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Abstract
The topic of multiple forms of memory is considered from
a biological point of view. Fact-and-event (declarative, explicit)
memory is contrasted with a collection of nonconscious (nondeclarative, implicit) memory abilities including skills and habits, priming, and simple conditioning. Recent evidence is
reviewed indicating that declarative and nondeclarative forms
of memory have different operating characteristics and depend

on separate brain systems. A brain-systems framework for understanding memory phenomena is developed in light of lesion
studies involving rats, monkeys, and humans, as well as recent
studies with normal humans using the divided visual field
technique, event-related potentials, and positron emission tomography (PET). m

INTRODUCTION

TERMINOLOGY
Declarative Memory

The recognition that there are multiple forms of memory
developed beginning in the early 1980s, and now only
10 years later a substantial body of experimental data
and theoretical material has accumulated. As with any
new idea, one can point to historical precedents and
frank anticipations (for reviews see Hintzman, 1990;Polster, Schacter, & Nadel, 1991; Roediger, 1990; Schacter,
1987; Squire, 1987; Tulving, 1985;Weiskrantz, 1987). Yet,
in the early 1980s one can also identify a few experimental findings that were especially influential in establishing the idea that memory is not a single mental faculty
(Cohen & Squire, 1980; Graf, Squire, & Mandler, 1984;
Jacoby & Witherspoon, 1982;Malamut, Saunders, & Mishkin, 1984; Tulving, Schacter, & Stark, 1982;Warrington &
Weiskrantz, 1982). In the short time since these experiments were carried out, the topic of multiple forms of
memory has become a major theme of memory research.
Recent work has focused especially on three fundamental
issues: What are the various kinds of memory? What are
their characteristics? How is each kind of memory implemented in the organization of brain systems? Following some introductory remarks about terminology, each
of these issues will be discussed in turn.
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Although a variety of terms have been used, one finds
striking consistency among them. One kind of memory
provides the basis for conscious recollections of facts
and events. This is the kmd of memory that is usually
meant when the terms “memory” and “remembering”
are used in ordinary language. Fact-and-event memory
refers to memory for words, scenes, faces, and stories,
and it is assessed by conventional tests of recall and
recognition. This kind of memory was termed “declarative” to signify that it can be brought to mind and that
its content can be “declared’ (Cohen & Squire, 1980;
Cohen, 1984; for its earlier use in psychology, see Anderson, 1976). Other similar terms include explicit memory and relational memory. Declarative memory
identifies a biologically real category of memory abilities.
Severely amnesic patients fail tasks of recall and recognition (declarative memory), while succeeding as well as
normal subjects at many other kinds of memory tasks
(see below). Thus, declarative memory depends on the
integrity of brain structures and connections in the medial temporal lobe and the diencephalon that have been
associated with memory functions and that, when damJournal of Cognitive Neuroscience Volume 4, Number 3

aged, cause amnesia. At the same time, it should be
emphasized that declarative memory is not just a story
based on what amnesic patients can and cannot learn.
That is, the concept of declarative memory is not locked
into circularity around the performance of amnesic patients. For example, it is notable that the operating characteristics of declarative memory also distinguish this
form of memory from other forms (see Characteristics
of Declarative and Nondeclarative Memory, below). It is
important that distinctions between kinds of memory not
rest on dissociations alone and that they can be supported by independent sources of evidence (cf. Sherry
& Schacter, 1987; Schacter, 1992). In this way, one can
go beyond simply dissociating one component of cognition from another and begin to understand how functions are actually related to each other and how they are
organized in the brain.

Nondeclarative Memory
Declarative memory can be contrasted with a collection
of nonconscious memory abilities, all of which are intact
in otherwise severely amnesic patients. The term procedural memory was originally used to contrast with declarative memory (Winograd, 1975; Cohen & Squire,
1980). Whereas the term procedural appropriately describes a wide variety of skill-based kinds of learning,
certain memory phenomena have also come to light that
are clearly not declarative but that are also not well
accommodated by the term procedural. Subsequently,
we suggested the broader and more neutral term nondeclarative to identify a heterogeneous group of learning
abilities that are defined not by any positive feature so
much as by the fact that they are not declarative (Squire
& Zola-Morgan, 1988). Thus, the memory abilities that
are not declarative are not of a single type and are not
subserved by a single brain system. Whereas declarative
memory refers to a biologically meaningful category of
memory, which is dependent on a specific brain system,
nondeclarative memory embraces several kinds of memory and depends on multiple brain systems. The term
implicit memory (Reber, 1967; Schacter, 1987) has a
meaning similar to nondeclarative memory.

KINDS OF MEMORY: A SUMMARY OF
RECENT DATA
Studies with amnesic patients have provided particularly
compelling evidence about the kinds of learning that are
declarative and nondeclarative. Amnesic patients fail tasks
of recall and recognition (tasks that are thought to depend on declarative memory), so that a finding of fully
normal performance in this patient group constitutes
strong evidence that a task does not depend materially
on the strategies of declarative memory. Although this
section focuses on findings from amnesic patients, other
important information has come from demonstrations of

functional dissociations in normal subjects and also from
studies of rats and monkeys with surgical damage to the
brain structures that, when damaged in humans, cause
amnesia.
Nondeclarative memory includes information that is
acquired during skill learning (motor skills, perceptual
skills, and cognitive skills), habit formation, simple classical conditioning including some kinds of emotional
learning, the phenomenon of priming, and other knowledge that is expressed through performance rather than
recollection. Experience can cumulate in behavioral
change but without affording conscious access to any
previous learning episodes o r to any memory content.
To be sure, many skill learning and conditioning paradigms give rise to both declarative and nondeclarative
knowledge (Mackintosh, 1985; Willingham, Nissen, &
Bullemer, 1989). However, the two kinds of knowledge
can arise independently. Some tasks tap primarily what
has been acquired declaratively; some tap nondeclarative
knowledge; still other tasks measure the contribution of
both declarative and nondeclarative knowledge. Figure
1 illustrates a classification scheme for declarative and
nondeclarative memory.
Skills and Habits
Amnesic patients can acquire a variety of skills at an
entirely normal rate. These include motor slulls (Brooks
& Baddeley, 1976), perceptuomotor skills (Nissen & Bullemer, 1987), perceptual skills (Cohen & Squire, 1980),
and cognitive skills (Squire & Frambach, 1990). Studies
with speeded reading tasks, among other methods, show
that acquired skills can reflect highly specific information
about the items that were encountered (Moscovitch, Winocur, & McLachlan, 1986; Musen, Shimamura, & Squire,
1990;Fig. 2A). Moreover, the skills can be based on novel
material (Musen & Squire, 1991; Fig. 2B).
Skill-based learning is also intact in monkeys with large
medial temporal lobe lesions who fail tasks of object
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Figure 1. Classification of memory. Declarative (explicit) memory
refers to conscious recollections of facts and events. Nondeclarative
(implicit) memory refers to a heterogeneous collection of abilities
whereby experience alters behavior nonconsciously without providing access to any memory content. (From Squire & Zola-Morgan,
1991.)
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pend on nondeclarative memory. In the artificial grammar learning paradigm (Reber, 1967), subjects first
inspect a group of letter strings that adhere to a finitestate rule system. Subjects are then able to classify new
letter strings as either “grammatical” or “nongrammatical” at well above chance levels. There has been disagreement as to whether successful classification learning
reflects implicit (nonconscious) memory or partially developed, imperfect explicit (conscious) memory. Amnesic patients provide a way to decide between these two
views. In a recent experiment, amnesic patients were
able to classify grammatical and nongrammatical letter
strings as well as normal subjects despite impaired recognition memory for the items they had encountered
(Knowlton, Ramus, & Squire, 1992, Fig. 3).
These results argue for the operation of two kinds of
memory in artificial grammar learning. One kind of
memory stores declarative information about the specific
items that are presented. The second kind of memory
stores information nondeclaratively, either by abstracting
information from the items in the form of rules, or by
assembling information from the items as a collection of
associations between item features and the grammatical
category. Memory for the specific items is not important
in the second kind of learning. Rather, the information
that is invariant across many trials is important. In this
sense, artificial grammar learning resembles skill learning, habit formation, and conditioning.
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Figure 2. Intact learning by amnesic patients as measured by improved reading times. In both cases, other experiments demonstrated
that the learning persisted across a 10-min delay. (A)Text-specific
reading skill. Subjects read aloud a story three times in succession,
followed immediately by three readings of a second story. (B) Acquisition of a reading skill for novel material. Subjects read aloud a 100item list consisting of 5 nonwords repeated 20 times each. Amnesic
patients improved their reading speed at the same rate as normal
subjects. AMN, amnesic patients; CON, control subjects. (From Musen,
Shimamura, & Squire, 1990; Musen & Squire, 1991.)

recognition memory (Zola-Morgan & Squire, 1984). For
example, monkeys with medial temporal lobe lesions
succeeded at acquiring an associative habit, i.e., the 24hr concurrent discrimination task, in which the same 20
object pairs are presented once each day and one object
in each pair is always correct (Malamut et al., 1984).
Similarly, rats with damage to the hippocampal system
succeeded as well as control animals at a win-stay habit
task in which specific arms of a radial maze were associated with reward, despite failing a win-shift task in the
same apparatus (Packard, Hirsh, & White, 1989).
Recently, there has been interest in the possibility that
more complex kinds of learning, such as probability
learning or artificial grammar learning, might also de234
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Priming
Priming refers to the improved facility for detecting or
processing a perceptual object based on recent experience (Shimamura, 1986; Tulving & Schacter, 1990). Contrary to the suggestion from early studies that priming is
based on modifying preexisting memory representations
(Diamond & Rozin, 1984; Cermak, Talbot, Chandler, &
Wolbarst, 1985), priming can involve the acquisition of
new information. The important finding is that amnesic
patients exhibit fully intact repetition priming effects,
whether the test materials are words, familiar objects, or
entirely novel material such as nonwords, novel objects,
or line patterns (Gabrieli, Milberg, Keane, & Corkin,
1990; Haist, Musen, & Squire, 1991; Schacter, Cooper,
Tharan, & Rubens, 1991; Musen & Squire, 1992a). In one
study, perceptual identification of briefly presented
words and nonwords was enhanced in amnesic patients
and control subjects to a similar extent following a single
presentation of the test items (Haist et al., 1991; Fig. 4A).
The priming effect for nonwords did not appear to be
based on the priming of words that were phonologically
or orthographically similar to the nonwords, i.e., the
priming effect for nonwords was not based on neighborhood effects involving real words. Accordingly, it appears that priming can involve the creation of novel
representations and does not reflect simply the activation
of preexisting representations. These priming effects can
Volume 4, Number 3
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Figure 3. Normal artificial grammar learning by amnesic patients.
Top. A finite-state rule system for generating “grammatical” letter
strings. Below the diagram are examples of “grammatical” letter
strings, which can be generated by this rule system, and nongrammatical letter strings, which violate the rule system at one letter position. Bottom. Percent correct classification judgments and recognition
memory judgments by amnesic patients (n = 13) and control subjects (n = 14). After studying a list of 23 grammatical letter strings
twice each, subjects saw 46 new items (half grammatical and half
nongrammatical) and attempted to classify each letter string; or they
saw 23 old items and 23 new (nongrammatical) items and decided
which ones had been presented. Brackets show standard error of the
mean. AMN, amnesic patients; CON, control subjects. (From Knowlton, Ramus, & Squire, 1992.)

be highly specific in the sense that the magnitude of
priming is often diminished by altering the perceptual
features of test material (Schacter, 1990; Cave & Squire,
1992).
Priming not only improves the ability to identify stimuli but also alters judgments and preferences that involve
the same stimuli. In a recent study, amnesic patients
exhibited the same tendency as normal subjects to judge
proper names as famous, if the names had recently been
presented (Squire & McKee, 1992). This facilitatory effect,

Figure 4. Intact repetition priming in amnesic patients. (A) Percent
identification of briefly presented words and nonwords. Old items
were presented once prior to the perceptual identification test. The
advantage of identifying old items over new items indicates priming.
(B)Facilitation of picture naming at 2 and 7 days after a single presentation. Priming was measured in each case by subtracting the time
needed to name 50 new pictures from the time needed to name 50
old pictures. Brackets show standard errors of the mean. AMN, amnesic patients; CON, control subjects. (From Haist, Musen, & Squire,
1991;Cave & Squire, 1992.)

which was originally studied in normal subjects (Jacoby,
Woloshyn, & Kelley, 1989; Neeley & Payne, 1983), was as
large for nonfamous names (e.g., Fritz Bernowski) as for
famous names (e.g., Leon Jaworski). Specifically, the
probability of identifying a famous name as famous increased from 53 to 65% as a result of a recent encounter
with the name, and the probability of identifying a nonfamous name as famous increased from 12 to 23%.
In some circumstances, priming effects can last a very
long time. For example, in normal subjects the response
time to name pictures of common objects is reduced for
several weeks after a single, brief presentation of the
pictures (Mitchell & Brown, 1988). Amnesic patients exhibit this facilitatory effect at full strength (Cave & Squire,
1992). In the first of two experiments, amnesic patients
exhibited intact priming of picture naming even 7 days
after the pictures had been presented (Fig. 4B). In the
second experiment, priming in both normal subjects and
amnesic patients was shown to depend on highly specific
Squire
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visual information as well as on less visual, more conceptual information. Thus, new pictures were named in
1129 msec, old pictures were named in 996 msec, and
pictures that changed from one example to another example of the same item (e.g., two kinds of dogs) were
named in 1051 msec. In contrast to these effects, recognition memory was severely impaired in the amnesic
patients, whether assessed by choice accuracy or response time. These results provide the first evidence of
long-lasting priming in amnesic patients following a single encounter, which occurs as strongly in the patients
as in normal subjects. Nondeclarative memory can apparently support even long-lasting changes in performance following a single encounter.
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Recall and recognition are ordinarily considered to provide two different ways to measure declarative memory.
One view has been that recall and recognition are closely
linked functions and are similarly impaired in amnesia.
An alternative view, based on studies of normal subjects,
is that recognition is supported in part by priming, i.e.,
by the fluency with which a subject processes the recognition cue (Mandler, 1980;Jacoby, 1983). By this view,
recall depends on declarative memory, and recognition
depends on both declarative and nondeclarative memory. A test of these two views was recently carried out
with amnesic patients (Haist, Shimamura, & Squire,
1992). Free recall, forced-choice recognition, and confidence ratings for the recognition judgments, which presumably assess conscious feelings of familiarity, were
tested parametrically. On 12 separate occasions, 20 different words were studied, and memory was then tested
at one of several retention intervals ranging from 15 sec
to 8 weeks. Free recall was tested six times, and forcedchoice recognition (together with confidence ratings)
was also tested six times. If recognition judgments are
significantly supported by a nondeclarative process like
priming that is intact in amnesia, then recognition memory should be disproportionately spared in amnesia in
comparison to recall. However, this effect was not observed (Fig. 5).
The crucial finding was that the recognition judgments
of amnesic patients and the confidence ratings attached
to these judgments were about the same at every retention interval as would have been predicted from the
recall scores. These results do not rule out the possibility
that priming or other nonconscious processes might
sometimes contribute to recognition performance (see
Johnston, Hawley, & Elliott, 1991). However, the results
do not support the idea that recognition typically draws
support from such processes. The results also do not
support the suggestion that amnesic patients will make
correct recognition choices but then claim they are
guessing (Weiskrantz, 1988). Recall, recognition, and as236
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Figure 5. State-trace plot showing the probability of recall as a function of the probability of recognition. Average scores are plotted for
12 amnesic patients (filled circles) and for 19 control subjects (open
circles) at 11 different retention intervals ranging from 15 sec to 8
weeks. Recall and recognition were tested at the same (variable) retention interval in all 11 cases. The points appear to align themselves
along a single monotonically increasing function, indicating that recall and recognition scores can be expressed as a quantitative change
along a single dimension. These results d o not support the view that
recognition memory is supported significantly by nondeclarative
memory. (From Haist, Shimamura, & Squire, 1992.)

sociated feelings of familiarity are related functions of
declarative memory and are equivalently dependent on
the brain system damaged in amnesia.
Two earlier studies of amnesic patients came to a
different conclusion about recall and recognition based
on comparisons at a single performance level (Hirst,
Johnson, Phelps, Risse, & Volpe, 1986; Hirst, Johnson,
Phelps, & Volpe, 1988). We were unsuccessful at replicating the second of these two studies using the identical
experimental design (Haist et al., 1992; Experiment 2 ) .
Although it is unclear what accounts for the different
findings, one possibility is that there are important differences in the patient populations such as the prevalence of frontal lobe pathology. Frontal lobe pathology
occurs in some etiologies of amnesia and produces characteristic cognitive impairment in addition to amnesia
itself (cf. Shimamura, Janowsky, & Squire, 1991). For
example, damage to the frontal lobe can affect recall
performance more than recognition (Jetter, Poser, Freeman, & Markowitsch, 1986), perhaps because of deficient
search strategies that are more critical for recall.
Learning Novel Associations

The varieties of learning that can be acquired normally
by amnesic patients might lead one to suppose that nondeclarative memory can support any kind of learning
Volume 4, Number 3

that can be accomplished by declarative memory. However, consider the case of acquiring new associations
rapidly. Normal subjects can quickly memorize new word
pairs declaratively. The hippocampal formation and related structures are specialized for forming conjunctions
rapidly between arbitrarily different stimuli. By contrast,
nondeclarative memory appears poorly suited for such
learning. Nondeclarative memory can support the gradual and cumulative acquisition of new associations, as in
classical conditioning, but does not seem well adapted
for acquiring novel associations rapidly. This issue has
been explored in two different paradigms. The first involves the priming of new associations, which is a robust
phenomenon in normal subjects (Graf & Schacter, 1985).
Specifically, word-stem completion priming is greater
when the word stem presented at test is paired with a
previously associated word than when the word stem is
paired with a new word (e.g., study BELL-CRADLE, test
BELL-CRA vs. test LAN&CRA). Subsequently, it was found
that amnesic patients do not exhibit this effect reliably
(Shimamura & Squire, 1989; Mayes & Gooding, 1989;
Cermak, Bleich, & Blackford, 1988; Schacter & Grd,
1986), probably because at one crucial step the phenomenon depends critically on declarative memory (see Shimamura & Squire, 1989).
The second paradigm in which the learning of new
associations has been explored involves measures of
reading speed (Moscovitch et al., 1986; Musen & Squire,
1992b) or perceptual identification (Musen & Squire,
1992b). In this case, word pairs are presented for study
and then memory is tested by presenting the same word
pairs, different word pairs, o r old words in new pairings.
Old word pairs would be expected to be read more
rapidly (or identified more accurately) than new word
pairs. In addition, if new associations are formed between the two members of each word pair, then presenting the members of a pair in combination with other
old words should break the association. If new associations are formed, recombined word pairs should be
treated more like new word pairs than like old word
pairs. Evidence for learning of new associations in a
single trial was reported in an initial study involving
young, elderly, and memory-impaired subjects (Moscovitch et al., 1986), but the effect was a small one and it
was not clear that it was detectable in the memoryimpaired group itself. Subsequently, in three separate
experiments involving a reading speed measure, this
effect was not observed in either normal subjects or
amnesic patients unless multiple learning trials were provided (Musen & Squire, 199213). In a fourth experiment,
a small effect was observed using a perceptual identification method, but only when the results for amnesic
patients and control subjects were combined.
In summary, amnesic patients do not readily form new
associations between unrelated stimuli. Although such
an effect might yet be observed under optimal circumstances, it would appear that nondeclarative memory is

not specialized for such learning. In contrast, declarative
memory is adapted precisely for such learning, i.e., for
the rapid acquisition of relational information involving
multiple stimuli.

CHARACTERISTICS OF DECLARATIVE

A N D NONDECLARATIVE MEMORY
To what extent can declarative and nondeclarative memory be identified and characterized independently of
evidence from functional dissociations in normal subjects
and independently of the evidence concerning what amnesic patients can and cannot learn? Declarative memory
is fast, accessible to conscious recollection, and is flexible, i.e., available to multiple response systems. Nondeclarative memory is nonconscious, and it is less flexible,
i.e., it provides limited access to response systems not
involved in the original learning. Attempts to account for
multiple kinds of memory within a transfer-appropriate
processing framework (cf. Blaxton, 1989; Roediger, 1990)
usefully capture this feature of nondeclarative memory.
The transfer-appropriate processing approach emphasizes that memory retrieval is successful to the extent
that the processing requirements of the study task are
similar to the processing requirements of the retrieval
task.
Three important experiments in rats and monkeys
have demonstrated striking differences in the flexibility
of declarative and nondeclarative kinds of memory (Eichenbaum, Mathews, & Cohen, 1989; Eichenbaum, Stewart, & Morris, 1990; Saunders & Weiskrantz, 1989). There
is a straightforward connection between the constructs
of declarative and nondeclarative memory, which are
grounded in studies with humans, and the kinds of memory studied in rats and monkeys: in both cases, one kind
of memory depends on the integrity of the hippocampus
and related structures and another kind does not. The
studies with experimental animals have as their starting
point the finding that animals with hippocampal damage
will sometimes learn tasks successfully, albeit at a much
slower rate than normal. Subsequent transfer tests then
demonstrate that normal animals and the animals with
damage to the hippocampal system have acquired different kinds of knowledge. The normal animals have acquired a flexible representation that can be expressed in
new ways. For example, in one study of discrimination
learning involving two pairs of stimuli (AB and CD), a
high level of performance persisted in the normal animals when the correct stimuli (A and C) were paired
with different incorrect stimuli (i.e., AD and BC). In
contrast, the animals with hippocampal system damage
had apparently acquired conditional associations and
could not express their knowledge outside the context
in which the knowledge was originally acquired. Performance fell to chance levels when the stimuli were recombined (Eichenbaum et al., 1989). Other evidence
from humans also suggests that nondeclarative memory
Squire
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can be inflexible and hyperspecific (Tulving & Schacter,
1990). These studies show that declarative and nondeclarative memory have different characteristics.

MEMORY AND BRAIN SYSTEMS
It has sometimes been suggested that the distinction
between kinds of memory is best understood as reflecting the different processes that are required to access a
common underlying engram (Blaxton, 1989; Jacoby,
1988; Masson, 1989; Roediger, 1990). In support of this
idea, it could be pointed out that the different kinds of
memory (i.e., declarative and nondeclarative memory)
can appear to be rather similar to each other. For example, the same word can be produced as verbal output,
either as a result of priming or as a result of cued recall,
and in both cases the effect can be rather specific to the
training conditions. Thus, the memories that are formed
in each case can seem to substitute for one another as
viewed from a behavioral endpoint. However, the view
presented here is that these forms of memory are different in terms of what kind of learning occurs in each case,
in terms of what is achieved as stored knowledge, and
in terms of the brain systems that are involved. When
discussion of the issues is limited to priming, the matter
can seem difficult to settle (see Schacter, 1990, 1992, for
a consideration of the so-called processes-systems debate
that focuses on how to account for priming phenomena).
However, when the discussion is broadened to include
skill learning, habit learning, and conditioning, a brainsystems view of multiple memories is more consistent
with the biological and psychological facts than a processing view.
What is known about the brain systems important for
declarative and nondeclarative learning? The evidence is
clearest in the case of classical conditioning of reflexes
involving the skeletal musculature (Thompson, 1986). In
this case, pathways and connections within the cerebellum are part of the essential circuitry that supports the
memory. The hippocampus is not essential. Relevant evidence also comes from tasks in which monkeys learn
about visually presented objects. The ability to remember
a newly presented visual object, so that it can be selected
in a later recognition memory test, depends on an interaction between, on the one hand, the visual areas in
neocortex (especially area TE in inferotemporal cortex)
that are important for perception, and, on the other hand,
the limbic-diencephalic regions that are essential for
transforming perceptions into declarative memories
(Mishkin, 1982;Squire & Zola-Morgan, 1991). By contrast,
the ability to develop a habit involving the same visual
object (e.g.,when the object is one of the stimuli in the
previously mentioned 24-hr concurrent discrimination
task) requires an interaction between visual areas in
neocortex and the neostriatum (Wang, Aigner, & Mishkin,
1990). A similar distinction between memory and habit
learning in terms of the importance of the hippocampal
238
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system and the caudate nucleus, respectively, has also
been elegantly demonstrated in rats (Packard, Hirsch, &
White, 1989; Packard & McGaugh, 1992).
One could conceivably argue from these data that the
neocortex holds the engram in both the memory and
the habit tasks, and that the hippocampal system and the
basal ganglia are simply two different routes by which
the same information can be expressed in behavior. If
so, one could suppose that the biological facts just summarized are consistent with a “processes” view of multiple memories. This scenario presumes that the
information expressed in the memory tasks and in the
habit tasks is in fact stored in neocortex from the first
moment that learned behavior is evident. However, there
is no evidence to support such an assumption, and some
reason to think that it is incorrect. Single-cell recording
in monkeys has identified plasticity in the temporal lobe
in one-trial learning tasks, so it is clear that neurons can
change their properties quickly in response to a change
in the environment (cf. Fuster & Jervey, 1981; Miller, Li,
& Desimone, 1991; Riches, Wilson, & Brown, 1991).
However, it is not at all clear that this plasticity is related
to long-term declarative memory. Instead, altered neuronal activity could reflect short-term (working) memory
or priming.
It is consistent with a number of observations about
the role of the medial temporal lobe in memory (for
review, see Squire, 1992) to suppose that plasticity related to long-term declarative memory can occur rapidly
in the hippocampal system. Plasticity in the neocortex
related to long-term memory may then develop only
slowly and not be detectable initially. Thus, in the case
of the interaction between neocortex and the hippocampal system that supports declarative memory, the plasticity that records the memory may initially exist only within
the hippocampal system itself. If these ideas are correct,
it cannot be the case that a common engram in neocortex
serves both declarative memory (through the hippocampal system) and nondeclarative memory (through the
basal ganglia).
Recent studies also provide some clues about the
neural basis of repetition priming and suggest that prirning is also best understood as depending on a brain
system different from the system supporting declarative
memory. First, divided visual field studies show that more
word-stem completion priming occurs when word stems
are presented to the right cerebral hemisphere (in the
left visual field) than to the left cerebral hemisphere (in
the right visual field) (Marsolek, Kosslyn, & Squire, 1992).
The right-hemisphere advantage occurred if and only if
the study words and the test stems were in the same
sensory modality and in the same typecase (Fig. 6A).
Thus, word priming is sometimes based on form-specific
mechanisms that are more effective in the right cerebral
hemisphere than in the left.
By contrast, when cued-recall (i.e., explicit memory)
instructions were given to the effect that subjects should
Volume 4, Number 3
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Figure 6. Normal subjects saw words in their central visual field
(e.g., MOTEL or motel), and then saw word stems (e.g., MOT or mot)
presented briefly in either the left or right visual field, i.e., so that the
stems were initially received by the right or left cerebral hemispheres, respectively. Half the word stems were presented in the
same lettercase as during study, and half were presented in the opposite lettercase. (A)Word-stem completion priming. Subjects were
instructed to complete each stem to form the first word that comes
to mind. Squares show baseline priming rates, e.g., the probability of
completing MOT to form MOTEL when no words beginning with
MOT were encountered during study. (B) Cued recall. Subjects were
instructed to recall study words using the word stems as cues. Brackets show standard errors of the mean. (From Marsolek, Kosslyn, &
Squire, 1992.)

try to recall the study words using word stems as cues,
cued recall was slightly (though not significantly) better
when the word stems were presented to the left hemisphere than to the right (Fig. 6B). Furthermore, in striking contrast to the results for word-stem completion
priming, presenting study words and test stems in the
same typecase improved performance only when the
stems were presented to the left hemisphere.

These findings make the distinction between priming
and declarative memory more specific and concrete. Indeed, the divided visual field experiments provide direct
evidence about the locus of brain systems supporting
declarative and nondeclarative memory. Whereas priming can sometimes be supported more effectively by the
right hemisphere than the left, declarative memory need
not depend on this same brain organization. Thus, wordstem completion priming and word-stem cued recall
differ with respect to which cerebral hemisphere is most
effective in supporting performance. This finding suggests that the same engram does not support performance in both cases. One could argue that memory for
recently studied words is represented in a widely distributed network and that one component of this network in the right hemisphere is dominant in supporting
priming, and that a different component in the left hemisphere is dominant in supporting cued recall. However,
on this view it cannot be the case that priming and
declarative memory depend on the same engram.
One could also suppose that different processes in the
left and right hemispheres, important for cued recall and
priming, respectively, are able to access a common engram. However, such an interpretation is in conflict with
much biological data and with current perspectives about
the locus of memory storage, which emphasize the close
relationship between the locus of storage and the locus
of the processing systems that are engaged during the
perception, processing, and analysis of the material being
learned (Mishkin, 1982; Squire, 1987). For example, splitbrain studies show that the left and right hemispheres
can store separate memories relating to different components or features of the same stimulus (Levy & Trevarthen, 1977).
A recent functional anatomical study using positron
emission tomography (PET) provided direct evidence for
the importance of right posterior, extrastriate cortex in
word priming (Squire, Ojemann, Miezin, Petersen, Videen, & Raichle, 1992). In that experiment, both study
words and test word stems were presented to center
visual field and both were printed in uppercase letters.
One finding was a significant reduction in cerebral blood
flow in a region of right extrastriate cortex during wordstem completion priming. The reduction occurred in
comparison to a baseline condition in which subjects
also completed word stems but priming could not occur
because none of the possible word completions had
been presented for study. One way to understand the
finding of reduced activity during priming is that, for a
time after a perceptual stimulus has been presented, less
neural activity is required to process the same stimulus.
This observation thus suggests a neural account for the
key psychological feature of priming-that less information is needed to perceive and identify a stimulus the
second time it is presented. A second finding was activation of the right hippocampal region when subjects
used the word stems as cues to recall the study words.
Squire
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The activation was significantly greater during the cued
recall condition than during priming. Reasons why activation was observed in the right, not in the left, hippocampal region in this case have been discussed
elsewhere (Marsolek et al., 1992; Squire et al., 1992).
The PET study strongly endorses the brain systems
view of multiple forms of memory. Word-stem completion priming can be supported significantly by earlystage, right posterior cortex that operates prior to the
analysis of meaning and prior to the involvement of the
hippocampal region and widespread cortical areas that
must be engaged for an item to be remembered declaratively, i.e., in relation to the item’s meaning and in
relation to the context in which the item was presented.
It remains possible that the posterior cortical locus identified in PET, which is important for form-specific, wordstem completion priming, is one of the critical sites that
are bound together by the hippocampal system (Squire
& Zola-Morgan, 1991) and which together comprise declarative memory for a whole event. However, this posterior cortical locus could not support much declarative
knowledge on its own. Indeed, in earlier PET studies
(Petersen, Fox, Posner, Mintun, & Raichle, 1988;Petersen,
Fox, Snyder, & Raichle, 1990), precisely this region of
right extrastriate cortex was found to be activated by the
visual features of words, not their orthographic regularity. Words, nonwords, nonsense letter strings, and letterlike shapes were all effective at activating this locus.
Finally, recent studies of event-related potentials
(ERPs) in normal subjects also point to different brain
systems for declarative and nondeclarative memory
(Paller, 1990; Paller & Kutas, 1992). ERPs related to declarative memory (word recall or recognition) had a
different amplitude, latency, and scalp distribution than
ERPs related to word-stem completion priming or perceptual identification priming. For example, in one study
(Paller & Kutas, 1992), the ERP associated with recollection was largest at a latency of 500-800 msec, whereas
the ERP associated with priming was largest at a latency
of 400-500 msec. The ERP related to recollection was
dominant at left anterior electrode placements. The ERP
related to priming was dominant at posterior electrode
placements. These findings demonstrate that declarative
and nondeclarative memory are associated with different
neural events at different brain loci.
It should be noted that a left hemispheric word form
area has been proposed as a locus of word priming
(Schacter, 1990; Tulving & Schacter, 1990). The PET findings and the divided visual field studies indicate directly
that this cannot be a general explanation for repetition
priming of words. More likely, left or right posterior
cortex is important depending on whether repetition
priming is largely form-specific o r whether it is supported by more abstract mechanisms. For example, some
priming is found across sensory modalities, albeit less
than within modality, and across-modality priming cannot
be form specific. Priming may occur in any of the mul240
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tiple cortical areas known to be involved in visual processing. Which areas are most important in any particular
case should depend on task demands, the characteristics
of the test stimuli, and the similarity between study and
test stimuli.

CONCLUSION
During the past few years, a considerable amount of new
information has become available about different forms
of memory. Data from amnesic patients, as well as from
normal subjects and experimental animals, have expanded and redefined the category of nondeclarative
memory. Nondeclarative memory is now understood to
include highly specific perceptual skill learning, win-stay
habit learning, artificial grammar learning, and priming
of novel material. At the same time, studies of normal
human subjects using new neuroimaging technology and
event-related potentials, and studies of animals with selective lesions, have affirmed the biological reality of
multiple memory systems. Organisms have available to
them multiple ways of benefiting from experience and
acquiring knowledge. In most situations, more than one
memory system will be engaged. These memory systems
have different operating characteristics, acquire different
kinds of knowledge, and depend on different brain structures and connections for their operation.
A final comment is in order about “processing” views
of multiple forms of memory. When any idea about the
function of a complex device is stated very abstractly, it
can be difficult to know what evidence would count for
or against it, and even whether it can be properly tested.
The discussion of multiple memories that has been cast
in the language of processing functions is rather abstract,
and also has been focused mostly on the phenomenon
of priming. It is therefore not entirely clear that a processing approach and a brain-systems framework are
mutually exclusive (also see Schacter, 1992). What is clear
is that multiple forms of memory are supported by separate brain systems and have different characteristics.
Although there is surely interaction between the systems,
a feature that is emphasized within the processing approach (Jacoby, 1988), a brain-systems framework provides the most complete and satisfying account of
memory. To understand the organization of a complex
problem like memory, it will be essential to combine the
strategies of cognitive psychology with those of neuroscience. “It is not usually advantageous to have one hand
tied behind one’s back when tackling a very difficult job”
(Crick, 1988, p. 150).

Acknowledgments
Supported by the Medical Research Service of the Department
of Veterans Affairs, the National Institute of Mental Health
(NIMH) Grant MH 24600, the Office of Naval Research, and the
McJSnight Foundation.
Volume 4, Number 3

REFERENCES
Anderson, J. R. (1976). Languuge, memoy, and thought.
Hillsdale, NJ: Erlbaum.
Blaxton, T. A (1989). Investigating dissociations among memory systems: Support for a transfer appropriate processing
framework.Journal of Experimental Psychology: Learning,
Memoy and Cognition, 15,657-668.
Brooks, D. N., & Baddeley, A. (1976). What can amnesic patients learn? Neuropsychologia, 14, 111-122.
Cave, C., & Squire, L. R. (1992). Intact and long-lasting repetition priming in amnesia.Journal of Experimental Psychology: Learning, Memoy and Cognition, 18,509-520.
Cermak, L. S., Bleich, R. P., & Blackford, S. P. (1988). Deficits
in implicit retention of new associates by alcoholic Korsakoff patients. Brain and Cognition, 1, 145-1 56.
Cermak, L. S., Talbot, N., Chandler, K., & Wolbarst, L. R.
(1985). The perceptual priming phenomenon in amnesia.
Neuropsychologia,23, 615-622.
Cohen, N. J. (1984). Preserved learning capacity in amnesia:
Evidence for multiple memory systems. In L. R. Squire &
N. Butters (Eds.), Neuropsychology of memory. New York:
Guilford Press.
Cohen, N. J., & Squire, L. R. (1980). Preserved learning and
retention of pattern-analyzing skill in amnesia: Dissociation
of knowing how and knowing that. Science, 210, 207-209.
Crick, F. (1988). m a t mudpursuit. New York: Basic Books.
Diamond, R., & Rozin, P. (1984). Activation of existing memories in anterograde amnesia.Journal of Abnormal Psychology,93, 98-105.
Eichenbaum, H., Mathews, P., & Cohen, N. J. (1989). Further
studies of hippocampal representation during odor discrimination learning. Behavioral Neuroscience, 103, 12071216.
Eichenbaum, H., Stewart, C. & Morris, R. G. M. (1990). Hippocampal representation in place learning. Journal of Neuroscience, 10, 3531-3542.
Fuster, J. M., & Jervey, J. P. (1981). Inferotemporal neurons
distinguish and retain behaviorally relevant features of visual stimuli. Science, 212, 952-955.
Gabrieli,J. D. E., Milberg, W., Keane, M. M., & Corkin, S.
(1990). Intact priming of patterns despite impaired memory. Neuropsychologia,28, 417-427.
Graf, P., & Schacter, D. L. (1985). Implicit and explicit memory for new associations in normal and amnesic subjects.
Journal of Expm‘mentalPsychology:Learning, Memoy
and Cognition, 11, 501-518.
Graf, P., Squire, L. R., & Mandler, G. (1984). The information
that amnesic patients do not forget.Journal of Experimental Psychology: Learning, Memoy and Cognition, 10, 164178.
Haist, F., Musen, G., & Squire, L. R. (1991). Intact priming of
words and nonwords in amnesia. Psychobiology, 19,275285.
Haist, F., Shimamura, A. P., & Squire, L. R. (1992). On the
relationship between recall and recognition memory.Journal of Experimental Psychology:Learning, Memoy and
Cognition, in press.
Hintzman, D. (1990). Human learning and memory: Connections and dissociations. Annual Review of Psychology, 41,
109-139.
Hirst, W., Johnson, M. K., Phelps, E. A,, Risse, G., & Volpe,
B. T. (1986). Recognition and recall in amnesics.Journal of
Experimental Psychology:Learning, Memoy and Cognition,12,445-451.
Hirst, W., Johnson, M. K., Phelps, E. A,, & Volpe, B. T. (1988).
More on recognition and recall in amnesics.Journal of Experimental Psychology: Learning, Memory and Cognition,
14, 758-762.

Jacoby, L. L. (1983). Remembering the data:Analyzing interactive processes in reading. Journal of Verbal Learning and
Verbal Behavior, 22, 485-508.
Jacoby, L. L. (1988). Memory observed and memory unobserved. In U. Neisser & E. Winograd (Eds.), Remembering
reconsidered (pp. 145-177). New York: Cambridge University Press.
Jacoby, L. L., & Witherspoon, D. (1982). Remembering without
awareness. CanadianJournal of Psycbology,32, 300-324.
Jacoby, L. L., Woloshyn, V., & Kelley, C. (1989). Becoming famous without being recognized: Unconscious influences of
memory produced by dividing attention. Journal of Experimental Psychology: General, 118,115-125.
Jetter, W., Poser, U., Freeman, R B., Jr., & Markowitsch,J. H.
(1986). A verbal long term memory deficit in frontal lobe
damaged patients. Cortex,22, 229-242.
Johnston, W. A,, Hawley, K. J., & Elliott, M. G. (1991). Contribution of perceptual fluency to recognition judgments.
Journal of Experimental Psychology:Learning, Memoy
and Cognition, 17, 210-223.
Knowlton, B. J., Ramus, S. J., & Squire, L. R. (1992). Intact
artificial grammar learning in amnesia: Dissociation of classification learning and explicit memory for specific instances. Psychological Science, in press.
Levy, J., & Trevarthen, C. (1977). Perceptual, semantic, and
phonetic aspects of elementary language processes in splitbrain patients. Brain, 100, 105-118.
Mackintosh, N. J. (1985). Varieties of conditioning. In N. M.
Weinberger, G. Lynch, & J. McGaugh (Eds.), Memory systems of the brain (pp. 335-350). New York: Guilford Press.
Malamut, B. L., Saunders, R. C., & Mishkin, M. (1984). Monkeys with combined amygdalo-hippocampal lesions succeed in object discrimination learning despite 24-hour
intertrial intervals. Behavioral Neuroscience,98, 759-769.
Mandler, G. (1980). Recognizing: The judgment of previous
occurrence. Psychological RevierU, 87, 252-271.
Marsolek, C. J., Kosslyn, S. M., & Squire, L. R. (1992). Formspecific visual priming in the right cerebral hemisphere.
Journal of Experimental Psychology:Learning, Memory,
and Cognition, 18,492-508.
Masson, M. E. J. (1989). Fluent reprocessing as an implicit
expression of memory for experience. In S. Lewandowsky,
J. C. Dunn, & K. Kirsner (Eds.), Implicit memoy: jsbeoretical hues. Hillsdale, NJ: Lawrence Erlbaum.
Mayes, A. R., & Gooding, P. (1989). Enhancement of word
completion priming in amnesics by cuing with previously
novel associates. Neuropsychologia,27, 1057-1072.
Miller, E. K., Li, L., & Desimone, R. (1991). A neural mechanism for working and recognition memory in inferior temporal cortex. Science, 254, 1377-1379.
Mishkin, M. (1982). A memory system in the monkey. Phil. R.
SOC. London [Biol.1298,85-92.
Mitchell, D. B., & Brown, A. S. (1988). Persistent repetition
priming in picture naming and its dissociation from recognition memory.Journal of Experimental Psychology:Learning, Memoy and Cognition, 14, 213-222.
Moscovitch, M., Winocur, G., & McLachlan, D. (1986). Memory
as assessed by recognition and reading time in normal and
memory-impaired people with Alzheimer’s disease and
other neurological disorders. Journal of Experimental Psychology: General, 115,331-347.
Musen, G., Shimamura, A. P., & Squire, L. R. (1990). Intact
text-specific reading skill in amnesia.Journal of Expmmental Psychology:Learning, Memoy and Cognition,6,
1068-1076.
Musen, G., & Squire, L. R. (1991). Normal acquisition of novel
verbal information in amnesia.Journal of Experimental
Psychology: Learning, Memory and Cognition,17, 10951104.

Squire

241

Musen, G., & Squire, L. R. (1992a). Nonverbal priming in amnesia. Memoy and Cognition, in press.
Musen, G. & Squire, L. R. (1992b). On the implicit learning of
novel associations by amnesic patients and normal subjects.
Submitted.
Neeley, J. H., & Payne, D. G. (1983). A direct comparison of
recognition failure rates for recallable names in episodic
and semantic memory tests. Memoy and Cognition, 11,
161-171.
Nissen, M. J., & Bullemer, P. (1987). Attentional requirements
of learning: Evidence from performance measures. Cognitive Psychology, 19, 1-32.
Packard, M. G., Hirsh, R., & White, N. M. (1989). Differential
effects of fornix and caudate nucleus lesions on two radial
maze tasks:Evidence for multiple memory systems.Journal of Neuroscience,9, 1465-1472.
Packard, M. G., & McGaugh,J. L. (1992). Double dissociation
of fornix and caudate nucleus lesions on acquisition of two
water maze tasks: Further evidence for multiple memory
systems. Behavioral Neuroscience, in press.
Paller, K. A. (1990). Recall and stem-completion priming have
different electrophysiological correlates and are modified
differentially by directed forgetting. Journal of Experimental Psychology: Learning, Memoy and Cognition, 16,
1021-1032.
Paller, K. A,, & Kutas, M. (1992). Brain potentials during memory retrieval: Neurophysiological support for the distinction
between conscious recollection and priming. Journal of
Cognitive Neuroscience, in press.
Petersen, S. E., Fox, P. T., Posner, M. I., Mintun, M., & Raichle,
M. E. (1988). Positron emission tomographic studies of the
cortical anatomy of single-word processing. Nature (London),331, 585-589.
Petersen, S. E., Fox, P. T., Snyder, A Z., & Raichle, M. E.
(1990). Activation of extrastriate and frontal cortical areas
by visual words and word-like stimuli. Science,249, 10411044.
Polster, M., Nadel, L., & Schacter, D. (1991). Cognitive neuroscience analysis of memory: A historical perspective. Journal of Cognitive Neuroscience,3, 95-116.
Reber, A. S. (1967). Implicit learning of artificial grammars.
Journal of Verbal Learning and Verbal Behavior, 6, 855863.
Riches, I. P., Wilson, F. A. W., & Brown, M. W. (1991). The
effects of visual stimulation and memory on neurons of the
hippocampal formation and the neighboring parahippocampal gyrus and inferior temporal cortex of the primate.
Journal of Neuroscience, 11,1763-1979.
Roediger, H. (1990). Implicit memory: Retention without remembering. American Psychologist, 45, 1043-1056.
Saunders, R. C., & Weiskrantz, L. (1989). The effects of fornix
transection and combined fornix transection, mammillary
body lesions and hippocampal ablations on object-pair association memory in the rhesus monkey. Behavioral Brain
Research, 35, 85-94.
Schacter, D. (1987). Implicit memory: History and current status. Journal of Experimental Psychology: Learning, Memoy
and Cognition, 13,501-518.
Schacter, D. L. (1990). Perceptual representation systems and
implicit memory: Toward a resolution of the multiple
memory systems debate. In A. Diamond (Ed.), Development
and neural bases of higher cognitivefunctions, 608,
(pp. 543-571). New York: Annals of the New York Academy
of Sciences.
Schacter, D. L. (1992). Understanding implicit memory: A cognitive neuroscience approach. Americun PJychologist, 47,
559-569.

242

Journal of CognitiveNeuroscience

Schacter, D. L., Cooper, L. A, Tharan, M., & Rubens, A. B.
(1991). Preserved priming of novel objects in patients with
memory disorders. Journal of CognitiveNeuroscience,3,
118-131.
Schacter, D. L., & Graf, P. (1986). Preserved learning in amnesic patients: Perspectives from research on direct priming.
Journal of Clinical and Experimental Neuropsychiatry,8,
727-743.
Sherry, D. F., & Schacter, D. L. (1987). The evolution of multiple memory systems. Psychological R a k w , 94, 439-454.
Shimamura, A. P. (1986). Priming effects in amnesia: Evidence
for a dissociable memory function. QuarterlyJournal of
Eqerimental Psychology, 38A, 619-644.
Shimamura, A. P., Janowsky,J. S., & Squire, L. R. (1991). What
is the role of frontal lobe damage in amnesic disorders? In
H. D. Levin & H. M. Eisenberg (Eds.), Frontal lobe functioning and effect of injuy. New York: University Press.
Shimamura, A. P., & Squire, L. R. (1989). Impaired priming
of new associations in amnesia. Journal of Eqerimental
Psychology: Learning, Memoy and Cognition, 15,
721-728.
Squire, L. R 1987. Memoy and brain. New York: Oxford University Press.
Squire, L. R. (1992). Memory and the hippocampus: A synthesis from findings with rats, monkeys and humans. Psychological Reuim, 99, 195-231.
Squire, L. R., & Frambach, M. (1990). Cognitive skill learning
in amnesia. Psychobiology, 18, 109-117.
Squire, L. R., & McKee, R. (1992). The influence of prior
events on cognitive judgments in amnesia. Journal of Experimental Psychology: Learning, Memoy and Cognition,
18, 106-115.
Squire, L. R., Ojemann, J. G., Miezin, F. M., Petersen, S. E.,
Videen, T. O., et al. (1992). Activation of the hippocampus
in normal humans: A functional anatomical study of memory. Proceedings of the National Academy of Sciences
U.S.A., 89, 1837-1841.
Squire, L. R., & Zola-Morgan, S. (1988). Memory: Brain systems and behavior. Trends in Neurosciences,11, 170-175.
Squire, L. R., & Zola-Morgan, M. (1991). The medial temporal
lobe memory system. Science,253, 1380-1386.
Thompson, R. F. (1986). The neurobiology of learning and
memory. Science,233, 941-947.
Tulving, E. (1985). How many memory systems are there?
American Psychologist, 40, 385-398.
Tulving, E., & Schacter, D. L. (1990). Priming and human
memory systems. Science, 247, 301-306.
Tulving, E., Schacter, D. L., & Stark, H. A. (1982). Priming effects in word-fragment completion are independent of recognition memory. Journal of Eqerimental Psychology:
Learning, Memoy and Cognition, 8,336-342.
Wang, J., Aigner, T., & Mishkin, M. (1990). Effects of neostriatal lesions on visual habit formation of rhesus monkeys.
Societyfor Neuroscience, 16,617.
Warrington, E. K., & Weiskrantz, L. (1982). Amnesia: A disconnection syndrome. Neuropsychologia,20, 233-248.
Weiskrantz, L. (1987). Neuroanatomy of memory and amnesia:
A case for multiple memory systems. Human NeurobiolOD, 6,93-105.
Weiskrantz, L. (1988). Some contributions of neuropsychology
of vision and memory to the problem of consciousness. In
A. Marcel & E. Bisiach (Eds.), Consciousness and contemporay science. New York: Oxford University Press.
Willingham, D. B., Nissen, M. J., & Bullemer, P. (1989). On the
development of procedural knowledge. Journal of Ekperim a 1 Psychology: Learning, Memoy and Cognition, 15,
1047-1060.

Volume 4, Number 3

Winograd, T. (1975). Frame representations and the declarative-procedural controversy. In D. Bobrow & A. Collins
(Eds.), Rqresentation and Understanding:Studies in Cognitive Science (pp. 185-210). New York: Academic Press.

Zola-Morgan, S., & Squire, L. R. (1984). Preserved learning in
monkeys with medial temporal lesions: Sparing of motor
and cognitive skills. Journal of Neuroscience, 4, 1072-1085

Squire

243

This article has been cited by:
1. Alex Byrne. 2010. Recollection, perception, imagination. Philosophical Studies 148:1, 15-26. [CrossRef]
2. Kasia Kozlowska. 2010. The Bowl of Terror: A Case Study of an Adolescent Perpetrator of Sexual Abuse. Australian and New
Zealand Journal of Family Therapy (ANZJFT) 31:1, 43-59. [CrossRef]
3. Gema Martin-Ordas, Daniel Haun, Fernando Colmenares, Josep Call. 2010. Keeping track of time: evidence for episodic-like
memory in great apes. Animal Cognition 13:2, 331-340. [CrossRef]
4. Sean K. Meehan, Bubblepreet Randhawa, Brenda Wessel, Lara A. Boyd. 2010. Implicit sequence-specific motor learning after
subcortical stroke is associated with increased prefrontal brain activations: An fMRI Study. Human Brain Mapping n/a-n/a.
[CrossRef]
5. Hilde Haider, Peter A. Frensch. 2009. Conflicts between expected and actually performed behavior lead to verbal report of
incidentally acquired sequential knowledge. Psychological Research Psychologische Forschung 73:6, 817-834. [CrossRef]
6. J. Forget, Sarah Lippé, Maryse Lassonde. 2009. Perceptual priming does not transfer interhemispherically in the acallosal brain.
Experimental Brain Research 192:3, 443-454. [CrossRef]
7. P.J. Bayley, R.C. O'Reilly, T. Curran, L.R. Squire. 2008. New semantic learning in patients with large medial temporal lobe
lesions. Hippocampus 18:6, 575-583. [CrossRef]
8. David Anderson, Hiroyuki Shimizu. 2007. Recollections of Expo 70: Visitors' Experiences and the Retention of Vivid Long-Term
Memories. Curator: The Museum Journal 50:4, 435-454. [CrossRef]
9. Thomas Suddendorf, Michael C. Corballis. 2007. The evolution of foresight: What is mental time travel, and is it unique to
humans?. Behavioral and Brain Sciences 30:03. . [CrossRef]
10. Fischer Stefan, Drosopoulos Spyridon, Tsen Jim, Born Jan. 2006. Implicit Learning–Explicit Knowing: A Role for Sleep in
Memory System InteractionImplicit Learning–Explicit Knowing: A Role for Sleep in Memory System Interaction. Journal of
Cognitive Neuroscience 18:3, 311-319. [Abstract] [PDF] [PDF Plus]
11. Philippe Peigneux, Pierre Orban, Evelyne Balteau, Christian Degueldre, André Luxen, Steven Laureys, Pierre Maquet. 2006.
Offline Persistence of Memory-Related Cerebral Activity during Active Wakefulness. PLoS Biology 4:4, e100. [CrossRef]
12. Hilde Haider, Peter A. Frensch. 2005. The generation of conscious awareness in an incidental learning situation. Psychological
Research Psychologische Forschung 69:5-6, 399-411. [CrossRef]
13. Amos Gelderen, Ron Oostdam. 2005. Effects of Fluency Training on the Application of Linguistic Operations in Writing.
L1-Educational Studies in Language and Literature 5:2, 215-240. [CrossRef]
14. Richard F. Thompson. 2005. In Search of Memory Traces. Annual Review of Psychology 56:1, 1-23. [CrossRef]
15. Pauline E. J. Spaan, Jeroen G. W. Raaijmakers, Cees Jonker. 2005. Early Assessment of Dementia: The Contribution of Different
Memory Components. Neuropsychology 19:5, 629-640. [CrossRef]
16. Jason P. Leboe, Bruce W. A. Whittlesea, Bruce Milliken. 2005. Selective and Nonselective Transfer: Positive and Negative
Priming in a Multiple-Task Environment. Journal of Experimental Psychology: Learning, Memory, and Cognition 31:5, 1001-1029.
[CrossRef]
17. Craig Stark, Shauna Stark, Barry Gordon. 2005. New Semantic Learning and Generalization in a Patient With Amnesia.
Neuropsychology 19:2, 139-151. [CrossRef]
18. Peter J. Bayley, Larry R. Squire. 2005. Failure to acquire new semantic knowledge in patients with large medial temporal lobe
lesions. Hippocampus 15:2, 273-280. [CrossRef]
19. Keith Owen Yeates, Benedicta G. Enrile. 2005. Implicit and Explicit Memory in Children With Congenital and Acquired Brain
Disorder. Neuropsychology 19:5, 618-628. [CrossRef]
20. Astri J. Robinson, Olivier Pascalis. 2004. Development of flexible visual recognition memory in human infants. Developmental
Science 7:5, 527-533. [CrossRef]
21. Suchismita Ray, Marsha E. Bates, Benjamin Martin Ely. 2004. Alcohol's Dissociation of Implicit and Explicit Memory Processes:
Implications of a Parallel Distributed Processing Model of Semantic Priming. Experimental and Clinical Psychopharmacology 12:2,
118-125. [CrossRef]
22. Jean-Christophe Sarrazin, Marie-Dominique Giraudo, Jean Pailhous, Reinoud J. Bootsma. 2004. Dynamics of Balancing Space
and Time in Memory: Tau and Kappa Effects Revisited. Journal of Experimental Psychology: Human Perception and Performance
30:3, 411-430. [CrossRef]
23. Yasushi Kobayashi, David G. Amaral. 2003. Macaque monkey retrosplenial cortex: II. Cortical afferents. The Journal of
Comparative Neurology 466:1, 48-79. [CrossRef]
24. David Anderson. 2003. Visitors' Long-term Memories of World Expositions. Curator: The Museum Journal 46:4, 401-420.
[CrossRef]

25. Kenneth A. Norman, Randall C. O'Reilly. 2003. Modeling hippocampal and neocortical contributions to recognition memory: A
complementary-learning-systems approach. Psychological Review 110:4, 611-646. [CrossRef]
26. Mark Ylvisaker, Harvey E. Jacobs, Timothy Feeney. 2003. Positive Supports for People Who Experience Behavioral and Cognitive
Disability After Brain Injury. Journal of Head Trauma Rehabilitation 18:1, 7-32. [CrossRef]
27. Maya Misra, Phillip J Holcomb. 2003. Event-related potential indices of masked repetition priming. Psychophysiology 40:1, 115-130.
[CrossRef]
28. Paul Apicella. 2002. Tonically active neurons in the primate striatum and their role in the processing of information about
motivationally relevant events. European Journal of Neuroscience 16:11, 2017-2026. [CrossRef]
29. Anna B. Drummey, Nora S. Newcombe. 2002. Developmental changes in source memory. Developmental Science 5:4, 502-513.
[CrossRef]
30. Kasia Kozlowska, Lesley Hanney. 2002. The Network Perspective: An Integration of Attachment and Family Systems Theories*.
Family Process 41:3, 285-312. [CrossRef]
31. Lesley Hanney, Kasia Kozlowska. 2002. Healing Traumatized Children: Creating Illustrated Storybooks in Family Therapy*.
Family Process 41:1, 37-65. [CrossRef]
32. Marie Sarazin, Bernard Deweer, Angela Merkl, Natalia Von Poser, Bernard Pillon, Bruno Dubois. 2002. Procedural learning and
striatofrontal dysfunction in Parkinson's disease. Movement Disorders 17:2, 265-273. [CrossRef]
33. Prahlad Gupta, Neal J. Cohen. 2002. Theoretical and computational analysis of skill learning, repetition priming, and procedural
memory. Psychological Review 109:2, 401-448. [CrossRef]
34. Ki A. Goosens, Stephen Maren. 2002. Long-term potentiation as a substrate for memory: Evidence from studies of amygdaloid
plasticity and Pavlovian fear conditioning. Hippocampus 12:5, 592-599. [CrossRef]
35. Philippe Peigneux, Steven Laureys, Xavier Delbeuck, Pierre Maquet. 2001. Sleeping brain, learning brain. The role of sleep for
memory systems. Neuroreport 12:18, A111-A124. [CrossRef]
36. Dianne W. Trumbull. 2001. Obsessive-Compulsive Symptomatology: A Goal-Directed Response to Anticipated Traumatization?.
Psychiatry: Interpersonal & Biological Processes 64:4, 309-318. [CrossRef]
37. Karine Lebreton, Béatrice Desgranges, Brigitte Landeau, Jean-Claude Baron, Francis Eustache. 2001. Visual Priming Within and
Across Symbolic Format Using a Tachistoscopic Picture Identification Task: A PET StudyVisual Priming Within and Across
Symbolic Format Using a Tachistoscopic Picture Identification Task: A PET Study. Journal of Cognitive Neuroscience 13:5,
670-686. [Abstract] [PDF] [PDF Plus]
38. Alan Baddeley, Faraneh Vargha-Khadem, Mortimer Mishkin. 2001. Preserved Recognition in a Case of Developmental Amnesia:
Implications for the Acaquisition of Semantic Memory?Preserved Recognition in a Case of Developmental Amnesia: Implications
for the Acaquisition of Semantic Memory?. Journal of Cognitive Neuroscience 13:3, 357-369. [Abstract] [PDF] [PDF Plus]
39. Cindy Lustig, Lynn Hasher. 2001. Implicit memory is not immune to interference. Psychological Bulletin 127:5, 618-628.
[CrossRef]
40. David Friedman, Ray Johnson. 2000. Event-related potential (ERP) studies of memory encoding and retrieval: A selective review.
Microscopy Research and Technique 51:1, 6-28. [CrossRef]
41. P. Peigneux, P. Maquet, T. Meulemans, A. Destrebecqz, S. Laureys, C. Degueldre, G. Delfiore, J. Aerts, A. Luxen, G. Franck, M.
Van der Linden, A. Cleeremans. 2000. Striatum forever, despite sequence learning variability: A random effect analysis of PET
data. Human Brain Mapping 10:4, 179-194. [CrossRef]
42. ANDRÁS LÖRINCZ, GYÖRGY BUZSÁKI. 2000. Two-Phase Computational Model Training Long-Term Memories in the
Entorhinal-Hippocampal Region. Annals of the New York Academy of Sciences 911:1, 83-111. [CrossRef]
43. Pierre Lavenex, David G. Amaral. 2000. Hippocampal-neocortical interaction: A hierarchy of associativity. Hippocampus 10:4,
420-430. [CrossRef]
44. Harlene Hayne, Joanne Boniface, Rachel Barr. 2000. The development of declarative memory in human infants: Age-related
changes in deffered imitation. Behavioral Neuroscience 114:1, 77-83. [CrossRef]
45. John T. Green, Diana S. Woodruff-Pak. 2000. Eyeblink classical conditioning: Hippocampal formation is for neutral stimulus
associations as cerebellum is for association-response. Psychological Bulletin 126:1, 138-158. [CrossRef]
46. R. Vandenberghe, P. Dupont, G. Bormans, L. Mortelmans, G. A. Orban. 1999. Brain activity underlying stereotyped
and non-stereotyped retrieval of learned stimulus-response associations. European Journal of Neuroscience 11:11, 4037-4050.
[CrossRef]
47. KATHLEEN M. KELLEY, TATIANA A. TKACHENKO, NEIL H. PLISKIN, JOSEPH W. FINK, RAPHAEL C. LEE.
1999. Life after Electrical Injury: Risk Factors for Psychiatric Sequelae. Annals of the New York Academy of Sciences 888:1
OCCUPATIONAL, 356-363. [CrossRef]

48. Rachael Collie, Harlene Hayne. 1999. Deferred imitation by 6- and 9-month-old Infants: More evidence for declarative memory.
Developmental Psychobiology 35:2, 83-90. [CrossRef]
49. Stephen Joseph, Jackie Masterson. 1999. Posttraumatic stress disorder and traumatic brain injury: Are they mutually exclusive?.
Journal of Traumatic Stress 12:3, 437-453. [CrossRef]
50. M. Papka, R. B. Ivry, D. S Woodruff-Pak. 1997. Eyeblink Classical Conditioning and Awareness Revisited. Psychological Science
8:5, 404-408. [CrossRef]
51. Julien Doyon, Adrian M. Owen, Michael Petrides, Viviane Sziklas, Alan C. Evans. 1996. Functional Anatomy of Visuomotor Skill
Learning in Human Subjects Examined with Positron Emission Tomography. European Journal of Neuroscience 8:4, 637-648.
[CrossRef]
52. R. Hans Phaf, Gezinus Wolters. 1996. Elaboration effects in implicit and explicit memory tests. Psychological Research 58:4,
284-293. [CrossRef]
53. Neil Burgess, John O'Keefe. 1996. Neuronal computations underlying the firing of place cells and their role in navigation.
Hippocampus 6:6, 749-762. [CrossRef]
54. Peter Robinson. 1995. Attention, Memory, and the “Noticing” Hypothesis. Language Learning 45:2, 283-331. [CrossRef]
55. Stuart Zola-Morgan, Larry R. Squire, Seth J. Ramus. 1995. The role of the hippocampus in declarative memory: A reply to
Nadel. Hippocampus 5:3, 235-239. [CrossRef]
56. Stuart Zola-Morgan, Larry R. Squire, Seth J. Ramus. 1994. Severity of memory impairment in monkeys as a function of locus
and extent of damage within the medial temporal lobe memory system. Hippocampus 4:4, 483-495. [CrossRef]
57. A. Pascual-Leone, J. Grafman, K. Clark, M. Stewart, S. Massaquoi, J-S. Lou, M. Hallett. 1993. Procedural learning in Parkinson's
disease and cerebellar degeneration. Annals of Neurology 34:4, 594-602. [CrossRef]
58. Addie JohnsonProcedural Memory and Skill Acquisition . [CrossRef]
59. Richard F. Thompson, Stuart M. ZolaBiological Psychology . [CrossRef]
60. Henry L. Roediger, Elizabeth J. Marsh, Stephanie C. LeeVarieties of Memory . [CrossRef]
61. Joseph E. Steinmetz, Jeansok Kim, Richard F. ThompsonBiological Models of Associative Learning . [CrossRef]
62. Joseph E. Steinmetz, Derick H. LindquistNeuronal Basis of Learning . [CrossRef]

