Influential concepls such as levels of processing, encoding specificity, and encoding/retrieval
interactions emerged during this stage, as did "context®™ and "context effects.” Connections
were established between the previously isolated disciplines of cognitive psychology and
neuropsychology. Empirical new findings aboul memory were inlerpreted in terms of a
variely of processes. :

The current era of research, beginning some time around 1980, could be labelled
cognitive neuroscience of memory. It is characterized by further expansion and liberalization
of methods, techniques, and choices of questions and problems. The domain of "memory”
has expanded considerably. The central concepls of the era so farhave been priming and
memory systems. There has been a steadily growing convergence belween cognilive
psychology and neuropsychology, interest has deepened in the study of memory in memory-
impaired paticnts, more attention is being paid to memory in life-span development,
theoretically motivated and precisely controlled psychopharmacological studies of memory
have appearcd on the scene, computer modelling of memory processes has become
increasingly sophisticated, and neuroimaging approach to the study of memory is rapidly
overcoming its initial difficultics. The multidisciplinary study of memory has taken off with
a flourish.
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This paper reviews some of the recent work that has been done under the banner of
cognitive neuroscience of memory. It focuses on the issue of different forms of human
memory, with special emphasis on perceptual priming, semantic memory, and episodic
memory. It also presents a sketch of a general abstract model of organization of human
memory. This so-called SPI model helps to organize empirical facts into a simple but
gencral scheme in which memory processes (a focus of interest of the information
processing era) are related o memory systems (2 focus of interest of the current era).

HUMAN MEMORY SYSTEMS

Over the recent years empirical support has been adduced for the separability, on
either functional or physiological grounds, or both, among different "forms® of learning and
memory. Five major calegories of human memory, or "systems,” together with some
subcalegories or subsystems, for which reasonably good evidence is available now, are listed
in Table 1 (2-6).

Table 1 --Major Categories of Human Learning and Memory

System Other lerms Subsystems Retrieval
1. Procedural Mondeclarative Motor skills Implicit
Cognitive skills

Simple conditioning
Simple associative
learning

2. PRS Priming Structural descriplion Tmiplicit
Visual word form
Auditory word form

3. Semantic Generic Spatial Implicit
Factual Relational
Knowledge

4. Primary Warking Visual Explicit
Short-term Auditory

5. Episcdic Personal Explicit
Autobiographical

Event memory

The evidence for the biological and functional separability of the categories and
subcategories listed in Table 1 is still fragmentary, largely indirect, and of variable quality
and quantity. It is more than likely that the overall classificatory scheme will be elaboraled,
refined, and perhaps cven radically modificd as relevant rescarch unfolds.
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The ordering of the major systems in the overall classification scheme corresponds
roughly to their presumed developmental sequence, with the procedural system the earliest,
and the episodic the latest. The ordering of the systems also reflects the conjectured
relations among the systems: many operations of the later ones depend on, and are
supported by, the operations of the carlier ones, whereas earlier systems can operale
cssentially independently of the laler ones.

The scheme in Table 1 does nol include primitive forms of learning, such as
sensilization and habituation, because little work has been done with them in humans, and
sensory (iconic and echoic) memory, because little is known about their relation to forms
of memory other than short-lerim memory. Two entries in Table 1, semantic and episodic
memory are sometimes categorized together as declarative (7) or propositional memory (8),
as they share a number of features,  Another frequently used distinclion is that between
implicit and explicit memory (9-11). Implicit memory designates the gxpression of stored
information without awareness of its acquisition coordinates in space and time, that is,
expression of whal the individual has learned, withoul necessarily remembering how, when,
or where the lcarning occurred.  Explicit memory, on the other hand, refers to the
expression of what the person is consciously aware of as a personal experience (9, 10).
Retrieval (use or expression of acquired information) operations in the earlier syslems as
shown in Table | (procedural, PRS, and semantic) can be said to be "implicit," whereas in
the later systems (primary, working, and episodic) it is "explicit." Typical implicit tests are
priming tests, discussed below; typical explicit tests are recall or recognition of previously
cncountered ("studied") items or cvents,

The procedural system is an action system, its operations are expressed in the form
of skilled behavioral and cognitive procedures, independently of any cognition, Skilful
performance of perceplual-motor tasks, conditioning of simple stimulus-response
connections, and execution of cognitive skills such as reading are examples of tasks that
depend heavily on the procedural memory system.

The other four arc cogpnitive systems.  They mediale changes in cognition, or
thought. In the course of normal evéryday activity, the computational outputs of the
cognilive memory syslems typically guide overt behavior, but such conversion of cognition
into behavior is not an obligatory part of memory. Rather it is an optional post-retrieval
process. The ultimate output of cognitive memory systems is cxpressed in conscious
awarencss of the individual, which can, but need not, be converled into overt behavior such
as verbal expression. Indeed, in the laboratory the products of cognitive memory syslems
are analyzed in the form of "pure” experience or thought, with behavioral responses serving
merely as indicators of propertics of cognitive processes.

Perceplual priming is a specific form of learning that is expressed in enhanced
identification of objects as structured physical-perceplual enlitics. A perceptual encounter
with an object on one occasion primes or facilitates the perception of the same or a similar
object on a subsequent occasion, in the sense thal the identification of the object requires
less stimulus information or occurs more quickly than it does in the absence of priming.
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Semantic memory makes possible the acquisition and retention of factual information
in the broadest sense; the structured representation of this information, semantic knowledge,
models the world. Semantic knowledge provides the individual with the necessary material
for thought, that is, for cognitive operations on the aspects of the world beyond the reach
of immediate perception.  An example of the capabilitics of semanlic memory is knowledge
of location of objects in the nonperceived space, another is classification of objecls, cvenls,
or siluations--or symbolic descriplions of them--into higher-order conceplual calegorics
depending upon their functions and uscs.

Primary memory, also referred to as short-lerm memory, or working memory (2)
registers and retains incoming information in a highly accessible form for a short period of
time after the input. Primary memory, like other memory systems, is identificd through
dissociations of its products from those of other systems. It makes possible a lingering
impression of the individual's present environment beyond the duration of the physical
presence of the stimulus information emanating from the environment,

Episodic memory enables individuals to remember their personally experienced past,
that is, to remember experienced events as embedded in a matrix of other personal
happenings in subjective time. It depends on but transcends the range of the capabilitics of
semantic memory. The most distinctive aspect of episodic memory is the kind of conscious
awarcness that characterizes recollection of past happenings. This awareness is unigque and
unmistakably different from the kinds of awareness that accompany perceptual experiences,
imagining, dreaming, solving of problems, and retricval of semantic information. To
distinguish the episodic-memory awareness from these other kinds, it has been referred to
as aulonoelic consciousness (12, 13).

The forms of memory in Table 1 are listed in order of their assumed emergence,
from the carlicst to the latest, both with respect to the phylogenetic and ontogenctic
development, and with respect to the dependence relations that govern their operations.
Thus, procedural forms of learning and memory probably evolved first and develop early
in human infants, and episodic memory evolved last and develops later in human children.
It is also assumed that the earlier systems can exist and Tunction relatively independently of
the later systems, whereas complele operations of the laler syslems necessarily depend on
the carlier ones.

The hypothesis thal perceptual priming, semantic memory, and episodic memory,
like other major categories of memory, represent different neurocopnitive systems and
subsystems is supported by experiments conforming to the ask-comparison methodology
{14). Ouicomes of different memory tasks that are known or assumed to be differentially
weighted by contributions of different systems are systemaltically compared. Dissocialions
among these outcomes are regarded as providing support for the hypothesis of separability
of systems. Outcomes of lests are said 1o be dissociated if they differ as a funclion of an
independent variable, or if they differ for different proups of subjecls or paticnls, or for
different brain states. Dissocialions contrast with "parallel effects,” observations that the
manipulation of an independent variable or a treatment produces similar changes in the
outcomes of different tasks, or different measures of memory performance.

kY|

When a number of different dissociations—yielded by different kinds of subjects,
different tasks and situations, and different techniques--are seen as converging on the same
classificatory scheme, it becomes reasonable to hypothesize the existence of scparate
memory systems. Examples of such convergence will be presented later in this paper.
Although dissociations of inlerest are wsually observed first at the level of behavior,
behavioral data on their own are seldom sulficiently compelling (o allow exclusion of
allernalive interpretations of empirical facts. Classification of memory into different syslems
and subsyslems requires a broad-based mullidisciplinary approach. Funclional analyses of
lask performance must be integrated with relevant neurcanatomical, neurochemical, and
neurophysiological evidence.

Perceptual priming was identificd as a distinel form of memory only recently,
although the basic phenomena have been known for some lime (15). Perceplual priming is
observed and measured in experimental situations in which the obscrvers® task is to identify
target objects (frequently familiar words) on the basis of incomplele stimulus information.,
In these experiments the identification of target objects (naming, or assignment 1o a
category) is rendered difficult by reducing the amount of relevant stimulus information
available 1o the observer. In the priming test, incomplete or otherwise impoverished test
stimuli (cues) are presented to the observer with the instructions to read, name, label, or in
some other way identify (classify) the corresponding object {11). Experimental paramelers
are sclected in such a manner that the observer can identify only a certain proportion of
target objects in the test sample. Priming is said to have occurred if an earlier presentation
of the target objects results in an increased probability that the objects can be identified.

A typical perceptual priming experiment is very similar to a typical “explicit"
study/test memory experiment. It consists of two phases. The first phase consists of
“study®: the subject is asked to inspect a large number of objects in one or more categories,
such as familiar words, pseudowords, line drawings of objects, pictures of objects,
photographs of faces, and the like. The second phase is the "test": the subject is presented
wilh "cues" represenling incomplete or impoverished perceplual information aboutl both
previously studied and” previously nol studied "targel” objects. The test may follow the
study phase immediately, or afler a delay. The subject’s task is o jdentify the cued target.
Thus, for example, in the “fragment-completion” test, the word ASSASSIN may be
presented in the form of a graphemic fragment such as A---55-N, or -85--51-, or AS----IN,
and the subject is asked to say what the word is. In the "stem-completion” test, the target
words are cucd with their initial letters.  For example, FRAGMENT would be cucd with
FRA-----. At lest, the subject is presented with the three-letler "stem” and asked to produce
the first word that "comes to mind," Other kinds of cues have also been used (11).

Although most work on priming has been done with visually and awditorily presented
words, the elfecls are by no means limited to these malerials, Many different kinds of
nonverbal materials and tasks have been used, producing effects similar to those observed
with verbal items (16-19). I is reasonable o assume that priming of verbal materials
represents a more recently evolved specialization of percepiual learning capabilities that
ariginally emerged in the domain of identification of real objects. The juxlaposition of the
presumed ubiquity of perceptual priming and its late discovery is probably responsible, al
least in part, for the greal inlerest it now holds for students of human memory.



iz

In laboratory experiments it is the retrieval instructions--the question, "What is it?"--
that distinguishes priming tests from (ests of explicit retrieval. In these instructions, no
reference is made to any previous study phase of the experiment, and the subject need not
"Ihink back to" the study phase in order lo exhibit priming. In explicit memory tesis the
retrieval instructions always include some version of the question, "What was the item in
the presented list?" thus requiring explicit reference to a particular study episode.

Perceptual priming differs from two other major forms of priming, semanlic priming
© {20, 21), and gonceptual priming (22, 23). Perceptual priming is concemned with the
perceptible form and structure (or appearances) of objccts, or with lexical properties of
words, and has little to do with their function or meaning, whereas both semantic and
conceplual priming operale at the level of function and meaning, and are not greally
influenced by the perceptible features of words. In this paper, "priming” without qualifiers
always refers to perceptual priming.

The priming effcct is measured in terms of the differcnce between the probabilities
of identifying target objects that were presented in the study phase and those that were not.
For example, in an early experiment (24) subjects saw a list of 96 English words in the
study phase, presented at the rate of 5 s per word. An hour later, subjects completed 46
per cent of the fragments of studied words and 31 per cent of the fragments of nonstudied
words. The diffcrence belween these lwo quantitics represents the priming effect.
Experimental design assured thal the "old” and "new” target words were equivalent in every
respect save one--previous occurrence or non-uccurrence in the study phase. Thus, the
priming effect could be unequivecally altributed to the presentation of the word in the study
list.

AL first blush, the finding that subjects show a priming effect as described scems
uninteresting: Surely it has been known for a long time that subjects can "remember” all
kinds of things they have scen, including words in a list. On the basis of the information
stored in memory during the study episode the subjects can answer the "What is this item?"
question as readily as the *What was the item in the list?" queslion. Answers 1o both
questions are presumably influenced by the information encoded during the presentation of
the item in the study episode; both priming and explicit recall or recognition represent
similar aftereffects of the same original event. Why is yet another demonstration that people
remember words in a list noteworthy?

If priming were regarded as a form of "remembering”—-and it should not be, because
the term “remembering™ designates the function of episodic memory--it is a rather peculiar
form of remembering, because it behaves quite differently from the more conventional
forms of “remembering™ of the sort that were studied in the past. A great deal of evidence
has been accumulated to suggest that the principles of operation of priming are substantially
different from those poverning standard tests of recall and recognition. These differences
provide the basis for postulating the existence of a separatc "priming system” (hat has
evolved for the special purpose of fast identification of objects in the world to which the
organism seeks survival. The system subserving perceplual priming has been referred 1o as
the perceptual representation system, or PRS (24, 25). PRS consists of a number of
different subsysiems, each of which processes particular type of information (10, 13).
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The properties of the PRS, and its operating principles, are suggested and delineated
by the outcomes of cxperiments in which priming is compared with explicit forms of
retrieval such as recall and recognition, Thorough raviews of priming experiments done with
both normal subjects (11) and amnesic patients (10) have recently appeared. A selected list
of differences betwcen priming and explicit retrieval is shown in Table 2.

Table 2

A selected list of features differentiating perceptual priming and explicit retrieval.

Feature Priming Explicit
Perceptual exposure Sufficient Insufficient
Perceptual features Relevant Irrelevant
Sensory modality Sensitive Insensitive
Size changes Insensitive Sensitive
Language shift Sensitive Insensitive
Encoding operations Irrelevant Relevant
Massed repetition Ineffective Effective
Consciousnecss Anoelic Autonoctic
Contingency relation Independent Posilive
Access Hyperspecific Flexible
Duration Longer Sharter
Development Invariant Variant
Drugs Less sensitive More sensitive
Anlerograde amnesia Preserved Tmpaired
Evoked polentials No P00 P300

"

The evidence speaking to many of thesc features is exiensive, A summary is

presented in what follows,

Pereeptual cxposure.  Mere perceplual exposure of an object to the observer is

sufficient to produce priming, but it is not always sufficient for subsequent explicit retrieval

(1)

Perceptyal (strugtural) features. Priming is sensitive to the compalibilily between the
perceptual format of the studied item and the test cue. Priming effects may be considerably
reduced if the pereeptual formal at lest is chanped from that used at study, whereas similar
shifts in structural features have litlle effect on explicil memory (19), or sometimes opposile
effects (26).

Sensory modality. Priming effcets are reduced, and somelimes eliminated, when the
sensory modality at test does nol match the modality at study, whereas similar mismatching
of modalitics has little effect on explicit memory (27).




34

Size changes. Changing the physical size of the target object from study to test
resulls in the reduction of explicit memory performance but has no effect on priming (16,
28).

Language shiff. Priming does not transfer across languages. Little priming is found
when bilingual subjects study the material in one language and are then tested for priming
for the same words in the other language (29, for an exception see 30).

Encoding operations. The cognitive format of enceding an item at study, manipulated
experimentally through different "encoding operations,” invariably produces large effects
in explicit memory (31, 32). But similar variations in the encoding operations performed
on target items at study have little or no effect on priming (33, 34).

Massed repetition. Al least some forms of priming seem o be impervious to the
effects of massed repetition of target items at study. Priming effect is as large when the
target item is seen on a single study trial as it is when the target item is seen on 16
immediately successive study trials (35).

Conscious awareness. Unlike the expression of other kinds of cognitive memory,
expression of priming is nonconscious. An observer in a priming situation need nol be
aware that he has been exposed 1o the target object on a previous occasion in order to
benefit from the exposure (36-38).

Contingency relation. Priming effects are as large for the target items that the
subjects consciously recognize as having occurred in the study list as they are for the study-
list items that the subject does not recognize (23, 39). This kind of stochastic independence
between facilitated perceptual identification and unawareness of prior occurrence, in a
situation in which the observer is aware of the previous study phase, provides another
objective basis for the claim that priming is a "nonconscious” form of memory.

Access. There is some evidence that access Lo the information that supporls priming
may be rather rigidly hyperspeeific. Observed priming cffects are the largest, and somctimes
occur only, when the cues at test fit the previously primed object precisely (19, 40).
Moreover, success or failure of performance on the priming lest through one cue is
independent of the success or failure through a different cue, although the tests are
otherwise highly reliable (23). Such "configural hyperspecificity” represents an extreme
example of the delermination of priming by perceptible "surface features” of objects.

Duration. Some priming effects decay very slowly over time, not only in normal
subjects (26, 41) but also in amnesic patients. In one experiment (42) it was found that the
primed fragment-completion performance by the amnesic patient K.C. showed practically
no decline over a 12-month period during which he was not exposed 1o the larget ilems.

Development., Perceplual priming is largely invariant across developmental slages
though childhood, adulthood, and old age, whereas explicit memory may show large
systematic changes (43-46). Priming effects shown by three-year old children may be as
large as those shown by adults (47)-
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Drug effects. Priming effects are less adversely affected, or not affected at all, by
amnestic drugs such as diazepam, which can substantially impair learning and rciention on
explicit tasks (48, 49). However, another benzodiazepine, lorazepam has been claimed Lo
impair priming more than explicit retrieval (50).

Anterograde amnesia. Priming is preserved in most cases of anterograde amnesia.
Amnesic patients who have great difficulty learning new associative knowledge frequently
show normal priming effects {5!—53}.

Fvoked potentials, Evidence has been reported that evoked potentials elicited by
studied items differ depending upon their subsequent recallability (explicit retricvability)
whereas no similar patterns has so far been found for studied items depending on their
subsequent production or nonproduction in priming lests (54, 53).

The evidence summarized here illustrates how different forms of memory are
influenced differently by independent variables, and how their expressions vary when
subjected to identical treatments. It is this kind of evidence that encourages the search for
their separate neural substrates. So far neuroanalomical and neurophysiological correlates
of PRS have remained elusive. The fact that severely amnesic patients frequently show
perfectly normal priming implies that priming is mediated by neuronal pathways that lie
outside the medial temporal and diencephalic regions whose damage frequently resulls in
amnesia. It can be conjectured that priming involves corlical regions that are closely
connected to primary sensory areas. For example, identification of visual words involves
bilateral extrastriate regions of the occipital lobes (56), and it can be surmised that the same
regions play a role in priming of word identification. On similar grounds it can be assumed
that priming of objcct identification depends on the right posterior cortical regions (37), and
that neural computations underlying priming of face recognition are performed in the same
region that is involved in identification of faces (17). Dircct evidence is still lacking.

One complicating factor standing in the way of identification of the neural substrates
of priming lics in the abscnce of relevant data from animal experiments. Memory processes
and memory systems of other animals are both similar to and different from those of
humans. It can be assumed that the earlier forms of learning and memory are similar in
many animals, whereas the later forms are either different or lacking altogether in sub-
hwman species, It is also reasonable to hypothesize thal the neuronal subsirales and the
operaling principles of the earlier evolved systems overlap considerably across species,
whereas some of the more recently evolved structures and mechanisms are unique to
humans. As perceplual priming represents a rudimentary capability whose biological utility
seems o be obvious, we would expect it 1o be ubiquitously represented in many species.
Interestingly, priming is yet to be demonstrated experimentally in any of the nonhuman
species.

What about the "other" system, the one that subserves explicil retrieval? To answer
this question we must turn o another distinction. At the level of cognilive analysis it is
described as a distinction between knowing and remembering; at the level of conceptual
analysis, it will be identified with semantic and episodic memory syslems.
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SEMANTIC KNOWING AND EPISODIC REMEMBERING

The idea that people sometimes just know about things they have experienced
whereas on other occasions they explicitly remember them is an old one. It was well known
to Ebbinghaus, who referred to the difference between "simple return of recurring ideas”
and the accompanying "knowledge of their former existence and circumstances” (1, p. 38).
This latter form of memory, Ebbinghaus thought, was a manifestation of "higher mental
life.” William James, too, in his classic "Principles of Psychology® (58) clearly
differentiated between conceplions and memory. James defined memory in terms of the
*warmth and intimacy” that thoughls about one's personal past bring lo mind. The
proverbial person in the street, when thinking about memory, usually has in mind
Ebbinghaus’s “knowledge of the former existence and circumstances” of idcas, or the
Jamesian memory. We refer o this form memory as episodic memory, and think of its
function as "remembering.”

In the past, observations about knowing and remembering were usually interpreted
within a unitary framework of human memory. The two cognilive functions were seen as
separale aspects of the workings of one and the same complex system. It has been only
over the last 20 years or 5o that the possibility has been raised that these two forms of
cognition-—knowing and remembering--represent the end-produets of different neurocognitive
systems. When the old idea about the two distinctive forms of cognitive memory was
resuscitated under the labels of semantic and episodic (59) there was little hard, systematic,
empirical evidence available to support it. Therefore the distinction was initially presented
merely as a possibly useful heuristic or classificatory device. Over the subsequent years
more relevant empirical evidence has come to light, and the hypothesis that these two forms
of memory represent separable neurocognitive systems is on a firmer footing now. As
frequently happens, the concepts have also changed, especially that of cpisodic memory.
The story of these changes has been recorded in greater detail elsewhere (5, 8, 13).

Semanlic memory is concerned with general knowledge; its basic function is to
enable knowing. The designation is somewhat misleading: semantic memory is not
necessarily tied either to language or to meaning. A betler label would be "generic®
memory, or “knowledge of the world,” but the appellation in use is retained for historical
reasons. Semantic memory allows organisms to acquire, and inlemally represcn,
information about complex stales of the world that are not present to the senses, that is,
states of the world that exist clsewhere, either in a concrete or abstract form. Semantic
memory models the complex world outside the individual, or acts as a surrogate for i, thus
allowing for vicarious cognitive operations lo be performed on the world prior to, or as a
substitute for, corresponding overt operations, The organism possessing a semantic memory
system can think about things thal arc not here now. There are excellent reasons for
supposing that many animals have semantic memory: they possess their own specific
knowledge of the world, much of it learned through experience, and much of it shaped by
and closely tied 1o the pereeptual capabilities of the species.  Exeellent knowledge of space,
and of spatial relations, for example, is well established in mammals and birds. Semantic
memory in humans transcends semantic memory capabilities of other animals by virtue of
the fact that human beings, aided by language, can cncode, process, and express abstract
and symbalic knowledge in ways not possible for other animals.
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Episodic memory is concerned with experienced events; its basic cognitive function
is to enable remembering (or conscious recollection) of personal happenings from the pasl.
Its operations are assumed to be subserved by a neurocognitive system specialized for thal
purpose. Episodic memory grows out of but remains supported by semantic memory. This
hicrarchical {or monohierarchical) arrangement means that an organism possessing a fully
functional cpisodic memory system must also possess an intact semantic system. Episodic
memory transcends scmanlic memory by being self-referential: its conlents include a
reference to the self in subjective space and time. As semantic memory allows individuals
to process information about ohjects and their relations in spage, and abstractions derived
from space, so episodic memory enables people lo remember personally experienced events
and their temporal relation in lime. Those who possess episodic memory are nol only
capable of thinking about things not present in the immediately perceptible environment,
they arc also capable of "mental time travel." In their own awareness they can transport
themsclves into their previously expericneed past, as well as into the future. These kinds
of neurocognitive achicvements are not possible for organisms who do not possess episodic
memory. There are reasons o believe that other animals, young human children, and
patients suffering from certain kinds of brain damage may be deficient, sometimes grossly
deficicnt, in this kind of ability.

The idea thal semantic and episodic memory represent different neurocognitive
systems has been slow lo gain support, probably because at first glance the two pulative
systems scem o be more similar than diffecent.  Both are large, complex, long-lerm,
structures that render feasible acquisition and retention of faclual information about the
world, The operations of both systems can occur independently of overt behavior: both are
cognilive syslems. Both process "declarative” (7) or "propositional” (8) information that
has truth value. Both are "representational™: they represent (complex) slales and relations
*in the world.” That is, both "model™ the environment, including aspects of the intcrnal
environment, of the individual. Both arc capable of storing new, intricate information as a
result of a single exposure to the information.  The operation of encoding information into
episodic and semantic memory seem to be highly similar and governed by the same general
rules. Finally, episodic and semantic memory resemble each other with respect to flexibility
of access Lo the stored infirmation, and by virtue of the possibility of expressing retrieved
information through language or in some other symbolic form. Because of all these
correspondences, the parsimonious position that memory mechanisms subserving knowing
of facts and remembering of personal events arc cssentially the same has appeared and
remained allractive to many.

Mevertheless a closer look reveals differences thal can be seen as basic and
fundamental.

THE CASE OF K.C.

It is difficull to scparate semantic and episodic processes in normal human adulls.
But the separability is revealed by special cases of brain damage in which the neural systems
subserving the two forms of memory are differentially impaired. As an illustration, consider
the case of K.C,
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K.C., a man born in 1951, suffered a motorcycle accident in 1981 that extensively
but highly selectively damaged his brain. Although his other cognitive functions--perceplion,
short-term memory, language, thought--are quile normal, he cannot remember, in the sense
of episodic memory (bringing back lo aulonoetic awarcness) a single thing thal he has ever
done or cxpericneed in the past (13). His short-term memory allows him access Lo
happenings from the last few minutes of his life. Beyond Lhis very narrow temporal window
his anterograde amnesia for personal events is a5 severe as that observed in any amnesic
patient, including H.M. (60). In addition, K.C.'s retrograde amncsia Tor personal
happenings extends back all the way to his birlh. {The casc has been described in more
detail clsewhere, 12, 42, 61, 62).

Yel K.C.'s semantic memory is reasonably intact. He does know many things about
the world: the semantic knowledge he had acquired before his accident is largely intact. He
knows who Louis Armstrong was, where the Sahara deserl is, why dark-colored clothes are
warmer than light-colored clothes, the difference between stalagmites and stalactites, the
definition of "spiral mandrel,” and thousands of other such "facts of the world.” Part of his
preserved knowledge has to do with his own past life: He knows things about himself and
his past. Thus, not only does he know that his family owns a summer cottage, its location,
and the fact that he has spent many summers and weckends there; he also knows that he
owned a personal car, and its make and year. But this kind of "autobiographical” knowledpe
is all impersonal knowledge. It is knowledge of aspects of one’s life from the point of view
of an observer rather than that of a participant. It is rather similar to the knowledge one
possesses about other people and their lives.

These kinds of dissociations between episodic remembering and semantic knowing
originating in the patient’s premorbid life support the idea that the two funclions are
subserved by separale neurocognilive syslems. Bul they are not decisive, because the
observations can be accounted for without recourse to the postulation of different underlying
systems. Experimental findings regarding the acquisition of new information by memory--
impaired patients are more telling.

In one exlensive study of the amnesic patient K.C., we obtained highly consistent
evidence of his ability to learn new semantic knowledge and to retain it, as [ar as we could
tell, normally over a long interval of time (42). In another experiment (61), we also caught
a glimpse of the reasons why in many previous investigations such new semantic learning
has been declared to be beyond the capabilities of amnesic patients. In the study of K.C."s
ability to lcarn new semantic information (42), we laught him 64 three-word sentences (such
as STUDENT WITHDREW INNUENDO) over a number of widely distributed learning
trials. We then tested K.C. for his learning over a number of scssions, with both word
fragments (IN-U--D - far INNUENDO) and with the two-word “sentence frame” (e.g.
STUDENT WITHDREW -—------ ). 1t is important to keep in mind that at no time did
K.C. remember any of the previous learning sessions or the visits to the laboratory. When
we gave him the senlence frames al test, we did not ask him to produce the third word that
he had previously learned, because he could neither remember any previous learning of the
sentences nor could he recognize the senlences as familiar. Instead we simply asked him to
provide a third word that would represent a meaningful completion of the whole senlence.
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At the end of the training, K.C, could complete 70 per cent of the graphemic
fragments of the 64 target words. This high level contrasts with the 12 per cent completion
perl'urmance before training, and illustrates his capabilities in percepiual priming. His
primed frapment completion performance remained at a high 69 per cent over the following
12-month period, in the absence of any inlerpolated training or testing. His senlence
completion performance at the end of the training was 59 per cent, and a year laler it was
still 39 per cenl, suggesting rather normal forgetting.,

An important fnding from the study just described (42), apart from K.C.'s
demonstrated capability of learning new facts, was that of stochastic independence between
perceptual priming and semanltic learning: the target words that he had learned o complete
to fragmenls were different from those that he had learned to produce in the sentence
completion test.

Data from another experiment with K.C. (61) suggested that the success of K.C.'s
sc:man._:ic. leaming was al least partly attributable to the method we used. The lests
administered to K.C. during the multiple distributed learning trials were such that they
!argely eliminated incorrect, polentially inlerfering, responses to sentence frames, resulling
in "errorless” learning. As normal subjects suffer less from interference than do memory-
impaired individuals, these results suggest that normal subjects’ intact episodic memory
allows the learner Lo avercome interference and to correcl errors in a fashion nol possible
for amnesic subjects. AL any rate, minimization of inlerference seems Lo be an important
determinant of semantic learning by amnesics. (It is worth mentioning that in a study that
Suzanne Corkin and I conducted at MIT with H.M., a stuwdy comparable in many ways lo
that done with K.C., H.M. did not show any evidence of new scmantic learning.)

~ The single-case experiments with K.C. provide a graphic illustration of a three-way
dissociation among (1) remembering of events (totally lacking in K.C.), (2) acquisition of
new "facts of the world” {possible for K.C., even il much more slowly and laboriously than
1n_nnm_1:-l! learners), and (3) perceptual priming (K.C. al leasl as proficient as average
unwclr.nr.:,.r students). Whal is especially relevant here is the sharp contrast between semantic
learning and retention on the one hand, and the absence of any episodic remembering on
the other hand, because the implications of these kinds of dissociations are not yet fully
appreciated. In support of the findings with K.C., other evidence has been reported that
speaks to the issue of the separability of, and the relation between, semantic and episodic
l’qrms_nf memory (4, 13), and there are reports of other patients who have exhibited similar
dissocialions belween more impaired remembering of personal evenls and less impaired
gnnc:_ral knowledge (63-65). Perhaps . the most significant observation is that there is
considerably more relevant evidence available today than there was only ten years ago (42).
It is the slow but sleady increase in this kind of evidence that encourages us to entertain
thoughts thal the distinction belween episodic and semantic memory is biologically real,

1t is assumed here that the medial lemporal lobe and diencephalic siructures—damage
to which frequently produces amnesia (3, 66)--are critical for operations such as encoding
and consolidation of information in the semantic memory system, even if they are not
critical for retrieval. To the extent that episodic memory depends on the semantic system
they are also critical for the corresponding episodic memory operations. It is also assumed
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that certain prefrontal cortical areas play a special additional role in remembering of aspects
of personal experiences, such as temporal sequencing of events (67-69). At Toronto we are
currently exploring the hypothesis that the frontal pole regions (Brodmann Area 10) are
involved in episodic memory., Area 10 is a promising candidale region in the quest for
localization of episodic memory, because, like episodic memory, it has evolved recently,
it is rather different in humans than monkeys, it has appropriate connections lo the limbic
system, including the amygdala, and its funclion or functions are largely unknown (D.
Pandya, personal communication, May 20, 1993). Ontogenetically, myelination is
‘completed last in association arcas, including the prefrontal cortex (70).

5P MODEL OF ORGANIZATION OF MEMORY

The kinds of findings that have becn briefly reviewed in this paper, and ideas that
have emerged from them, allow us to speculate about a problem that has recently moved
to the center stage: What is the nature of the interrelations between and among different
memory systems?

The problem demands a reconciliation between two sels of seemingly conflicting
iddeas that many people, justifiably, now hold about different memory systems. One sel
concerns [he separability, distinctness, or independence of systems. A cerlain degree of
autonomy is a nccessary precondition of the separale funclions that different memory
systems serve (T1). Such presumed autonomy also implies separability at the level of neural
substrates, The other set of ideas, equally reasonable and sensible, has to do with the
interaction among the syslems. It is an almost universal belief that most, if not all, memory
tasks that are continually carricd out in the course of ongoing behavior of the individual are
accomplished through the close cooperation among many systems. Interaclion and
cooperation  imply  interdependence? So, are different systems independent  or
interdependent?

On the basis of the kinds of data reported in this paper and a good deal of other
evidence, it is possible to sugpest a simple, general, abstract model of organization of
memory that takes us a step closer to answering this question. It is referred 1o as the SPI
model. SPI stands for “serial, parallel, and independent.”  [ts central assumption is that the
nature of relation among different cognitive systems is process-specific: the relations among
systems depend on the nature of the processes involved. Specifically it is assumed: (1)
Information is encoded into systems serially, with encoding in one system being contingent
on the successful processing of the informalion in some olher sysiem, that is, with the
output from one system providing the input into another. (2) Information is slored in
different systems in parallel, The information in each system and subsystem, even if it all
originates in one and the same act of perceplion, or a "study episode,” is diffcrent from that
in others, its nature being determined by the nature of the original information and the
properties of the system. Thus, what appears to be a single act of encoding--a single glance
at a visual display, or a single short learning trial--produces multiple mnemonic effects, in
different regions of the brain, all "existing” (available for potential access) in parallel. (3)
Information from cach system and subsystem can be retrieved without any neccssary
implications for retricval of "corresponding” information in olher systems. In this scnsc

retricval is independent.
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Table 3

Process-specific relations among cognitive memory syslems

Process Relation

Encoding  Serial
Storage Parallel
Retricval Independent

The SPI model holds that when an event such as the presentation of an unfamiliar
but meaningful sentence occurs, information about different aspects of it is registered in
multiple memory systems. Information embodying the structural features of constituent
stimulus objects (words) is regisiered in the perceplual representalion (word form) syslems:
this information tells the brain aboul the kinds of objects that are "out there." The products
of the processing in PRS can be retrieved, as happens in priming experiments, or they can
be forwarded to the semantic systems for more elaborale processing of the relations among
the words and their meaning. The output of the semantic system tells the brain about the
conlingencies of the world. This oulput is normally also forwarded to the cpisodic system,
that further claborates the information by computing its temporal-spatial contextual co-
ordinates in relation lo already existing episodic information, or the "self.”

Thus, the overall information generated by a "single” event is distributed throughout
the brain, with different aspects of the information coded in their own specific, possibly
unigue, form in different regions. Whether or not the information within a given system
is tightly localized or more widely distributed remains a mool point.

The SPI model providers tentative answers to a number of questions that can be
asked about the relation between and among systems: In whal sense are memory syslems
and subsystems independent? In what sense are they interdependent? How dow they
interact? Do they operate in series? Is information entered into, or retrieved from, one
system through another? Do they operate in parallel? The model proposes that different
systems are dependent on one another in the operations of interpreting, encoding, and initial
storing of information. (Interpreting and encoding here apply to all incoming information,
including that held by retrieval instructions and retrieval cues.) And it proposes that once
encoding has been completed, information is held in many different systems “in parallel®
and can be retrieved from different systems independently ol whal happens in other syslems.

The SP1 model helps us o make sense out of a number of known facts. Some of
the examples are: (1) Various dissocialions between priming and explicit tests of memory,
including observations of stochastic independence. (2) The impossibility of certain kinds of
double dissociations in silualions involving acquisilion of information, coupled with the
possibility of corresponding double dissociations in situations involving retrieval of alrcady
existing information. (3) The possibility of new semantic learning in the absence of
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remembering of the learning. (4) The fact that neural structures necessary for acquisition
of new information are not always necessary for retrcval. (5) The fact that certain
pharmacological agents affect acquisition of new knowledge but not retrieval of existing
knowledge, The evidence for all of these and many olther comparable stalements is
extensive, bul ils discussion is beyond the scope of the presenl paper,

The 5Pl model is highly abstract. No specific neuroanatomical or neurophysiological
implications are claimed. Il is compatible with many possible more concrele neurobehavioral
and neurocognitive models. We can replace any one of the abstract "syslems" in the model
wilh a corresponding (known or assumed) neural structure--such as the hippocampal
structure--without changing the basic logic. The basic assumptions of process-specific
relations among systems should remain valid: encoding is scrial, storage is parallel, and
retrieval can be independent.

The SPI model represents an extension and elaboration of earlier ideas concerning
the relations among memory systems, especially the conjecture that, contrary to popular
views, episodic memory evolves and develops later than, and in its operations depends on,
semantic memory (4). It has a number of affinities to other theories of organizalion of
memory. Thus, to give just a few of many possible examples, it shares with Weiskrantz
(6) the current concept of five major systems, with Squire (3) the ideas of ecarlier
("nonhippocampal") and later ("hippocampal”) systems, with Johnson (72) the notion of
multiple entries of information into different systems, and with Moscovitch (73) the
emphasis on the nature of inlerrelations among memory processes and componens.

The 5P1 model is probably most closely related to Lynch and Granger's (74)
“assembly line" model. In this model, too, operations occur in a serial fashion, leading,
among other things, to "the expectation that late functions can be dissociably removed
without affecting early functions, but that damage (o early functions will also damage late
functions" (74, p. 196). Lynch and Granger come o their views on the basis of work on
leng-term potentiation as a possible storage mechanism of olfaclory memory in rals, whereas
the (mono)hierarchical features of the SPI model were suggested, among other things, by
observed dissociations between forms of awareness associated with retrieval of personal and
impersonal information in memory pathology. Such a convergence of ideas from "botllom-
up® reasoning based on work with animals and "top-down" reasoning based on work with
humans may be just an inleresting coincidence. Bul there is a possibility that it will turn
out to be more than that, perhaps even a genuine insight into how cvolution has built the
complex machinery of biological memory and organized its operations.
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