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Cognitive psychologists (and others) have generally taken two views toward explain- 
ing cognitive processes. The dominant view, as old as faculty psychology and 
structuralism, attempts to analyze cognition into its basic components. Faculty 
psychologists considered the numerous categories of cognition-sensation, percep- 
tion, memory, reasoning (and many more)-as independent mental entities sub- 
served (according to phrenologists) by different parts of the brain. Faculty psychol- 
ogy was quite popular in the nineteenth century. As Boring (1950) remarks, people 
“have always accepted rcadily such contentions as that .  . . a good memory depends 
on having a good faculty of memory. Such naming is word magic,” but easy to 
understand and hence popular. 

Faculty psychology died around the turn of the century. Now, as a new century 
approaches, this view is making a triumphant return, albeit in a more convincing 
form based on better evidence. Proponents such as Fodor (1983), Gazzaniga (1985), 
Shallice (1988), and many others advocate fractionation of mind into numerous 
independent modules or systems subserved by different neural regions. While 
interactions between modules occur, the emphasis is on their separation and 
independence. 

A second tradition aimed at understanding cognition takes a different approach, 
emphasizing interdependence of cognitive processes. The functionalists are the 
historical forefathers of this approach. Proponents of this approach believe that 
distinctions among processes such as perceiving, remembering, categorizing, prob- 
lem solving, and so on are quite arbitrary. They are useful in defining areas of 
emphasis and categorizing topics for textbooks, but misrepresent ongoing cognition 
because these processes strongly interact. For example, Craik and Lockhart (1972) 
pointed out that attention to different perccptual features of events affects memory 
for them, showing how memory depends on perception. Jacoby (1983, 1988) has 
shown that the converse is true, too. Similarly, solving a problem depends on how its 
features are perceived, whether relevant facts and examples can be remembered, 
and so on. Kolers and Roediger (1984) argued for an approach based on studying 
interactive procedures of mind rather than a listing of properties, systems, and 
modules. 
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A debate continues as to which of these approaches best advances our understand- 
ing of cognition. Of course, there is no necessary opposition between these ap- 
proaches: Cognition may depend on discrete modules or systems that operate by 
particular procedures embodied in their functioning. Schacter (this volume) explores 
this position. 

Our aim in this chapter is different. We inquire into the logic of postulating 
separate systems or modules. Our aim is to specify a set of criteria-basically a series 
of converging operations-that should be fulfilled in postulating a distinct memory 
system. The criteria are not ours, but have been proposed by others (especially 
Tulving, 1985a, b; and Sherry and Schacter, 1987). 

Cognitive neuropsychologists (e.g., Shallice, 1988) use the logic of dissociation 
experiments to fractionate the mind into its presumed modular components. If a 
patient shows a pattern of brain damage that has effects on task X but not on task Y 
(and not on other related tasks), then a module may be postulated to explain the 
normal function underlying task X. This single dissociation is greatly bolstered if a 
second patient can be found whose brain damage reveals the opposite pattern-task 
Y is affected but task X is not. Such double dissociations are rare in research on the 
neuropsychology of memory, so other criteria (such as seeking dissociations in 
normal subjects) are used in postulating memory systems. We examine these criteria 
and the supporting evidence in this chapter. 

We adopt Sherry and Schacter’s (1987) definition of a memory system, which 
“refers to an interaction among acquisition, retention, and retrieval mechanisms that 
is characterized by certain rules of operation. The term multiple memory system refers 
to the idea that two or more systems are characterized by fundamentally different 
rules of operation” (p. 440). 

GENERAL CONSIDERATIONS 

Several a grion’ arguments can be made for multiple memory systems. For 
example, in considering memory comparatively, surely the human brain has more 
complex information processing capabilities than do simpler biological systems, from 
planaria to alligators to birds (Sherry & Schacter, 1987). Similarly, compelling work 
with animal models of learning and memory provides evidence for distinct neural 
systems (e.g., Mishkin, Malamut & Bachevalier, 1984), as we discuss later in this 
chapter. These considerations and others lead to the plausibility of multiple memory 
systems existing in the human brain. We agree, but the issues we address are the 
criteria researchers should use to postulate these systems. What minimal set of 
criteria must be satisfied to postulate a new memory system? Does current evidence 
satisfy these criteria? 

Theorists have suggested numerous overlapping terminologies for memory sys- 
tems. Tulving (1972, 1983) distinguished between episodic and semantic memory, or 
memory for personal experiences (episodes) and for general knowledge, respec- 
tively. Cohen and Squire (1980) differentiated declarative and procedural memory, 
with declarative referring to propositional knowledge (knowing that) and procedural 
to action-based knowledge (knowing how). According to Squire (1986, 1987), both 
systems are subdivided so that, for example, episodic and semantic memory are 
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subsystems of declarative memory. To pick a third prominent example, Weiskrantz 
(1987; 1989) decomposes memory into event memory (the phenomenal memory for 
events or experiences), knowledge systems (knowledge of objects, persons, or other 
entities), associative memory (any close, direct, and durable relation of S-S or S-R 
conditioning in the absence of mediating links or competing associations), and 
priming (facilitation from prior performance on a task on its repetition). 

This list of hypothetical systems could be extended. We will not pause to try to 
define these names further and to distinguish among their various shades of 
meaning, but instead present a useful overall conceptualization provided by Tulving 
(1987, p. 72) in TABLE 1 here. At the bottom of the table are procedural, associative, 
or implicit memory, an action-based system that humans presumably share with 
other organisms. At the next level are knowledge, or semantic memory systems 
referring to generic knowledge about the world, particularly language, and the 
meaning of other symbols for humans. At the top of the table is event memory, 
episodic memory or explicit memory, which describes an organism's ability to 

TABLE 1. Classificatoly Schemes of Human Memory" 
Level Tulving Weiskrantz Cohen & Squire Kinsbourne Schacter 
111 Episodic Event Episodic Explicit 

memory memory memory memory 
Declarative 

memory 
I1 Semantic Knowledge 

memory systems 
Semantic Implicit 

memory memory 
I Procedural Associative Procedural 

memory memory memory 
Priming 

"From Tulving (1987). Used with permission. 

retrieve specific events defined as occurring in a particular time and place. The 
schemes proposed by Tulving, by Cohen and Squire, and by Weiskrantz refer to 
postulated memory systems in the brain but the explicit/implicit distinction of 
Schacter (1987; also Graf & Schacter, 1985) is intended as descriptive. Explicit 
memory tests are those in which people are told to remember experiences, whereas 
in implicit tests memory is assessed indirectly by measuring transfer of past experi- 
ence in performing a new task. 

The critical issue for present purposes is not to compare and contrast the views 
represented in TABLE 1, but to consider the criteria used to support any distinction 
between memory systems. We consider four overlapping criteria proposed by others 
(particularly, Sherry & Schacter, 1987, and Tulving, 1985a, b; 1987). These are (a) 
functional dissociation between tests, (b) different underiying neural structures, (c) 
stochastic independence between tests, and (d) functional incompatibility of opera- 
tion. 
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THE LOGIC OF FUNCTIONAL DISSOCIATION 

The primary type of evidence that leads researchers to the conclusion that 
multiple memory systems exist is the functional dissociation between performance 
measures. In his 1983 book, Tulving explained the logic this way: 

Experiments following the logic of experimental dissociation involve the manipulation of 
a single variable and comparison of the effects of the manipulation in two different tasks: 
one episodic, the other semantic. Dissociation is said to have occurred if it is found that 
the manipulated variable affects subjects’ performance in one of the two tasks but not in 
the other, or affects the performance in different directions in the two tasks (p. 73). 

If dissociations between tests are found, this leads to the conclusion that different 
systems (or more neutrally, processes) underlie performance on the two tests. If no 
dissociation is found, this is only weak evidence against multiple systems or pro- 
cesses, because certainly no theory would predict that every comparison between 
tests should respond differently to independent or subject variables (Neely, 1989). 

Much contemporary evidence reveals dissociations between tests thought to tap 
different memory systems (see Richardson-Klavehn & Bjork, 1988; Schacter, 1987; 
Shimamura, 1986). For example, Jacoby and Dallas (1981; Jacoby, 1983) showed that 
the way in which subjects studied words had large effects on later recognition 
memory, but no effect (or even opposite effects) in the amount of priming obtained 
on a perceptual identification test (identifying words from brief displays). Tulving 
(1983) interpreted Jacoby’s data as indicating the operation of separate memory 
systems, although Jacoby himself (1983, 1988) has not favored this interpretation. 

Many similar dissociations have also been reported in the literature: Manipula- 
tion of independent variables (such as method of study) or subject variables (such as 
brain damage or age) show marked effects on one type of test, and either no effect or 
an opposite effect on another test. The frequent conclusion is that these tests are 
drawing upon different memory systems (e.g., Tulving, 1985 a, b; Weiskrantz, 1989). 

Roediger (1984), among others, has questioned this logic. When only one test 
thought to tap a memory system is compared with one other test believed to tap a 
different system, many other confounded factors are usually present, such as the 
information-processing requirements of the test (see Neely, 1989). Olton (1989) 
shows how even double dissociations can be artifactually produced unless the task 
demands of both tests are varied over a reasonable range. Dunn and Kirsner (1988) 
discuss related difficulties in drawing conclusions from experiments revealing dissoci- 
ations. Thus, while dissociations between tests may be suggestive of different 
memory systems, other interpretations usually are possible. Converging evidence is 
needed. 

More recently, Tulving (1987) has argued that: 

A critical requirement of successful research on classification by dissociation is the use of 
multiple tasks. The dissociation logic with multiple tasks is straightforward: If an 
experimental treatment, a focal brain lesion, a drug, or a stage of ontogenetic develop- 
ment has an effect on, or is correlated with, performance in memory tasks A, B, and C, 
but has no similar effect or correlation in performance in memory tasks X, Y, and Z, 
then it can be concluded that tasks A, B, and C, have something in common that X, Y, 
and Z do not (p. 70). 
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We agree entirely with Tulving about this critical requirement, but (as noted 
above) virtually all research showing dissociations and leading to the postulation of 
distinct systems has employed only two tasks, one tapping each hypothesized system. 

A few experiments have used multiple tasks and the results are  not particularly 
encouraging for the multiple systems interpretation of the dissociations. One  excep- 
tion to this statement is the work of Warrington and Weiskrantz (1970) in which they 
showed intact priming in amnesics on two tasks that would now be called implicit 
memory tasks (completing word stems, such as tab- for table and naming words from 
perceptually degraded features). Performance on these implicit tests was dissociated 
from that on two explicit tests by whether or not subjects had suffered brain damage. 
Amnesic patients showed worse performance (relative to controls) on the two 
implicit tests. However, both of the implicit tasks seem to draw on very similar 
information-processing requirements, because both are data-limited, and probably 
entail data-driven processing (see Jacoby, 1983 and Roediger, Weldon & Challis, 
1989). 

A different line of inquiry, by Nelson Butters and his associates, has revealed 
evidence for dissociations between implicit memory tests as a function of patient 
category. For example, in one study Heindel, Salmon, Shults, Walicke, and Butters 
(1989) compared performance of patients with dementia of the Alzheimer’s type 
(DAT) to derncnted patients with Huntington’s disease.c The two implicit tests were 
a pursuit-rotor learning task (keeping the point of a stylus on a moving target) and 
the priming of words on a word stem completion test (the benefit from studying a 
word in completing its 3-letter stem later). The Huntington’s disease patients were 
impaired in the motor learning task (relative to normals) but were not impaired in 
the lexical priming task. The DAT patients showed the opposite pattern: intact 
motor learning, but impaired priming. Interpreted in the neuropsychological tradi- 
tion of theorizing, this pattern of results implicates subsystems of procedural memory 
as has been proposed by Squire (1986, 1987). 

The most complete attempt to  use the multiple-task logic to  test for separate 
systems in normal subjects is a set of experiments reported by Blaxton (1989). She 
performed direct comparisons among three tasks tapping episodic memory, follow- 
ing study phases in which encoding conditions were manipulated. For present 
purposes, we consider two study conditions. Subjects read some words out of context 
(e.g., HEMLOCK) or generated the word from a conceptual clue and its first letter 
(e.g., a poisonous p l a n t - L ) .  (In cases where the item could not be generated by 
the subject, the experimenter read it aloud.) Another set of items was not studied, to 
serve as a baseline for performance on the semantic memory tasks. 

The three episodic memory tasks required subjects to  recall rccently experienced 
episodes (the studied words), but were chosen so that two of them were dependent 
on semantic relations or conceptually driven processing, and the other task was 
dependent on perceptual information or data-driven processing. For instance, if the 
studied item was HEMLOCK, subjects were either asked to recall it when given no 
cues (free recall) o r  when given a cue word (venom) related in meaning (semantic 
cued recall). These two episodic tasks were assumed to depend on meaning-based 

CThey compared another patient category and normal controls, too, but our points can be 
made with respect to the DAT and Huntington’s disease comparison. 
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(or conceptually driven) processing. The third episodic task (graphemic cued recall) 
required subjects to recall the studied item when given a cue word that looked like 
the target, but was not meaningfully related to it (hamhock). This test presumably 
enlisted a perceptually based (or data-driven) retrieval process. Similarly, processing 
requirements were varied for semantic memory tasks so that one task was dependent 
on conceptually driven processing, and the other on data-driven processing. The 
conceptually driven semantic memory task (answering general knowledge questions) 
required subjects to answer the question “What did Socrates drink at his execution?” 
while the data-driven semantic memory task (word fragment completion) required 
subjects to solve a fragment of the studied item (H E - - 0 - K). On the semantic 
memory tests, subjects were told to produce the first word coming to mind that filled 

MEMORY SYSTEM 

DATA -D R I  VE N 

TYPE 
OF 

PROCESSING 

CONCEPTUALLY 
DRIVEN 

EPISODIC 

QRAPHEMIC 
CUED 

RECALL 

FREE RECALL 

SEMANTIC 
CUED 

RECALL 

SEMANTIC 

WORD 
FRAQMENT 

COMPLETION 

QENERAL 
KNOWLEDGE 

FIGURE 1. The design of Blaxton’s (1989) Experiment 1, including the types of memory tasks 
employed. 

the task requirement; they were not told to use the question or fragment as a cue to 
retrieve studied words. 

The overall logic of Blaxton’s (1989) design can be grasped by examining FIGURE 
1. The independent variable (reading out of context versus generating a target) had 
previously been shown to differentially affect an episodic memory test and priming 
on a semantic memory test (Jacoby, 1983). Blaxton (1989) sought to replicate this 
effect and extend it to other tests of each class. Would similar effects be found on 
several episodic memory tests, and a different effect be revealed on priming in 
semantic memory tests? If so, then converging evidence would be achieved for the 
episodic/semantic distinction. 
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Blaxton (1989) replicated Jacoby (1983) by showing opposite effects of the 
read/generate manipulation on free recall fan episodic memory test) and primed 
fragment completion (a semantic memory test). The results are shown in TABLE 2. 
More importantly, dissociations also occurred between tasks tapping the same 
hypothetical system (e.g., between free recall and graphemic cued recall in episodic 
memory and between priming on word fragment completion and answering general 
knowledge questions in semantic memory). 

Overall, Blaxton (1989) concluded that her data did not implicate different 
memory systems, such as episodic and semantic memory; rather, the results sup- 
ported the idea that tests draw on different types of cognitive processes (data-driven 
or conceptually driven; see below). Note in TABLE 2 that the independent variable 
had one effect on all three conceptually driven tests (Generate > Read) and the 
opposite effect on both the data-driven tests (Read > Generate). Srinivas and 

TABLE 2. Proportion Correct (and Priming on Semantic Memory Tests) in Blaxton's 
(1989) Experiment 1 

Test System 

Free recall Episodic 
Semantic cued 

recall Episodic 
Graphemic cued 

recall Episodic 
Word fragment 

completion Semantic 

General knowledge Semantic 

Study Condition 

Type of 
Processing 

Data-Driven 
(No Context) 

Read 

Conceptually 
Driven 

(Context) Non- 
Generate studied 

Conceptually 
driven 

Conceptually 
driven 

Data-driven 

Data-driven 
Conceptually 

driven 

0.19 

0.51 

0.45 

0.75 (0.48) 

0.33 (0.08) 

< 0.30 0.00 

< 0.67 0.04 

> 0.34 0.06 

> 0.46(0.19) 0.27 

< 0.50 (0.25) 0.25 

NOTE: The data show several dissociations between memory tests tapping the same system. 
Each difference between Read and Generate conditions is statistically significant. 

Roediger (1990) obtained similar dissociations between implicit (procedural) mem- 
ory tests and reached the same conclusion as did Blaxton (1989). Note that these 
results, unlike those of Heindel et al. (1989) cited above, would seem more problem- 
atic for those postulating memory systems, because the dissociations occur between 
measures of word priming (not between word priming and motor learning). To 
account for these dissociations, systems theorists would need to postulate different 
memory systems for different forms of priming (see Tulving & Schacter, 1990, for 
example). 

In sum, we agree with Tulving that the multiple-test logic of functional dissocia- 
tion is critical to establishing the case for multiple memory systems. The primary 
problem is that the logic has rarely been applied, and in those cases where it has, 
dissociations have occurred between tests tapping the same proposed system at least 
as frequently as between tasks tapping different systems. In short, the logic of 
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functional dissociation via multiple converging tests has not upheld the idea of a few 
distinct memory systems. However, few researchers have yet attempted to apply this 
logic in concerted efforts, so the picture may change with future research. 

INDEPENDENT NEURAL PATHWAYS 

Another criterion put forward as evidence for distinct memory systems is that 
disrupting different neural pathways leads to dissociations between memory tasks. 
For example, episodic event, or declarative memory seems to be disrupted by lesions 
to the hippocampus and to functionally related structures (e.g., Bachevalier, this 
volume; Zola-Morgan & Squire, this volume). However, such lesions cause little 
disruption in tests believed to tap other systems (e.g., Squire, 1986). 

Of course, we agree with the claim that different patterns of neural activity could 
potentially be observed for any two tasks put to human or animal subjects. Different 
tasks surely require some difference in the neural events supporting their perfor- 
mance. However, the critical claim for the memory systems viewpoint is that a 
number of tests tapping the same memory system all share common neural pathways, 
whereas other neural pathways subserve different memory systems that control 
different tasks. 

The most convincing evidence so far is that damage to the hippocampus and 
related structures provides a striking disruption on certain tests of memory in both 
animals (e.g., Mishkin & Appenzeller, 1987; Olton, 1989) and in humans (see, 
Squire, 1987, for a review). Amnesic patients with damage to these areas show poor 
performance on many tests that seem to tap episodic, event, or explicit memory. On 
the other hand, in tests that tap some other form of memory amnesic patients show 
preserved performance (and preserved priming) (see Shimamura, 1986, Zola- 
Morgan & Squire, this volume). We are impressed by this work, but the logic is still 
that of functional dissociation, and we must note the proviso raised in the previous 
section. Work that has shown dissociations between tests tapping different memory 
systems has not shown the necessary converging evidence of multiple tests tapping 
each system within the same experiment. 

For example, two implicit memory tasks such as word stem completion (e.g., tab 
for table) and free associating to category names (naming articles of furniture for 30 
sec) both show preserved priming in amnesics (see Shimamura, 1986). Therefore, 
both are said to be subserved by the same memory system (semantic memory or 
procedural memory). If so, we would then expect both tasks to respond similarly to 
manipulation of independent variables. Would, say, varying levels of processing 
during study (Craik & Lockhart, 1972) similarly affect both tests for both normal and 
amnesic subjects? Based on prior work with normals, we suspect not (Graf, Mandler 
& Haden, 1982; Srinivas & Roediger, 1990): levels of processing would probably have 
little effect on primed fragment completion, but a robust effect on primed category 
association. Hamman (1989) reported some evidence that supported this prediction. 
If such a dissociation were found, then the tests would not seem to be tapping the 
same system, despite the fact that both reveal preserved priming in amnesics. At the 
very least, subsystems would be implicated by such evidence (see Schacter, this 
volume, for plausible candidates). 
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In general, researchers postulating distinct systems should not be content to show 
preserved priming on implicit tests in amnesic patients, but should see if these 
preserved implicit tests respond similarly to manipulation of independent variables 
when directly compared. If they do, and if they are dissociated from explicit tests, 
then the case for distinct systems is strengthened. But if dissociations occur between 
implicit tests in amnesics as a function of independent variables, then the case of 
multiple memory systems is weakened (or alternatively, more systems must be 
postulated to explain the new dissociations). 

Dissociations between implicit tests occur in normals as a function of indepen- 
dent variables (see Roediger, Srinivas & Weldon, 1989), but few experiments 
following the above logic have been conducted with brain-damaged patients. Until 
these critical experiments using multiple tasks are carried out, we withhold judgment 
on data from amnesic patients. And, as we note below, even if independent neural 
pathways are definitely established, this would not necessarily implicate distinct 
memory systems, at least as defined by Sherry and Schacter (1987). 

The same cautious judgment is warranted in experiments using new techniques 
of brain imaging. For example, Tulving (1989) compared different patterns of neural 
activity as reflected in regional cerebral blood flow. People were asked either to 
reflect on a specific memory from their remote or recent past (episodic memory) or 
some general knowledge they had acquired recently or in the past (e.g., of astron- 
omy) while cerebral blood flow was measured. In 3 out of 6 subjects tested, Tulving 
(1989) reported a different pattern of brain activity for the episodic and semantic 
memory “tests.” Episodic reflections tended to cause more activity (as measured by 
increased blood flow) in the frontal lobes, whereas retrieval of semantic memories 
produced more activity in the parietal lobes. 

Tulving (1989) used only two tests of each type (one drawing on recent memories 
and one drawing on remote memories), and the tests were atypical of standard 
laboratory measures because they provided no overt measure of performance. If 
several episodic memory tests requiring different types of responses all produce 
greater frontal activity, and several semantic or procedural tests all produce greater 
parietal activity, then one would have more convincing evidence for distinct neural 
systems. Once again, such converging evidence has not been provided. 

Some of the most convincing work detailing distinct memory systems comes from 
experiments with monkeys and other animals (e.g., Bachevalier, this volume; Zola- 
Morgan & Squire, this volume). Although we believe that these data greatly increase 
the plausibility of postulating distinct memory systems in humans, the specific tie of 
animal research to that with humans is somewhat less clear. The aim of some of this 
work is to produce animal models of human amnesia and the findings are intriguing. 

Zola-Morgan and Squire (this volume), Squire (1986), and their co-workers 
argue that monkeys and rats with damage to the hippocampus perform poorly on 
tests tapping “declarative memory” (often operationalized as delayed non-matching 
to sample). Nevertheless, damage to the hippocampus leaves performance intact on 
other (procedural) tasks. But the term declarative memory seems a misnomer when 
applied to animals that (in our experience) are not prone to making declarations 
about past events in their lives. Indeed, both tests tapping animals’ “procedural 
memory” and their “declarative memory” seem to us to rely completely on proce- 
dures. Of course the tests showing dissociations in animals as a function of brain 
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damage may differ qualitatively in important ways, but the declarativeiprocedurai 
distinction may not capture the important difference. In short, the animal work is 
persuasive in showing two different factors or components in learning, but it may not 
map well onto the hypothesized declarative and procedural memory systems in 
humans. 

The most interesting dissociations that occur in human amnesic patients are 
represented entirely within the verbal system. Amnesic patients report that they do 
not remember something (such as the presentation of a word in a list) while at the 
same time their behavior (priming in identifying the word or completing its frag- 
mented form) indicates that they have recently experienced it. If the interesting 
dynamics in human amnesia are between “knowing that” (reflected in verbal 
statements) and “knowing how” (reflected in other verbal behavior), then models 
using nonverbal animals may not inform these issues. 

But let us grant that different neural systems underlie performance on various 
tasks, as many researchers conclude. Does this necessarily imply distinct memory 
systems? Sherry and Schacter (1987) answer no. They argue that different memory 
systems should not be postulated unless “each module has its own acquisition, 
retention, and retrieval processes and that the rules of operation of these processes 
differ across modules. According to our usage of the term, only here do we find 
multiple memory systems (p. 440)’’ In short, according to Sherry and Schacter 
(1987), one must find distinct neural substrates and different rules of operation to 
postulate distinct memory systems. We will return to this point later. 

STOCHASTIC INDEPENDENCE BETWEEN TESTS 

Stochastic independence between successive memory tests is another type of 
evidence used to argue for distinct memory systems. Stochastic independence refers 
to the situation where performance on one test (say, recognition memory) is 
uncorrelated across items with performance on another type of test (say, primed 
perceptual identification where subjects are asked to name words from brief glimpses). 
This type of experiment involves three phases. First, subjects study a set of words; 
second, they take a recognition memory test in which the studied words are mixed 
with nonstudied words and subjects are asked to pick out the studied words; in the 
third phase, subjects are asked to identify words from brief glimpses, where some 
proportion of items are studied and some not. One might expect to find dependence 
between performance on these tests; words that subjects recognized on the first test 
will tend to be better identified on the second test. However, this sometimes is not 
the case and independence exists between the tests (e.g., Jacoby & Witherspoon, 
1982; Tulving, Schacter & Stark, 1982). Items correctly recognized in phase 2 are 
identified no better in phase 3 than items not recognized in phase 2. Tulving 
(1985a,b) has argued that stochastic independence is a critical feature of the 
argument for memory systems. 

On the other hand, many have argued against stochastic independence as 
evidence for different systems or processes. Hintzman (e.g., 1980) has argued that 
various statistical artifacts can undermine the analysis, although these claims are 
based on logical grounds and are typically not supported by direct experimental 
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evidence (but see Hintzman & Hartry, 1989). Second, in some sense the finding of 
stochastic independence rests upon the failure to reject the null hypothesis, which 
constitutes weak evidence, at best, for different systems. Third, and more telling, 
some have found stochastic independence between tests believed to tap the same 
system (Witherspoon & Moscovitch, 1989; Hayman & Tulving, 1989b). Hayman and 
Tulving (1989b) found stochastic independence between two tasks that tested the 
same presented word (e.g., assassin) with different fragments (a - - a - i n  ver- 
sus - s s - s s - -). Hayman and Tulving did not view the stochastic independence 
between two versions of the same implicit test as undermining the idea that the test 
taps a separate system. Instead, they argued that stochastic independence in this case 
reflects “an adjustment of specific procedures within a traceless QM [quasi-memory] 
system” (p. 953). We conclude that although stochastic independence between tests 
may be of interest for other reasons, it is not decisive in distinguishing separate 
memory systems, because it can occur between two tests tapping the same system or 
two tests tapping different systems. 

For all these reasons, the straightforward measures of stochastic independence in 
which one obtains a single measure of correlation between performance on two tests 
seems unlikely to provide strong evidence. Even Hayman and Tulving (1989a) have 
recently concluded that “Mere observation of stochastic independence, in and of 
itself, is not noteworthy” (p. 235). 

Hayman and Tulving (1989a, b) have suggested a new method-the method of 
triangulation-involving a comparison of performance on three tests, as a way 
around the above-mentioned problems. Perhaps this new technique will withstand 
the scrutiny that has evaporated interest in the simple finding of stochastic indepen- 
dence, but this conjecture must await further research with a variety of implicit and 
explicit tests. At the present, evidence from experiments examining simple stochastic 
independence provides little support for the original proposals of distinct memory 
systems. 

FUNCTIONAL INCOMPATIBILITY 

Sherry and Schacter (1987) give considerable weight to the criterion of functional 
incompatibility between memory systems. By functional incompatibility they require 
“. . .memory systems to be specialized to such a degree that the functional problems 
each system handles cannot be handled by another system” (p. 439). They suggest 
that “distinct memory systems evolve only when there is functional incompatibility 
between the properties of an existing system and the demands posed by a novel 
environmental problem. Therefore, we would be hesitant to postulate a new memory 
system to accommodate a particular experimental finding or pattern of findings 
unless a good case can be made that the proposed system performs a function that 
cannot be performed by another memory system” (p. 449). Fair enough, but it is not 
clear to us how one establishes functional incompatibility. Are there empirical tests? 
Is the finding of functional dissociation in a number of tests tapping each system 
required? What further requirements must be met? 

Sherry and Schacter (1987) detail a case for distinct memory systems having 
evolved in some birds, in particular a memory system for songs and another for 
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retaining spatial locations needed to find where food has been hidden. For example, 
song learning shows restrictions on the types of songs different species can learn, a 
restricted period during which learning occurs, a separation in time between learning 
and performance, and distinct neural structures involved. Recovering food caches 
does not show these same properties, which would in some cases (such as having a 
sensitive period) be maladaptive. The memory involved in recovering food seems to 
be of a different kind, one that is probably a more general learning and memory 
mechanism (Sherry & Schacter, 1987, p. 446). 

Sherry and Schacter (1987) also make a case for functional incompatibility in 
humans between what they call memory Systems I and 11. According to TABLE 1 
above, memory System I would be equivalent to procedural, implicit, or associative 
memory, whereas System I1 would be equivalent to episodic, explicit, or event 
memory. They argue that procedural memory, System I, is characterized by incremen- 
tal habit formation in which particular experiences play little role in memory for 
unique episodes. Recollection of particular events is the critical function of System 
11. 

Although we are unencumbered by a detailed knowledge of the relevant litera- 
ture, we find the evidence for separate memory systems in birds convincing, based as 
it is on multiple task dissociations. But the arguments for distinct systems in humans 
seems less compelling, for reasons already described. Also, the different features 
required by theory are easily contested, such as the alleged incremental learning in 
the procedural system. In particular, many tasks classified as procedural show a large 
effect from single episodes, as do virtually all priming tasks (e.g., Jacoby, 1988). 
Similarly, some theories of what appears to be gradual skill acquisition postulate that 
skills are actually based on remembering many individual episodes (Logan, 1988). 
No sharp distinction based on the greater or lesser impact of single events on one 
system than on the other seems warranted. The pattern of converging dissociations 
via multiple tests is also lacking in humans, as detailed above. 

Functional incompatibility may turn out to be a prime criterion for distinguishing 
among different human memory systems, but the mechanism for deciding when 
functional incompatibility exists must be made more specific, as Sherry and Schacter 
argue (1987, pp. 449450). Indeed, at the moment we see little reason to postulate 
functional incompatibility for most dissociations in human memory. Single episodes 
can have great effects on performance in tests believed to tap each system. In 
addition, similar principles also seem to operate, at least at a general level. For 
example, a match between procedures involved in learning and testing (as embodied 
in the encoding specificity and transfer appropriate processing ideas) enhances 
performance (relative to mismatches at study and test) on all memory tasks with 
which we are familiar. In the next section we turn to an alternative account of many 
dissociations that embodies these ideas. 

AN ALTERNATIVE VIEWPOINT 

The description of mind in terms of numerous autonomous systems and modules 
pervades contemporary treatments of cognition, especially those with a neuropsycho- 
logical orientation. And, in some sense, there can be no challenge to the theories on 
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their own grounds, as long as the primary evidence used is the dissociation paradigm. 
Dissociations exist, and if one assumes that this fact implicates different modules or 
systems, then the task before us is to discover new dissociations between tasks, pin 
down more modules or systems, and achieve a theoretical arrangement of them that 
makes some sense of the evidence. 

A different approach to explaining dissociations has been advocated by others. 
Kolers (1978; Kolers & Roediger, 1984), Jacoby (1983, 1988), Moscovitch (1984, 
Moscovitch, Winocur & McLachlan, 1986) and Roediger (1984, Roediger et al., 
1989) have all argued for a functional approach in which dissociations between 
different memory tests are seen as an instantiation of encoding-retrieval interactions 
that occur frequently in cognitive psychology. Here we provide the general idea of 
this view, but refer the reader to the above references for details. 

The main idea is that dissociations between tests are instantiations of the 
principle of transfer-appropriate processing (Morris, Bransford & Franks, 1977): 
performance on a memory test benefits to the extent that the encoding operations 
during study match those required by the test. In one version of this approach 
(Jacoby, 1983; Roediger et al., 1989), some tests are more perceptually based 
(data-driven) because they benefit considerably from similar perceptual processing 
at study. For example, study of a visually presented word (elephant) produces greater 
priming on word-fragment completion (e - - p - - n t) or perceptual identification 
(naming the word from a brief Rash) than does prior auditory or pictorial presenta- 
tion of the same concept. Other tests are conceptually based and benefit from 
conceptual elaboration at study and are little affected by changes in perceptual 
features of studied material. For example, modality of presentation has little effect 
on long-term explicit memory tests such as recognition or recall, and study of pictures 
produces greater retention than does study of words on such tests, presumably 
bccause of conceptual elaboration. These ideas guided Blaxton’s (1989) work 
described above. 

These relatively straightforward assumptions account for many of the dissocia- 
tions taken as evidence for distinct memory systems (see Roediger & Blaxton, 1987; 
Roediger et al., 1989.) For example, the Jacoby and Dallas (1981) and Jacoby (1983) 
experiments described earlier, in which study manipulations were shown to have 
great effects on recognition memory tests and either no effect or opposite effects on 
primed perceptual identification tests, are accounted for more gracefully by this 
functional processing view. Similarly, Blaxton’s (1989) experiments, which show 
dissociations between tests believed to tap the same system, can also be more easily 
interpreted in light of the transfer-appropriate processing framework. Srinivas and 
Roediger (1990) provide similar evidence with other implicit tasks (anagram solu- 
tion, free associating to category names) in comparison to word fragment comple- 
tion. 

Dissociations between tests tapping the same memory system were considered 
problematic for theories favoring multiple memory systems and as evidence favoring 
the transfer appropriate processing viewpoint, which had predicted the dissociations 
(e.g., Blaxton, 1989; Roediger & Blaxton, 1987; Roediger et al., 1989b). However, 
Schacter (this volume) suggests a resolution of this conflicting evidence in terms of 
the memory systems framework (see also Tulving & Schacter, 1990). Briefly, on the 
basis of neuropsychological evidence, Schacter proposes a new memory system, the 
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perceptual representation system, which supports priming on data-driven implicit 
memory tests. This system is used to help resolve fragmentary features into percep- 
tual units. The perceptual representation system is seen to have at least two 
subsystems, the word form system for verbal material and the structural description 
system for objects and pictures. These subsystems account for the fact that priming 
from words and pictures can be dissociated (Weldon & Roediger, 1987). In addition, 
Schacter (this volume) and Tulving and Schacter (1990) propose another semantic 
priming system to account for priming on tasks such as answering general knowledge 
questions and associating to category names. Thus, this new proposal can account for 
dissociations between data-driven and conceptually driven tests reported by Blaxton 
(1989) and Srinivas and Roediger (1990). 

Schacter’s (this volume) proposal is very interesting, as are his new neuropsycho- 
logical data. However, we worry about the proliferating number of memory systems 
(or knowledge modules), recently counted at some 20 or so (Roediger, 1990). 
Whereas a few years ago priming was seen as a manifestation of a general semantic 
(Tulving, 1983) or procedural (Squire, 1986) memory system, now three separate 
systems are proposed to account for priming phenomena. Although parsimony is not 
a pristine scientific virtue and must be abandoned when the data demand it, we 
wonder if that point has been reached yet. Are the new systems functionally 
incompatible with one another? Is there other converging evidence? 

Some years ago, in discussing another theorist’s proposal, Tulving and Bower 
(1974) commented that “it has not yet been made clear by anyone how the task of 
explaining memory phenomena is materially aided by the hypothesized existence of 
different memory stores and systems” (p. 273). We have still not seen a satisfactory 
answer to this implied query. In general, the procedural or processing framework 
argues that the finding of functional dissociation does not require postulation of 
special systems. Kolers and Roediger (1984) argued that, “in our view it is not 
dissociation that needs to be explained, for that is the natural state of affairs; it is the 
characteristics of tasks-and relations among their underlying procedures-that 
needs explaining” (p. 439). 

The primary deficiency of the transfer-appropriate processing approach is in 
accounting for data from brain-damaged patients classified as amnesics. According 
to the systems theorists, the amnesia is due to the loss of a memory system that 
supports conscious awareness of past episodes. However, processing theorists also 
have attempted to account for the role of conscious awareness in guiding remember- 
ing and other performances. For example Jacoby and Witherspoon (1982) contrast 
the processes of intentional and incidental retrieval. Amnesics are hypothesized to 
lack the former ability, but not the latter. In a related vein, Jacoby, Kelley, and 
Dywan (1989) describe an attribution view of memory that explains dissociations 
obtained with amnesic patients. Jacoby et al. suggest that the subjective experience of 
remembering is mediated by the same transfer effects as those observed on implicit 
measures of memory; remembering depends on detecting very specific transfer 
effects, and learning to attribute them to the past. Amnesics presumably lack the 
ability to attribute these effects to the past. 

These statements about consciousness (and others; e.g., Kolers & Roediger, 
1984, pp. 439-440) are admittedly vague and somewhat unsatisfactory, but we doubt 
that they are any worse than other proposals defining (one type of) consciousness as 
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part of an episodic memory system (Tulving, 1985b) that is damaged in amnesics, or 
arguing that consciousness itself is a module that can be disconnected from knowl- 
edge in other modules (Schacter, 1989). None of these statements is particularly 
illuminating. Although the nature of consciousness has occupied philosophers and 
psychologists for hundreds of years, a satisfactory treatment remains elusive. None- 
theless, we do not see this issue as uniquely problematic for a procedural or 
processing approach. 

Jacoby (1988) has pointed out how the modern controversy about memory 
systems and memory processes is replaying, to some extent, the debate between 
structuralists and functionalists of 60 or so years ago. Some theorists assume that 
appropriate explanations posit numerous structures and modules in the brain (or the 
mind), each doing its little job. Presumably, some grand executive module is 
coordinating the teeming slave modules (Schacter, 1989). On the other hand, the 
functionalists ask about task requirements, the processing activities and goals of the 
learner, and seek broad explanations. In general, the functional approach endeavors 
to sift the bewildering variety of behavior and to seek parsimonious general princi- 
ples that might underlie it. In our opinion, transfer-appropriate processing is one 
such law or principle that has been repeatedly “discovered” since the functionalists’ 
time and, despite its fairly general status, provides specific accounts for many 
dissociations in performance when amplified with additional assumptions. 

SUMMARY 

We have examined four criteria commonly used to distinguish separate memory 
systems: functional dissociation, independent neural systems, stochastic indepen- 
dence, and functional incompatibility. Current evidence fails to jointly satisfy these 
criteria in establishing independent systems, at least by our assessment. However, 
the proposed criteria are not all weighted equally in the literature. Certainly 
dissociation experiments, especially of neuropsychological patients, are weighted 
strongly in most formulations relative to the other three criteria. If all four criteria 
are considered equally important, as they should be in our opinion, evidence for the 
putative systems is much less clear-cut at this point, as indicated in our review. 
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DISCUSSION 

[Editor’s note: The question preceding Roediger’s response was not recorded.] 
H. L. ROEDIGER (Rice University, Houston, TX):  I think it is clear-the evidence 

is just overpowering-that there is a hippocampal system (with associated structures) 
that has a powerful effect on some form of memory. There is no doubt; we have seen 
too many examples in the animal work and in the amnesic data, too. However, I think 
what we have seen throughout this conference, but especially today, is that our 
understanding of the differences between forms of memory does not map very well 
on to any of the psychological terms that have been used to  describe them. The 
declarative-procedural distinction (which is what Larry Squire originally chose and 
probably now somewhat regrets) does not work very well. As Stuart [Zola-Morgan] 
mentioned, Squire has already changed his terms and the “procedural” category is 
now simply called “non-declarative” and includes all sort of things. 

The original distinction came out of the philosopher Gilbert Ryle’s writings, 
especially his book The Concept ofMind (1949).d It is a time-honored philosophical 
distinction, with the basic idea being to distinguish between knowing how and 
knowing that. Procedural knowing, the classic examples being ice skating, tying 
shoelaces, or bicycle riding, are things we know how to do, but the operations used 
resist description. For example, in learning new dances the other night, we had the 
teacher giving verbal (declarative) instructions and watching us clunkily horse 

d R ~ ~ ~ ,  G. 1949. The Concept of Mind. Barnes and Noble. New York. 
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around out there, because those instructions didn’t guide our motor procedures very 
well. We learned more from watching others and trying out steps than from listening 
to the instructor. 

I think there is something to the “knowing how-knowing that” distinction at 
some level, and it is not clear that you knock out the latter system with a hippocam- 
pectomy and not the former. But what is so procedural about perceptual priming? 
And aren’t there procedures involved in all declarations-in speaking and writing? 
The thrust of Paul Kolers’ recent work is that all our knowledge is suffused with the 
means, or procedures, through which it was acquired. To use his phrase, the 
procedural means of acquisition become “part and parcel” of the knowledge and so 
declarative and procedural knowing cannot be cleanly separated.e 

In short, the declarative/procedural distinction has not, in my opinion, served us 
very well as a guide to different memory systems that are honored in the brain. We 
have evidence for a “hippocampally mediated system” (maybe we should call it the 
HM system for this and other reasons) and “everything else.” This latter category 
may contain dozens of different forms of learning. Maybe others could suggest 
appropriate terms here. 

J. MANDLER (University of California, San Diego, CA):  Let me just add one more 
distinction. I mentioned this yesterday, but 1’11 speak now with my developmental hat 
on. The names that I gave that distinction are, in fact, extremely familiar to 
developmental psychologists, namely sensorimotor versus representational or concep- 
tual. In my talk I was trying to say that I do not think the representational or 
conceptual system just grows out of the sensorimotor system. The conceptual system 
probably begins much earlier than “one first, then the other” would suggest; and the 
two systems probably develop somewhat concurrently. Nonetheless, we find a lot of 
sensorimotor functioning which could be called procedural or non-declarative earlier 
than we tend to find conceptual, declarative, or representational functioning. So, the 
distinction has been there in developmental psychology for a long, long time, it has 
just been stated in a slightly different way. 

S. CRAIT (Washington University, St. Louis, M O ) :  Is there any evidence about 
priming of new stimuli in amnesics? 

ROEDIGER: I am glad you asked me that, because I think Dan Schacter will be 
speaking about the evidence in the next talk. But briefly, let me tell you that there is 
some controversy. For example, if you present certain types of patients with 
nonwords, presumably ones that they haven’t seen before, then ask them to identify 
those items later, certain types of patients do not show priming in paradigms such as 
perceptual identification. This argues that priming only occurs for intact units of 
knowledge. On the other hand, though, Dan Schacter has shown that if patients are 
given new experiences in the form of meaningless paired associates (e.g., window- 
reason) that are to be used in constructing a meaningful sentence, a form of intact 
priming can be found. But there have been some problems with this finding, so the 
issue is not entirely clear. 

e K ~ ~ ~ ~ ~ ,  P. A. 1978. On the representations of experience. In Language Interpretation and 

KOLERS, P. A. & H. L. ROEDIGER. 1984. Procedures of mind. Journal of Verbal Learning and 
Communication. D. Gerver & W. Sinaiko, Eds. Plenum. New York. 

Verbal Behavior 23: 425449. 
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D. SCHACTER (University ofArizona, Tucson, A Z ) :  With respect to novel stimuli (I 
don’t know whether Art [Shimamura] would agree), there is now some reasonable 
evidence on non-words, some recently from people like Barry Gordon using the 
lexical decision task, where people decide whether a letter string constitutes a word 
or a nonwordf But there are some methodological issues associated with this study. 
Laird Cermak (1988a) with a non-Korsakoff patient, very severely amnesic, did show 
perceptual identification priming with non-words6 Korsakoffs didn’t show this 
priming, which may have to do with their being Korsakoffs and having numerous 
problems besides amnesia. John Gabrielli (in press) has some recent findings with 
HM showing priming of novel dot patterns (HM being one of the classic hippocampal 
amnesic patients), again emphasizing the importance of the perceptual cornponenth 
Finally, the task involving word completion priming following study of unrelated 
paired associates that Peter Graf and I used in our original paper and in others since 
(1985; Schacter & Graf, 1986), has basically shown mixed results.’ When we have 
looked at amnesic patients, some relatively mild patients show it, but Art Shimamura 
and Larry Squire didn’t find it in Korsakoffsi Laird Cermak didn’t find it in 
Korsakoffs either, but he did find it in a severely amnesic encephalitic patient.k Art 
and Larry’s data with the anoxic patients is sort of half-empty, half-full, as is some of 
ours, in the sense that there is some evidence of associative priming, but it is not 
normal. Remember, the task involves the requirement for some semantic or elabora- 
tive study processing and that may be a reason why it’s sort of a mixed picture. 

ROEDIGER: I should mention that one reason all this work is of such interest (as 
Jean Mandler noted yesterday) is that George Mandler (e.g., 1988) has proposed 
another distinction between activation of concepts already existing in the cognitive 
system and the elaboration of their meaning! Activation is proposed as necessary to 
produce priming, and so the whole question of whether or not priming occurs for 
novel stimuli becomes an important piece of evidence relevant to the theory. Novel 
stimuli can’t be “activated” if they have never been seen before, and so priming of 
new stimuli is important as a test of the activation view. But the results are somewhat 
inconclusive, as Dan [Schacter] mentioned. 

~GORDON, B. 1988. Preserved learning of novel information in amnesia: Evidence for 
multiple memory systems. Brain and Cognition 7: 257-282. 

~CERMAK, L. S., M. BLACKFORD & R. P. BLEICH. 1988a. The implicit memory ability of a 
patient with amnesia due to encephalitis. Brain & Cognition 7: 312-323. 

CERMAK, L. S., R. P. BLEICH & S. P. BLACKFORD. 1988b. Deficits in the implicit retention of 
new associations in alcoholic Korsakoff patients. Brain & Cognition 7: 145-156. 

~GABRIELLI ,  J., W. MILBERG, M. M. KEANE & S. CORKIN. Intact priming of patterns despite 
impaired memory. Neuropsychologia, in press. 

‘SCHACTER, D. L. & P. GRAF. 1986. Preserved learning in amnesic patients: Perspectives from 
research on direct priming. Journal of Clinical and Experimental Neuropsychology 8: 727-743. 

JSHIMAMURA, A. & L. SQUIRE. 1989. Impaired priming of new associations in amnesia. 
Journal of Experimental Psychology: Learning, Memory, and Cognition 15: 721-728. 

~ E R M A K ,  L. S., R. P. BLEICH & S. P. BLACKFORD. 1988b. Deficits in the implicit retention of 
new associations in alcoholic Korsakoff patients. Brain and Cognition 7: 145-156. 

~MANDLER, G. 1988. Memory: Conscious and unconscious. In Memory: Interdisciplinary 
Approaches. P. R. Solomon, G. R. Goethals, C. M. Kelley & B. R. Stephens, Eds.: 84-106. 
Springer-Verlag. New York. 
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A. SHIMAMURA (University of California, Berkeley, CA):  In terms of the issue of 
priming of novel stimuli, there is controversy here. At least in our hands we have not 
found entirely normal priming of novel associations in amnesic patients. I think that 
one probable point with this half-empty, half-full issue is that we use more stringent 
criteria than Dan [Schacter]. Amnesic patients have to have entirely normal perfor- 
mance just as they do in word fragment completion experiments, in which baseline 
levels and the priming above baseline look exactly the same in patients and control 
subjects. We don’t see entirely preserved performance on priming tests of novel 
stimuli, and most of the extant data suggests that there is something half-full there 
or, in our view, half-impaired. 

N. Fox (University of Malyland, College Park, MD):  Roddy, because you were an 
infant, have children, and are an expert on the hippocampus, I have the following 

TABLE 3. 

Memory with awareness 
Conscious memory 
Explicit memory 
Declarative memory 
Memories 
Knowing that 
Episodic memory 
Mental representation 
Symbolic representation 
Conceptually driven processing 
Elaboration of the meaning 

of known information 
Acquisition of new information 
Late developing 
Semantic 
Memories 
Cognitive 
Impaired in amnesia 

Memory without awareness 
Unconscious memory 
Implicit memory 
Procedural memory 
Habits 
Knowing how 
Semantic memory 
Sensorimotor action schemes 
Enactive representation 
Data driven processing 
Activation of known information 

Activation of known information 
Early developing 
Nonsemantic 
Skills 
Associative 
Spared in amnesia 

Jacoby 
Schacter 
Squire & Cohen 
Mishkin 
Ryle 
Tulving 
Piaget 
Bruner 
Jacoby; Roediger 
G. Mandler 

Rozin 
Moscovitch; Mishkin 
Schacter 

NOTE: This table was generated on the blackboard during the course of the discussion as people 
wrote down names that have been used to try to capture a similar distinction in memory 
processes. 

question that I would like to ask.m You presented some data and there are going to be 
other data on adult amnesics and we have seen data on infants’ increasing ability to 
perform the right-hand side of TABLE 3. My question is, do you have any thoughts 
about what we talk about in the developmental literature as infantile amnesia, which 
exists even though the hippocampus has developed and the children are supposedly 
performing these declarative-explicit memory tasks, there is still quite a bit of 
amnesia into the adolescent-adult period. 

mEditor’s note: Roediger introduced his talk by saying what he was not trained in either 
developmental psychology or neuroscience, but (a) had been a child, (b) had children, and (c) 
once cut up a sheep’s brain as an undergraduate in a physiological psychology course. 



ROEDICER et al.: CRITERIA FOR MEMORY SYSTEMS 593 

ROEDIGER: No, I can’t say anything concrete about that. However, one thing we 
were discussing last night, especially given Carolyn Rovee-Collier’s examples of 
these reactivation treatments, is a phenomenon I think we have all noticed in our 
own young children. This is their ability, as they repeat stories over and over (about 
vacations or whatever else) not only to give back the old facts, but even to come up 
with new accurate memories about their experiences. It is sort of like reactivation, as 
in Carolyn’s condition in which part of a memory is reactivated and it triggers the 
full-blown experience. It would be interesting to test children for this “hypermnesia” 
over the long term. Maybe it’s nothing, but maybe these repeated retellings would 
reduce infantile (or at least childhood) amnesia. As far as physiological underpin- 
nings, I don’t know the work on that. 

A. DIAMOND (University of Pennsylvania, Philadelphia, PA): I would like to add a 
technical clarification because I think it needs to keep being re-emphasized, which is 
that Nathan [Fox’s] wording implied that the hippocampus has fully matured by the 
end of the first year or two of life. As several of us have emphasized, even if there is 
evidence of maturational changes in the hippocampus early in life, we are almost 
certain that the hippocampus is not fully mature at this point just as we are almost 
certain that frontal cortex is not fully mature at this point. The argument is about 
relative maturation and about how much is happening when, but there is pretty much 
unanimous agreement that the hippocampus is not fully mature at 12 months and 
that frontal cortex is not fully mature at 12 months. However, at least in primates, the 
hippocampus is more mature than frontal cortex at birth, matures faster during the 
early years of life, and reaches full maturity at a younger age than does frontal cortex. 

Fox: But there is pretty much unanimous agreement that infants can perform 
tasks requiring the abilities listed on the right side of TABLE 3 by 12 months of age, 
and that memories (left side of TABLE 3), at least typical adult memories, are not 
demonstrated much before the age of 3 years. 

MANDLER: That is what I wanted to speak to. We now know that there is 
long-term memory (if you’re willing to take deferred imitation as indicating recall, 
which was Piaget’s criterion), that there is recall memory, over quite a long period 
during infancy. Then, if you go to verbal data, and we only have it from 2 to 4% years, 
you find exactly what Roddy was speaking about. Young children will get some 
information at 2 years of age; if you test them a year-and-a-half later about their 
memory of this event that they recalled from their past at 2 they will get out more 
remembered information, and they will get out somewhat different things. Now we 
don’t know for sure whether this comes from the fact that the children have learned 
the conventional aspects of what you say when you recall at 4, and they didn’t know 
very much about that at 2.  Some of it may be that. But nevertheless, with the current 
state of evidence, at 4 years children remember things that happened back in infancy. 
So we have got a much more ambiguous situation about the phenomenon of 
childhood amnesia than we had previously thought. The fact that we no longer get 
memories from age 2 or earlier at adolescence is really a very ambiguous phenome- 
non, but it probably does not have to do with anything fundamental about hippocam- 
pal development because the memories are there. The problem is getting at them 
(retrieval). 

R. CLIFTON (University of Musmchusetfs, Amherst, UA): Don’t you think, espe- 
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cially in light of Carolyn Rovee-Collier’s talk and the importance of context, it is 
really hard to put a 2-year-old back into the exact same context? 

Fox: Right, but that is always the problem. You can’t reinstate the context in 
which the memories were first formed. 

CLIFTON: What if you do?n 
ROEDIGER: How do you decide whether something is implicit or explicit for 

infants? I think we have got reasonable criteria for adults. Applying those to infants 
is very difficult, but one possible strategy might be to manipulate the events during 
learning. The usual procedure in infant studies seems to be for the babies to look at 
something and then get tested on it later. A better procedure might be to manipulate 
study conditions more routinely. Here is why I say that: One finding that has shown 
up in the adult literature with implicit and explicit memory tests is that a simple 
variable like repetition, which has profound effects on explicit tests, often has little or 
no effect on these perceptual implicit tests. For example, if a subject sees a word once 
versus twice, about as much perceptual priming is obtained in the two cases. But this 
manipulation produces huge effects on explicit tests. So, one way of trying to get at 
the implicit/explicit issue is to try to find variables that can be manipulated with 
infants, but I imagine it is very difficult technically. Number of exposures might be 
one such variable, and one might be able to look at its effects in the delayed 
non-matching to sample task with trial unique stimuli and other tests. 

J. WERKER (University of British Columbia, Vancouver, B.C.): I would like to 
clarify that. The implication from that is that if we show something once and we get 
an effect it is not necessarily explicit. 

ROEDIGER: Oh, no I am not saying that at all. I’m saying if you expose a stimulus 
once versus several times, and multiple exposures have no effect on performance on 
some tests, then at least by analogy to the adult findings, the test is more likely 
implicit rather than explicit. One exposure can have an effect on explicit memory, but 
two exposures should have a greater effect. It is very rare for this not to be the case. 
One of the best established principles in human learning and memory for adults, 
from Ebbinghaus on down, is that number of repetitions has powerful effects on 
virtually all explicit memory tests.O That is why I find it so amazing that on these 
perceptual implicit memory tests when subjects see a word once, you get (say) 30% 
priming, and when you show it another time you get so little additional learning 
(maybe 1 or 2%, but no measurable appreciation). Jacoby and Dallas (1981) first 
noted this? but I have obtained similar results and so have others. Repetition may 
have a slight effect on these perceptual implicit memory tests, but these are tiny when 
compared to the large effects on explicit tests. 

J. FAGAN (Case Western Reserve University, Cleveland, OH): I went over this task 
in my talk but didn’t have much time; there are a number of factors that you can 

“Editor’s note: See: MYERS, N., R. CLIFTON & M. CLARKSON. 1987. When they were very 
young: Almost-threes remember two years ago. Infant Behavior and Development 10 123-132. 
Also, PERRIS, E., N. MYERS & R CLIFTON. Long-term memory for a single infancy experience. 
Child Development, in press. 

OEBBINGHAUS, H. 1964. Memory: A Contribution to Experimental Psychology. Dover. New 
York. (Originally published 1885; translated 1913.) 

~JACOBY, L. L. & M. DALLAS. 1981. On the relationship between autobiographical memory 
and perceptual learning. Journal of Experimental Psychology: General 110 306-340. 
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manipulate during study to change the infant’s recognition of a target. We looked at 
whether there was one stimulus during study or whether there was one on either side, 
whether showing a stimulus once, twice, or ten times makes a difference, and (as I 
showed a little earlier in one of my slides) whether you direct infants’ attention 
during encoding to the overt form of the stimulus or not makes a difference. There 
are various studies on the effect of whether the context in which a stimulus is studied 
is the same or different from the context in which it is recalled, which are a lot like the 
adult studies. [For a complete discussion of context effects and, in general, of the 
similarities between infants and adults in response to variables that influence 
memory see Fagan (1984).q] 

ROEDIGER: All of those make me think again of Carolyn Rovee-Collier’s work 
where it appears that she gets bigger context effects in infants than are found in 
adults, but most of the effects in adults are in things like free recall, an explicit test. 

FAGAN: Again, if you test infant recognition over a series of items you can get a 
serial-position effect, you get primacy-recency effects with labile recency effects; you 
get massed versus spaced effects; you get a number of effects with infant recognition 
that you get with adult free recall. 

C. ROVEE-COLLIER (Rutger’s Universiq, New Brunswick, NJ): There is some work 
that is related that we have done. At 2 months of age (8 weeks ? 3 days), after they 
are not performing above baseline for 3 days, if you give them the same amount of 
study time but you put it into three separate sessions (so you’re not giving them 
additional training, you’re just giving them additional exposures-it’s distributive 
training) they remember without any cue, without any prime, for 2 weeks, and that’s 
longer than a 3-month-old remembers, so this is a fairly strong phenomenon! 

  FAG AN, J. F. 1984. Infant memory: History, current trends, relation to cognitive psychology. 
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