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Introduction 

In my contribution to the first edition of this volume, I avoided speculating about 
different kinds of memory. Instead, I concentrated on identifying the sufficient condi- 
tions for distinguishing between memory tests on which performance of amnesic 
patients is relatively intact and those on which it is impaired (Moscovitch, 1984). Those 
conditions are the basis of the current distinction between explicit and implicit tests of 
memory (Graf & Schacter, 1985). In the years since the book appeared, the theoretical 
and empirical literature on this topic has burgeoned as no other has done in cognitive 
psychology and neuropsychology. One of the main consequences of this enterprise has 
been a growing appreciation both of the varieties of memory and of the component 
cognitive processes and neurological mechanisms that underlie them (Richardson- 
Klavehn & Bjork, 1988; Roediger & Craik, 1989). The operational, descriptive ap- 
proach I adopted in my previous chapter is still useful in classifying memory tests, but 
it is no longer adequate in dealing with the rich theoretical and empirical literature we 
now have. I therefore supplement it with (in fact, subordinate it to) theoretical 
speculations about the varieties of memory in normal and brain-damaged people. 

Classification of Tests 

Memory is not a unitary process. It is possible to distinguish between two broad classes 
of memory tests, "explicit" and "implicit," performance on which is probably me- 
diated by different neural structures (Graf & Schacter, 1985; Moscovitch, 1984; Ri- 
chardson-Klavehn & Bjork, 1988). Explicit tests of memory, such as recognition and 
recall, depend on the conscious recollection of previously experienced events. On 
implicit tests, memory is inferred from the effects that experience or practice has on 
behavior; the subject is not required to refer to the past in performing the test. 

Both implicit and explicit tests of memory can each be subdivided further into 
two subtypes. One type of implicit test is "procedural" and the other is "item-specific." 
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Procedural implicit tests involve the acquisition and retention of general skills, proce- 
dures, or rules, such as learning motor tasks, reading novel scripts, or solving rule-based 
puzzles (e.g., the Tower of Hanoi). Item-specific tests, on the other hand, are con- 
cerned with the acquisition and retention of a particular type of information, such as a 
word, face, or object. On such tests, the increased accuracy or speed with which a 
previously seen item is identified on repetition, known as the "repetition priming 
effect," is a measure of item-specific memory. 

Explicit tests can be classified as "associative/cue-dependent" or as "strategic." 
Associative tests are those in which the cue is sufficient to bring the memory to mind. 
As I argue here, this process is relatively automatic and mandatory if the cue is 
appropriate. To give a sense of what I mean, it is the episodic memory equivalent of 
the response "Guildenstern" to the cue "Rosencrantz." Possible examples are "Have 
you been to Jerusalem?" or "Did you ever meet Hebb or Luria?" Strategic tests, on the 
other hand, are those in which the cue does not immediately give rise to an associative 
response, but rather initiates a memory search that is not unlike problem solving. Such 
a process is often set in motion by questions that have a temporal component, such as 
"What did you do three weekends ago?" 

One purpose of this chapter is to speculate about the nature of the processes and 
structures involved in each of these tests. The scheme for classifying memory tests in 
each of these categories, however, is imperfect. One reason is that the defining features 
of each test are not sufficiently specific, and the other is that few tests are process-pure 
(Mandler, 1980; Jacoby, 1991). The classificatory scheme therefore describes the ideal 
type, of which the actual test is at best only a close approximation. 

With these provisos in mind, I outline a neuropsychological model or framework 
of conscious and nonconscious processes in memory that accounts for performance of 
normal and memory-impaired people on each of these four types of tests. The model is 
derived from a critical examination of Fodor's (1983, 1985) ideas on modules and 
central systems, and the ways in which these can be applied to neuropsychology (for 
more details, see Moscovitch, 1989, and Moscovitch & Umilta, 1990, 1991). 

Input Modules and Central Systems 

According to Fodor, cognition arises from the operation of modules and central 
systems. Modules and central systems are computational devices that are distinguished 
from each other by the following criteria: domain specificity, informational encapsula- 
tion or cognitive impenetrability, and shallow output. Modules must satisfy all three 
criteria, whereas central systems satisfy none. Modules process information only from a 
specific domain, whereas central systems integrate information across superficially 
dissimilar domains. Modules are informationally encapsulated, so that higher-order 
cognitive information cannot penetrate them and influence their operation. Central 
systems, on the other hand, are open to-indeed, invite-top-down influences. It is 
through them that knowledge, expectancies, and motivation make their presence felt in 
cognition. Finally, modular output is shallow, in that it is not semantically interpreted 
and provides no information about its source. Meaning and relevance are assigned to 
modular output by central systems, which relate the output to stores of general 
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knowledge as well as to current cognitive and motivational states. The output of 
central systems is deep, and their source or derivation is often available to conscious 
inspection. 

Modules are therefore special-purpose devices that have evolved to pick up 
domain-specific information; to process it efficiently and automatically, without the 
distorting influence of expectancies and motivation; and to deliver a precise, but 
shallow and presemantic, message to a central system for interpretation. In short, they 
are "stupid" but efficient systems, necessary for "representing the world veridically, 
and making it accessible to thought" (Fodor, 1983, p. 40), which in its multifaceted 
aspects is a product of the typically "slow, deep, global, and voluntary" operations of 
"intelligent" central systems. 

At the neuropsychological level, domain specificity is satisfied in part by evi- 
dence of localization of function; informational encapsulation is satisfied by evidence 
that the function in question is impervious to the effects of gross intellectual decline; 
and shallow output is satisfied by evidence of normal, domain-specific performance 
without any ability to interpret semantically the information pertaining to that domain 
(see Moscovitch & Umilta, 1990, 1991, for details and examples). 

The Model (see Figure 1.1) 

Cortical Input Modules: The Perceptual and Semantic Records 

Memory begins with registration of information in cortical input modules. Envi- 
ronmental events are picked up by the input modules, which are involved in decoding 
and classifying the information at a perceptual, presemantic level. Their output is 
conveyed to central system structures, where they receive a semantic interpretation 
(meaning is assigned). These processes leave a record of their activity in the input 
modules and central semantic systems, both of which are presumed to be located in the 

I posterior and midlateral neocortex. I use the terms perceptual records and semantic 
I records (Kirsner & Dunn, 1985) to refer to the modification of the neural circuitry of 

input modules and central semantic systems, respectively. Records preserve informa- 
tion about the stimulating event and have processing consequences, so that identical 
and perhaps related events can be  processed more quickly on subsequent presentation. 
It is the reactivation of perceptual and semantic records that accounts for repetition 
priming effects and sustains performance on item-specific implicit tests of memory 
(see also Tulving & Schacter, 1990; Schacter, 1990). The term engram refers to the 
informational content of the record. 

The Hippocampal Component: A Memory Module 

Only the output of modules can be made accessible to consciousness, although it 
can also drive procedural or action systems directly without first gaining access to 
consciousness (see Moscovitch, 1989; Schacter, 1989). If the output is consciously 
apprehended by virtue of its being delivered to working memory (see Moscovitch & 
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FIGURE 1.1. A sketch of the interaction of modules and central system structures in a neuropsychological 
model of memory (see text). Consciousness has yet to be localized. It may emerge as a product of the 
interaction between cortical and subcortical systems. From "Confabulation and the Frontal System: Strategic 
vs. Associative Retrieval in Neuropsychological Theories of Memory" (p.  154) by M. Moscovitch, 1989, in 
H. L. Roediger 111 and F. I. M. Craik (Eds.), Varieties of Memory and Con.sciousness: Essays in Honor of  
Endel Tulving (pp. 133-156). Hillsdale, NJ: Erlbaum. Copyright 1989 by Lawrence Erlbaum Associates. 
Reprinted by permission. 

Umilta, 1990,1991, for a discussion of working memory and consciousness), it is picked 
up automatically by the hippocampal component, which is a functional unit that 
comprises the hippocampus and related limbic structures in the medial temporal lobe 
and diencephalon.' Thus, only consciously experienced, usually semantically inter- 
preted events, or signals related to them, are channeled automatically to the hippocam- 
pal component. This component, in turn, mandatorily binds the information it receives 
with the engrams in the modules and central systems whose activities gave rise to the 
conscious experience. This process is probably mediated by reciprocal pathways 
connecting the hippocampus to the neocortex via the entorhinal cortex and adjacent 
cortical areas (Squire, 1987; Hyman, Van Hoesen, & Damasio, 1990). This hippocam- 
pally mediated collection of bound engrams constitutes a memory trace (Hayman & 
Tulving, 1989), which is encoded as an index or file entry within the hippocampus. 
Memory consolidation refers to this entire hippocampal process. 

Conscious recollection of an event occurs when a cue, either externally presented 
or internally generated, gains access to working memory (consciousness), activates the 
hippocampal index, and interacts with the memory trace. The outcome of that interac- 
tion is in turn delivered to consciousness (working memory). The process by which 
retrieval information is brought into interaction with stored information (Tulving, 
1983) is called ecphory (Semon, 1921, cited in Schacter, Eich, & Tulving, 1978). Both 
ecphory and consolidation are rapid, automatic, and mandatory processes to which we 

'The component has been designated "hippocampal" in deference to its most prominent structure 
and because the functions of the other structures have yet to be differentiated clearly from the memory 
function of the hippocampus. 
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have no conscious access. What is available to us is only the input and shallow output of 
the hippocampal system. Because of this, we  consider the hippocampal component to 
constitute a memory module analogous in its operation and essential features to input 
modules. Because it is modular, because its representations (memory traces) consist of 
indices to bound or associated engrams, and because retrieval is automatic to cues 
associated with the memory trace, we refer to the hippocampal component as "associa- 
tive"-a term that also describes the explicit memory tests mediated primarily by it. 

The associative/ecphoric component of memory, with the hippocampus at its 
core, automatically encodes consciously apprehended information and, in response to 
the appropriate cue, automatically delivers ecphoric information back to consciousness 
as a memory. Being modular, this component lacks intelligence. If the cue does not 
elicit a memory directly, it cannot conduct a search on its own. Even if a memory is 
elicited, the information that is delivered may not be  veridical, because the cue may 
activate the wrong trace or may interact inappropriately with existing traces to deliver 
partial, or even implausible and distorted, memories to consciousness. Lacking intelli- 
gence, the hippocampal component is not adequate for distinguishing these imposters 
from the genuine articles. Also, because the component's memory is associative, it lacks 
organization beyond associations that memory traces have formed with one another 
and with cues. 

The Frontal Lobes: A Central System Structure 

Strategic processes mediated by the frontal lobes and its related structures (the 
frontal component) are necessary for endowing memory with "intelligence"-that is, 
for organizing the information in consciousness that serves as the input to the hippo- 
campal component, for evaluating hippocampal output to determine whether it is 
veridical, for monitoring the output so that it is consistent with the requirements of the 
test, and for placing the retrieved memories in a proper spatiotemporal context with 
other memories. In short, through "working-with memory" (Moscovitch & Winocur, 
1992, in press), strategic processes make memory goal-directed. Unlike the associative/ 
ecphoric processes of the hippocampus, strategic, frontal processes entail conscious 
awareness; as a result, they can be brought under conscious control and mediate 
performance on strategic, explicit tests of memory. 

Item-Specific Implicit Tests and Input Modules 

The Perceptual Record 

According to the present model (Moscovitch, 1989; Moscovitch & Umilta, 1990, 
1991), perceptual records in input modules are what support performance on many 
item-specific, implicit tests of memory. In many of these tests, retention of target items 
is measured by the presence of repetition priming effects. Such effects, as noted 
earlier, are obtained when stimuli are processed more accurately or more efficiently 
when they are repeated than when they were presented for the first time. Repetition 
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priming effects are found in a variety of tasks involving words, pictures, and nonsense 
shapes (for reviews, see Moscovitch & Umilta, 1991; Tulving & Schacter, 1990; Ri- 
chardson-Klavehn & Bjork, 1988). Because conscious recollection of the past is not 
required in any of these tasks, repetition priming effects serve as an implicit or 
nonconscious test of memory for the repeated target. Because the test is implicit, and 
mediated only by cortical input modules, amnesic patients with damage to the hippo- 
campal component often perform normally on these tasks (Moscovitch & Umilta, 1991; 
Shimamura, 1986; Tulving & Schacter, 1990). So do demented patients with Alzhei- 
mer's disease (Keane, Gabrieli, Fennema, Growdon, & Corkin, 1991; Moscovitch, 
1985). 

To understand the relation between input modules and perceptual repetition 
priming effects requires at least a nodding acquaintance with some neuropsychological 
syndromes related to perception. One of the criteria of modularity is that only the 
module's shallow output is available to conscious inspection. Many neuropsychological 
deficits of perception, such as some forms of prosopagnosia, dyslexia, aphasia, neglect, 
and blindness, can be described as impairments that arise from a decoupling of 
perception from conscious awareness (for review, see Schacter, McAndrews, & Mos- 
covitch, 1988). 

For example, prosopagnosic patients can distinguish familiar from unfamiliar 
faces implicitly, as indicated by their galvanic skin response, but not explicitly, as 
indicated by conscious report either verbally or by pointing to the correct item (Bauer, 
1984; Tranel & Damasio, 1985). To acquire such item-specific knowledge, input 
modules that do not have access to consciousness must have the capacity to be 
modified by experience; that is, they must be capable of storing perceptual records of 
the activity involved in decoding stimulus events or of the representations that ensue. 
Working with a prosopagnosic patient, Greve and Bauer (1990) presented strong 
evidence that modules dissociated from consciousness can store new information. 
When they tested retention for newly presented unfamiliar faces implicitly by asking 
their patient to choose the face he preferred between the target and the lure, he chose 
the target at a rate significantly above chance level, though on explicit tests no savings 
was noted (see also De Haan, Young, & Newcombe, 1987). Together, these studies 
suggest that if an input module is relatively intact, it can store new information as a 
perceptual record, but its shallow output cannot gain access to consciousness. 

According to the present model, the information that perceptual records contain 
about the initial stimulating event enables identical (and, perhaps, related) stimuli to be 
processed more efficiently by the module when they are repeated. The information 
contained in the record must be at the level of abstraction specific to the domain in 
which the module operates. For example, if the perceptual record stores information in 
a specific modality, a stimulus that is repeated in a different modality will not reacti- 
vate the record, and therefore will not be processed more efficiently. 

Our knowledge of the type of information that input modules store, though 
rudimentary, is sufficient to permit the formulation of some broad hypotheses about 
the variables that affect repetition priming effects. The hypotheses are derived from 
studies of patients with neuropsychological disorders that either affect modules or 
isolate them from other systems. For example, studies of patients with acquired 
dyslexia indicate that the visual word form system or module represents information at 
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the level of visual, graphemic properties of words, but not at the level of specific 
features of letters such as font, size, script, and so on (Schwartz, Saffran, & Marin, 1980; 
Saffran & Marin, 1977). Visual repetition priming effects for words should therefore be 
sensitive to changes in modality, but not to changes in physical features. Except for 
completion of word stems and fragments (see Tulving & Schacter, 1990), which seems 
to be especially sensitive to variation in physical features, the results from many other 
tests, such as reading, lexical decision, and perceptual identification, are consistent 
with the prediction (Carr, Brown, & Charalambous, 1989; Jacoby, 1983; Scarborough, 
Cortese, & Scarborough, 1977). Because visual word forms are presemantic, higher- 
order semantic processes should have little or no influence on repetition priming 
effects. The literature is generally consistent with this prediction (Tulving & Schacter, 
1990; Roediger, 1990; Richardson-Klavehn & Bjork, 1988; but see Bentin & Moscovitch, 
1988). 

The factors influencing repetition priming effects for line drawings of real or 
imaginary objects are also consistent with how objects are represented in input mod- 
ules. Because the information stored is a visually structured, nonsemantic representa- 
tion of a particular object, and not of a generic object (Riddoch & Humphreys, 1987; 
Schacter, Cooper, Delaney, Peterson, & Tharau, 1990; Warrington & Taylor, 1978), 
repetition priming effects are sensitive to changes in the token but not to variations in 
size or orientation, and are not influenced by semantic encoding processes (Schacter 
et al., 1990; Cooper, Schacter, Ballesteros, & Moore, 1992; Musen & Treisman, 1990; 
Jacoby, Baker, & Brooks, 1989; Warren & Morton, 1982; Jolicoeur, 1985; Jolicoeur & 
Milliken, 1989; Bartram, 1974). Similar consistencies are also found between studies of 
repetition priming effects for faces and neuropsychological evidence about the nature 
of face identity modules (Bentin & Moscovitch, 1988; Bruce & Young, 1986; Ellis, Young 
& Flude, 1990; Ellis, Young, Flude, & Hay, 1987; McNeil & Warrington, 1991). 

The Semantic Record and Repetition Priming Effects 

Not all repetition priming effects are immune to semantic influences. Small, but 
reliable, influences of higher-order conceptual processes are found on implicit tests in 
which a taxonomic category, a related word, or a question serves as a cue to elicit the 
target word (Blaxton, 1989; Roediger, 1990). Much smaller, but nonetheless also reli- 
able, effects are also found for word stem and fragment completion (Roediger, 1990; 
Schwartz, 1989). That these tests are truly implicit is attested by the fact that perfor- 
mance on them is independent from performance on explicit tests in normal people, 
and by the fact that amnesic patients can perform normally on them (Schacter, 1987; 
Gardner, Boller, Moreines, & Butters, 1973; McAndrews, Glisky, & Schacter, 1987). 

The existence of conceptual repetition priming effects suggests that central 
systems involved in interpreting the shallow output of modules can store a semantic 
record of their activity or representations. Like the perceptual record in modules, the 
semantic record is reactivated by the appropriate semantic input. If conceptual repeti- 
tion priming effects are mediated by semantic central systems, they should be absent 
or reduced in patients with damage to those structures. Recent evidence that concep- 
tual, but not perceptual, repetition priming effects are absent in patients with Alzhei- 
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mer's disease (Butters, Heindel, & Salmon, 1990) and in patients with left temporal 
lobectomy (Blaxton, in press) supports this prediction. 

Procedural Implicit Tests 

The acquisition and retention without conscious awareness of motor and cognitive 
skills, such as mirror-image drawing and learning to read transformed script, have been 
noted in amnesic patients with various etiologies (Corkin, 1968; Milner, 1966; Milner, 
Corkin, & Teuber, 1968; Cohen & Squire 1980; Martone, Butters, Payne, Becker, & Sax, 
1984; Moscovitch, Winocur, & McLachlan, 1986). Even rules necessary to solve such 
cognitive puzzles as the Tower of Hanoi can also be acquired implicitly and retained by 
patients with severe memory disorder (Saint-Cyr, Taylor, & Lang, 1988), though the 
effect is not always reliable (Butters, Wolfe, Martone, Granholme, & Cermak, 1985). 

Recent studies, primarily by Butters et al. (1990) on patients with Huntington's 
and Parkinson's disease, suggest that the basal ganglia are critical for mediating perfor- 
mance on procedural implicit tests that have a strong sensorimotor component (Hein- 
del, Salmon, & Butters, 1991). These patients, unlike amnesics or patients with Alzhei- 
mer's disease, do not show the normal improvement with practice on pursuit-rotor 
tasks and mirror drawing. 

Performance on nonmotor procedural tests may be impaired following damage 
to some basal ganglia structures but not others. Patients with Huntington's disease have 
difficulty learning to read mirror-transformed script (Martone et al., 1984), but Parkin- 
son's patients do not (Huberman, Freedman, & Moscovitch, 1988; Heindel, Salmon, 
Shults, Walicke, & Butters, 1989; Bondi & Kaszniak, 1991). The critical structure may 
be the caudate nucleus, which is directly affected in Huntington's disease, but only 
indirectly in Parkinson's disease. 

Acquisition of the recursive rules for solving the Tower of Hanoi is impaired in 
Parkinson's disease patients and in Huntington's disease patients with moderate, but not 
mild, dementia (Saint-Cyr et al., 1988; Butters et al., 1985). The critical structures in this 
case may not be the basal ganglia at all, but rather the frontal lobes, since patients with 
focal frontal lesions are also impaired on this task (Shallice, 1982) and Parkinson's and 
Huntington's patients are known to have frontal dysfunction (Brown & Marsden, 1990). 

Consistent with the neurological literature is our finding that procedural rule- 
learning memory and item-specific memory act independently in normal people. 
Using an anagram-solving task, a colleague and I (McAndrews & Moscovitch, 1990) 
showed that implicit acquisition and retention of a solution rule (the sequence in which 
the letters had to be rearranged) improved the speed and accuracy of anagram 
solution, independently of prior exposure to the target item. The procedural rule- 
learning and item-specific components of memory were additive. 

Associative/Ecphoric Explicit Tests and the Hippocampal Component 

In presenting this model, I have noted that the formation (consolidation) and retrieval 
(ecphory) of memory traces through the hippocampal component are automatic, 
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mandatory processes that are initiated by conscious apprehension of targets and cues. 
If the hippocampal component acts like a module, as I have proposed, it should satisfy 
the three criteria of modularity: domain specificity, informational encapsulation, and 
shallow output. The available evidence, though sparse, is consistent with this proposal. 

Domain Specifcity 

The domain of the hippocampal component is consciously apprehended infor- 
mation. Information that is not attended to, and is therefore not fully registered in 
consciousness, should not be consolidated or retrieved on explicit tests of memory. 
This fact has long been known to laypeople and is supported by well-controlled 
experiments (Craik & Byrd, 1982). It is significant that the information that is unavail- 
able to the hippocampal component, either because attention is diverted from it (input 
interference) or because the input is unconsciously perceived, is picked up nonetheless 
by input modules and supports performance on implicit tests for the very same 
material that is unavailable on explicit tests (Eich, 1984; Forster, Booker, Schacter, & 
Davis, 1990; Forster & Davis, 1984; Kihlstrom, Schacter, Cork, Hurt, & Behr, 1990; 
Merikle & Reingold, 1991; Parkin, Reid, & Russo, 1990). 

The neuropsychological criterion of domain specificity is satisfied by evidence 
showing that damage to the hippocampal component can produce memory loss with 
relatively preserved cognitive functions, whereas damage to other cortical structures 
can impair various aspects of cognition without affecting memory (Neary, Snowden, 
Northern, & Goulding, 1988; Milner, 1966, 1974). In short, there is ample evidence of 
double dissociation between hippocampal memory functions and cognitive functions 
mediated by other cortical structures. 

Informational Encapsulation 

According to the criterion of informational encapsulation, the hippocampal com- 
ponent, from the time it receives its input until it emits its output, should be resistent to 
higher-order influences, and its operation should be cognitively impenetrable to con- 
sciousness. Because the input to the component is consciously apprehended informa- 
tion that is highly processed and interpreted, and because its output is necessarily 
similar (see below for shallow output), it is difficult to determine from experiments on 
normal people whether this criterion is satisfied. The best evidence may be available 
from studies of retrieval. If the operation of the component is immune to higher-order 
influences, concurrent interfering tasks should have little effect on ecphoric processes 
necessary for retrieval. Indeed, there is a wealth of evidence that interference at study 
impairs memory, presumably by preventing the information from being fully regis- 
tered in consciousness (Craik & Byrd, 1982). Judging from the dearth of reports, 
comparable effects are very difficult to obtain at test (see Baddeley, Lewis, Eldridge, 
& Thomson, 1984), probably because the ecphoric process is triggered automatically 
by the appropriate cue and delivers its output to consciousness without effort. When 
interference effects are obtained, they are probably affecting strategic rather than 
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associative ecphoric processes (for further discussion, see the "Cognitive Resources 
. . ." section, below). 

Neuropsychological evidence from demented patients may prove more useful 
than studies of normal people. Consistent with the criterion of informational encapsu- 
lation, memory loss is not a feature of dementia if the neuropathology causing it does 
not affect the hippocampal component (Neary et al., 1988). DeRenzi, Liotti, and 
Nichelli (1987) report a case of a patient with semantic memory loss caused by a focal 
lesion in whom episodic memory is not affected as severely. In short, the hippocampal 
component seems to be able to operate independently of other cognitive central 
systems. 

Shallow Output 

Umilta and I (Moscovitch & Umilta, 1991) proposed that the shallow output of the 
hippocampal component consists of memory of an event that is not placed in its proper 
spatiotemporal context; that is, it is recognized as a memory of the past, but it cannot be 
interpreted properly within the context of other past or current events without the 
involvement of central systems. Temporal order is not coded in the hippocampal com- 
ponent. Order information is dependent only on associations between events. The 
memory, therefore, consists of content without context; in its purer form, it is memory 
based on familiarity and stripped of explicit information about its source. 

A dramatic demonstration of how memory operates when it relies only on the 
shallow output of the hippocampal component is provided by patients with large 
bilateral lesions of the frontal lobes and related structures, caused by anterior communi- 
cating artery aneurysms. Their performance on tests of recognition is relatively spared, 
though recall, which may have a strategic component, is impaired (Moscovitch, 1989; 
but see Delbecq-Derouesnb, Beauvois, & Shallice, 1990). Many of these patients also 
confabulate (Berlyne, 1972; Moscovitch, 1989). Their confabulations, however, are 
rarely pure fabrications, but seem to consist of memories that unchecked ecphoric 
processes deliver to consciousness. Often they combine accurate memories without 
regard to their internal consistency or even plausibility. Though such patients some- 
times recognize, and even recall, individuals and events, they place them in inapprop- 
riate contexts. Memory for temporal order is grossly impaired even when memory for 
the particular events is preserved. It is significant that when the hippocampal compo- 
nent is damaged but the frontal system is intact, memory for content is severely 
impaired, but what remains can be placed into context normally (Milner, Petrides, & 
Smith, 1985; Shimamura, Janowsky, & Squire, 1990). 

In normal people, dissociations of content from context have been observed in 
experimental demonstrations of source amnesia (Schacter, Harbluk, & McLachlan, 
1984), of independence between recognition and list differentiation (Jacoby, Wolo- 
shyn, & Kelley, 1989), and of independence between recognition based on familiarity 
and recognition based on strategic retrieval (Mandler, 1980; Gardiner & Java, 1989). 
The links to neural structures involved in strategic and associative/ecphoric aspects of 
memory are only now beginning to be made (Moscovitch, 1989; Schacter, 1987; 
Shimamura, Janowsky, & Squire, 1991). 
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Strategic Explicit Tests and the Frontal Lobes 

The frontal lobes contribute to organizational aspects of memory at encoding and 
retrieval. It is not involved directly with consolidation and ecphoric processes, as is the 
hippocampal component. As prototypical central system structures, the frontal lobes 
are essential for organizing the input to the hippocampal system, evaluating its shallow 
output, placing it in its proper spatiotemporal context, and using the resulting informa- 
tion either to guide further mnemonic searches or to direct thought and plan future 
actions. 

With the involvement of the frontal lobes, remembering is converted from an 
essentially reflexive process mediated by the hippocampal component to an intelligent, 
goal-directed activity. Frontal damage therefore does not lead to memory loss for the 
target if the cue is sufficient to specify it. Instead, deficits are noted on tests that are not 
cue-driven-tests in which additional strategic search processes are necessary for 
retrieving the target or for placing it in its spatiotemporal context. Thus, tests sensitive 
to frontal damage include judgments of recency (Milner, 1974) and temporal order 
(Moscovitch, 1989; Shimamura et al., 1990), conditional associative learning and self- 
ordered pointing (Petrides, 1985; Petrides & Milner, 1982), frequency estimation (Smith 
& Milner, 1988), memory for sources (Schacter, 1987; Janowsky, Shimamura, & Squire, 
1989), and list differentiation (Moscovitch, 1982). Performance on delayed response 
and delayed alternation in both humans and monkeys (Goldman-Rakic, 1987; Freed- 
man & Oscar-Berman, 1986a, 1986b) also depends on remembering spatiotemporal 
context from trial to trial, and consequently is impaired following frontal lesions. Even 
recognition and recall may suffer if organization at encoding (Incissa della Rochetta, 
1986) or strategic search and monitoring at retrieval are prominent features of the task 
(Delbecq-Derouesne et a]., 1990; Mayes, 1988; Moscovitch, 1989; see also Dywan & 
Jacoby, 1990, for controlled and automatic processes in recognition and list differentia- 
tion). Similar deficits are also noted in patients with Parkinson's or Huntington's disease 
(Brown & Marsden, 1990; Saint-Cyr et a]., 1988; Vriezen & Moscovitch, 1990), and in 
"normal" elderly people, many of whom show symptoms of frontal dysfunction (for 
review, see Moscovitch & Winocur, 1992). 

Because the frontal lobes, unlike the hippocampus, are central system structures, 
their operation is not domain-specific. Frontal impairments, when they occur, extend 
to a variety of domains. Deficits associated with frontal damage are not restricted 
therefore only to recently acquired, episodic memories. Remote memory and semantic 
memory seem to be affected as well (Moscovitch, 1989; Sagar, Cohen, Sullivan, 
Corkin, & Growdon, 1988; Shimamura et a]., 1990). Even performance on implicit tests 
may be impaired, particularly those that may have a search component and those 
involved in learning and applying rules and procedures (Shallice, 1982; Saint-Cyr et al., 
1988). Frontal memory deficits are often accompanied by deficits in strategic, organi- 
zational processes in other domains such as motor sequencing (Kolb & Milner, 1981; 
Luria, 1966) and problem solving and attention (Milner, 1964; Shallice, 1982,1988; Stuss 
& Benson, 1986). 

My colleagues and I have chosen the term working-with memory (Moscovitch & 
Winocur, 1992, in press; Moscovitch, 1992) to describe the memory functions of the 
frontal lobe. We prefer the more neutral, descriptive term over the theoretically loaded 
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"working memory," a term that Baddeley (1986) and Goldman-Rakic (1987) favor. 
Working-with memory captures the essence of frontal contributions to memory, and 
carries no commitment to endorse everything that theories of "working memory" 
entail. It also avoids the confusion between different uses of the term "working 
memory" in the animal and human literature. 

Cognitive Resources: Cortical Modules, the Frontal System, 
and the Hippocampal System 

Because modules, including the hippocampal system, process information automati- 
cally, they are likely to require few cognitive resources for their operation. Interference 
with ecphoric retrieval processes by a concurrent task should be minimal. Interference 
with strategic processes by such a task at test, on the other hand, should be quite 
noticeable, since they are under voluntary control and are likely to draw on available 
cognitive resources (see Moscovitch & Umilta, 1990,1991, on the interaction of central 
systems with a limited-capacity central processor). There is little evidence in the 
literature that addresses this issue directly. Of the few studies that reported concurrent- 
task interference effects on retrieval, almost all used tests that were sensitive to frontal 
damage or dysfunction: verbal fluency (Baddeley et al., 1984), recognition that re- 
quires list differentiation (Jacoby, Woloshyn, & Kelley, 1989; Dywan & Jacoby, 1990), 
and recall of categorized lists (Park, Smith, Dudley, & Lafronza, 1989). 

To test the retrieval-interference hypothesis directly, I (Moscovitch, 1991) de- 
signed experiments that compared the effects of concurrent interference on memory 
tests sensitive to hippocampal damage with those on tests sensitive to frontal damage. 
The tests were administered either without interference, or with interference at study, 
at test, or on both occasions. The concurrent, secondary task was sequential finger 
tapping (index, ring, middle, small), which the subjects attempted to perform continu- 
ously and without error throughout the designated phase of the experiment. The 
prediction was that performance would suffer more on the frontal than on the hippo- 
campal tests. 

In the first experiment, subjects were administered the California Verbal Learn- 
ing Test, which is a test of free recall and learning of a 16-item categorized list that 
consists of four items from each of four categories. In patients with frontal damage or 
dysfunction, recall is impaired on this list, because subjects fail to take full advantage 
of the organization inherent in the list. Clustering by category at recall is reduced. 
Concurrent interference at study and test, but at neither alone, reduced overall recall 
and clustering (see Figure 1.2), but had little effect on learning-a pattern consistent 
with frontal, but not hippocampal, dysfunction. 

In another set of experiments, we examined the effects of interference on release 
from proactive inhibition (PI) (Craik & Birtwistle, 1971; Wickens, 1970). The locus of 
the release effect has been shown to occur at retrieval (Gardiner, Craik, & Birtwistle, 
1972) in normal people. Consistent with this is the observation that release is often 
reduced in patients with frontal damage or dysfunction, though overall recall during 
the buildup of PI is normal (Moscovitch, 1982; Squire, 1982; Winocur, Kinsbourne, & 
Moscovitch, 1981; Moscovitch & Winocur, 1983; but see Freedman & Cermak, 1986; 
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FIGURE 1.2. Recall of categorized lists: Average number of words recalled by college students in various 
concurrent interference conditions. 

Janowsky, Shimamura, Kritchevsky, & Squire, 1989). The reverse is found after lesions 
of the hippocampal component (Moscovitch, 1982). As predicted, concurrent interfer- 
ence at both study and test, but at neither alone, reduced release from PI but had little 
effect on overall recall on the prerelease trials. 

Because the frontal lobe's functions are not restricted to memory, concurrent 
interference should also affect performance on frontal tests in other domains. We 
found that sequential finger tapping led to a reduction of about 25% on a letter fluency 
task, which is sensitive to left frontal damage (Milner, 1964; Benton, 1968), but to less 
than a 5% reduction on category fluency, which is more sensitive to left temporal 
damage (Newcombe, 1969) (see Figure 1.3). 

Although the results are not conclusive, since alternative interpretations are 
possible, the experiments on concurrent interference support the hypothesis that stra- 
tegic mnemonic processes mediated by the frontal lobes are resource-demanding, 
whereas associative, hippocampal processes are relatively effortless. These findings 
are also consistant with the view that frontal lobes are central system structures and the 
hippocampus is m o d ~ l a r . ~  

2Performance on item-specific implicit tests should be resistant to interference even at study. The 
evidence indicates this to be  so (see "Associative/Ecphoric Tests and the Hippocampal Component," 
above). Performance on procedural implicit tests, insofar as they involve the frontal lobes, may also be 
susceptible to interference, but no relevant data are available on this topic. 
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FIGURE 1.3. Average number of words generated in 1 minute in a letter (phonemic) and category fluency 
task with, and without, a concurrent interfering task. 
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