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ABSTRACT

The work that follows is concerned with dissociations
between explicit and implicit memory and the effects of
age. Incorporating ideas from a framework combining' both
systems and processing accounts of memory functioning
(Tulving and Schacter, 1990), this thesis seeks to
discover how conscious awareness influences these
dissociations. Furthermore, it is proposed to extend
previous work that has shown the relatively preserved
implicit memory of older adults, with particular reference
to the classification of tasks according to whether their
major components are conceptually or data driven.

The experiments can be divided into three main groups.

The two studies in the first experimental chapter confirm
and extend previous findings of an age equivalence for the
perceptual task of word stem completion priming to anagram
solution.

Chapter 4 contains three experiments that showed the
appearance and disappearance of the read superiority
effect according to whether or not word stem completion
was presented as an embedded task. Post hoc questioning
of "test awareness" was appl ied in the third study
(Schacter, Bowers and Booker , 1990) .

In the final experimental chapter, the first of two
experiments showed little effect of age on the conceptual

task of word association priming. Experiment 7 measured
conscious awareness 1in explicit and implicit tests using
Tulving’s (1985b) "Remember" and "Know" responses, and

indicated that age differences in cued recall corresponded
with differences in the components of conscious awareness.
This method was considered more satisfactory than that of

Schacter and his colleagues.

Chapter 6 summarizes the principle findings, and their
implications for theory and future research are discussed.



CHAPTER 1

EXPLICIT AND IMPLICIT MEMORY
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Introduction

The studies that follow set out to investigate the
dissociations between explicit and implicit memory

tests, and seek to discover what i1s inherent in implicit
memory tasks that affords the phenomenon of a relatively
preserved capacity with age. Section 1.2 of this chapter
introduces the concepts of explicit and implicit memory,
describing priming studies with young adults, while
Section 1.3 describes priming studies with amnesic
patients. The next section discusses task
classification, following the work of Roedig'er, Weldon
and Challis (1989) who sought to classify tasks according
to their data or conceptually driven components.

Section 1.5 considers the systems and processing accounts
of memory (see e.g. Cohen, 1987; Tulving, 1985; Jacoby,
1983; Roediger et al, 1989) including an integration of
the two, as suggested by Hayman and Tulving (1989a and b)
and expanded upon by Tulving and Schacter (1990). This
latter account is an eminently suitable theoretical
background from which to explain the dissociations
between explicit and implicit memory found in normal,
amnesic and elderly subjects, Tulving and Schacter’s
(1990) combined approach is applied throughout this
thesis that extends the work of previous studies with
amnesic patients and the elderly, with particular
reference to the classification of tests and the problem

of conscious awareness.
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The idea of investigating awareness has come into being
largely due to the finding that amnesic patients have
been shown to perform many tests of implicit memory at a
similar level to that of normal control subjects. Since
normal elderly subjects have also tended to show less of
an impairment at this type of memory task (see section
2.2), the implication that a lack of awareness
accompanies this facility has been investigated. Thus
Section 1.6 introduces the ideas of Schacter, Bowers and
Booker (1990) who sought to discover the effects of test
awareness on tasks intended to be implicit, while the
last section of this chapter deals with memory and
consciousness as assessed by Tulving’s (1985b) "Remember"

and "Know" measures.

Chapter 2 involves three sections concerning research in
aging. The first part (2.1) covers functional
explanations of an age related decline in explicit
memory, while part 2.2 reviews the literature that deals
with explicit and implicit dissociations with age. The

third section (2.3) introduces the experimental chapters.
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1.2

Explicit and Implicit Memory Tests and Priming Effects

The multiplicity of memory tasks to be found in the
literature can be conveniently considered under two main
headings. There are the types of test that require
conscious recollection, tests in which one 1is explicitly
asked to refer back to a previous event or experience,
and those that do not. The terms "explicit" and
"implicit" were coined by Graf and Schacter (1985).
Explicit memory relates to the former kind of test,
examples of which are cued and free recall and
recognition. An implicit memory task, however, makes no
overt reference to a previous study occasion. It simply
requires subjects to carry out a particular task, the
completion of which shows a facilitation due to the
earlier study experience. Johnson and Hasher (1987)
used the terms "direct" and "indirect" to allude to the

same classifications.

Implicit memory tasks are growing in number and are quite
varied in type. Typical examples of tests used in the
verbal domain include word stem and word fragment
completion, perceptual identification and the generation
of category exemplars. In order to describe these kinds
of test, and to explain how they indicate the effects of
priming - the aforementioned facilitation due to prior
exposure to the study list, it is proposed to illustrate

each test with an example from the literature.
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Greene (1986) gave subjects a set of words to study.
Word stem completion involved a set of word stems to be
completed, half of which were the beginnings of words
seen at study. Subjects were to complete each stem with
the first word that came to mind that began with those
three letters. Stems on the test list that had not been
presented at study, acted as a baseline against which

priming could be measured.

Tulving, Schacter and Stark (1982) used a word fragment
completion task in which subjects were given a set of
fragmented or partial word cues such as -E-D-L-M
(Pendulum), half of which referred to study items.
Earlier seen items were found to be easier to complete

than unseen items.

Jacoby (1983) tested perceptual identification by asking
subjects to identify briefly presented words, with the
expectation that more accurate responses would occur for

items that had been seen at study.

Graf, Shimamura and Squire (1985, Expt. 2) had subjects
study words which were exemplars of particular target
categories. The priming task involved word production.
Subjects were told they would be given category labels,
and they were required to respond with eight exemplars
from each category. Some of the category labels were not
those of the study phase and these constituted a baseline

against which priming could be measured.

14



These types of tests, along with others that will be
referred to later in these first two chapters when other
work 1is described, have been used as implicit memory
measures along with traditional explicit memory tests,
Section 1.3 describes priming studies that have involved

amnesic patients.
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1.3

Amnesic Studies and Priming

One of the fascinating differences between conventional
memory tests and implicit tests, is that some subject
groups who are considered to be impaired at the former
type of test, show a "preserved ability" for the latter,
that 1is, they perform at a level similar to that of

normal control subjects.

Twenty years ago, Warrington and Weiskrantz (1968,

1970) pointed out that amnesic patients are "not so
forgetful as was once thought". New retention tests that
required these subjects to identify words from partial
information such as degraded words and three letter
stems, showed their ability at these tasks to be
indistinguishable from that of normal control subjects,
despite the great difference that was found when free
recall and recognition were tested. The ability of these
amnesic patients at these tasks offering partial
information as cues, illustrated the fact that they had
consolidated the information, and suggested that other
traditionally used retrieval tests were insensitive to
this. Warrington and Weiskrantz (1974, 1978) later
reported consistently "normal" performance with amnesic
patients when word stems were used as cues, as did Graf,
Squire and Mandler (1984; Graf, Shimamura and Squire,
1985, Expt. 1). Jacoby and Witherspoon (1982) found that
amnesic patients performed similarly to normal controls

in a test involving the spelling of homophones. Thus
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patients who were asked at study to give an example of a
reed instrument, later spelled the homophone READ/REED
with the low frequency spelling. A recognition test
showed a difference in ability between the two sets of

subjects.

Shimamura and Squire (1984, Expt. 3) showed that amnesic
patients performed at a similar level to normal controls
in a word association test. Subjects were given an
incidental learning test which involved highly related
word pairs being assessed for relatedness. At test,
subjects were presented with the first word of the pair,
and were asked to say the first word that came to mind
related to the cue word. It was found that amnesic
patients performed at a similar level to control subjects

in this implicit word association task.

Jacoby and Witherspoon (1982) described this phenomenon
of amnesic patients’ ability to perform at a level
similar to normal controls on certain tasks, as a
dissociation between memory and awareness, and considered
the possibility of "passive processing”" (p.321) as an
early phase of many cognitive tasks. Similar findings of
normal priming in amnesia include the identification of
Gollin figures (Milner, Corkin and Tueber, 1968),

solution of the Tower of Hanoi problem (Cohen and Corkin,
1981), generating category instances (Graf, Shimamura and
Squire, 1985, Expt. 2) and making preference judgements

after exposure to unfamiliar melodies (Johnson, Kim and

17



Risse, 1985). The topic of awareness will be further
discussed in Section 1.5. The next section (1.4)
however, which deals with test classification, considers
the perceptual (data driven) or conceptual (conceptually

driven) components of explicit and implicit tests.
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1.4

Explicit and Implicit Memory Test Classification

An interesting feature of explicit and implicit memory
tests is that variables that affect one type of test may
fail to affect the other, or affect it in a different
way. Thus for example, a levels of processing study
manipulation (Craik and Lockhart, 1972) as applied to a
test of explicit memory, usually affords superior
performance for semantically encoded material. Yet
implicit memory tests such as word stem completion (e.q.
Graf and Mandler, 1984) and perceptual identification
(e.g. Jacoby and Dallas, 1981) have tended to show little
sensitivity to this study manipulation. Similarly, the
manipulation of items read and generated at study usually
affords higher scores for generated material in tests of
explicit memory (Slamecka and Graf, 1978) yet the reverse
has been shown to occur when study items containing more
superficial and less contextual information are tested by
implicit and some explicit memory tests (Jacoby, 1983;
Blaxton, 1985, Expt. 1; Blaxton, 1989; Roediger and

Blaxton, 1987).

An explanation of the functional dissociations found
between explicit and implicit tests was suggested by
Roediger, Weldon and Challis (1989), who put forward four
basic assumptions to their interpretation. They
considered that memory tests are best benefited by a
match or overlap of study procedures, and that the two

types of test require different retrieval operations, or
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access to different types of information benefiting from
different types of processing at study. In addition,
they suggested that explicit tests tend to rely on
"conceptually driven" processing, the meaning of the
study material, while implicit tests rely more on the
matching of perceptual or "data driven" processing.
Roediger et al (1989) operationally defined the data
driven/conceptually driven distinction as follows: a data
driven test is one in which items read produce better
performance than those generated, while conceptually

driven tests produce the reverse of this effect.

Srinivas and Roediger (1990) sought to classify the tasks
of free associating to category names and solving
anagrams, according to their processing requirements.
They showed that the former task was classifiable as a
conceptually driven task since it behaved like free
recall and showed an effect of generation at study,
levels of processing and no effect of study modality.
However, they found that their anagram solution task was
difficult to classify absolutely as one requiring mainly
data driven processing, but suggested that its behaviour
was similar to a word fragment completion task when
levels of processing and modality were manipulated.
Experiment 2 in Chapter 3 of this thesis uses anagram
solution as an implicit test and investigates the task’s

processing components.
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Roediger et al (1989) suggested that although their
explanation of the functional dissociation between
explicit and implicit tests followed a processing
interpretation, the explanation was also fully consistent
with the idea that priming in implicit memory refers to
changes in "perceptual representation" or "semantic"
systems, while explicit recall or recognition reflects
operations in the episodic system. Section 1.5 that
follows, sets out to discuss theoretical explanations of
the explicit/implicit distinction, to include processing
accounts (e.g. Graf and Mandler, 1984; Jacoby, 1983;
Roediger et al, 1989), a systems approach (e.g. Cohen,
1981; 1984; Squire and Cohen, 1984; Tulving, 1985b) and a
combination of both systems and processing viewpoints
(e.g. Hayman and Tulving, 1989%a; 1989; Roediger, 1990;

Tulving and Schacter, 1990).
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1.5

Theoretical Explanations of the Explicit/Implicit

Distinction

For some time there have been two main competing theories
offering explanations for findings related to the
explicit/implicit memory distinction. These are the
memory "systems" viewpoints of Squire and Cohen (1984),
and Tulving (1985) and "processing" accounts of Graf and

Mandler (1984), Jacoby (1983) and Roediger et al (1989).

Cohen (1981, 1984), Squire (1982a) and Squire and Cohen
(1984) distinguished between "declarative" and
"procedural" memory systems, suggesting that declarative
memory 1is available to consciousness and involves both
memory for facts and events. Procedural memory on the
other hand, does not require conscious awareness and is
shown in tasks which utilize specific operations. Thus
knowing that an event took place and knowing how to carry
out a certain task illustrates the division between
knowledge and skills. Cohen (1987) noted that procedural
memory, which tends to be spared in amnesia and normal
aging, 1is not accessible to conscious recollection and is
thus evidenced only in performance. Other dual system
distinctions like those of Cohen and his colleagues have

included "taxon" wvs. "locale" (O’'Keefe and Nadel, 1978),

"semantic" vs. "cognitive mediation" (Warrington and
Weiskrantz, 1982), "automatic" wvs. "conscious
recollection" (Baddeley, 1982a), "skills" wvs. "conscious

22



recollection" (Moscovitch, 1982) and "habits" wvs.

"memories" (Mishkin, Malamut and Bachevalier, 1984).

Tulving (1983; 1985a) separated memory into three
systems. He proposed "procedural memory" to be the
lowest in a hierarchy of the three systems. This system
precedes "semantic" memory, with episodic memory at the
top of the hierarchy. Thus, as described above,
procedural memory can be described as knowing how to
carry out a previously learned task. Semantic memory
might refer to our knowledge that say, William the
Conqueror and 1066 go together. Episodic memory on the
other hand, refers to our ability to reflect upon
personally experienced events. Thus explicit memory
tasks reflect the use of episodic memory since they ask
the subject to refer back to the prior study episode,
while implicit tests can be said to be facilitated by
procedural, semantic, or even some other system which is

not yet known {Tulving, 1985a).

Graf and Mandler’s (1984) dual process theory describes
two ways of experiencing remembering. One involves
deliberate, conscious effort, and is reliant on the
elaboration of mental events and structures. The other
relates to automatic processing for which no deliberate
conscious effort is required. The "fast access"
automatic type of remembering can be illustrated by the
memory that "pops into mind" (Mandler, 1986). Mandler

referred to the task of word stem completion, suggesting
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that a presented word stem partially activates a schema.
This activation spreads to related components, thereby
allowing access to the missing component, by integrating
or strengthening the organization of components within
the schema. Recall and recognition, however, rely on
prior elaboration, that is, the establishment of a
relationship between the to-be-remembered item and other
existing mental events or concepts. This slower process
of deliberate retrieval lies opposite that of activation
and integration along a processing continuum. Mandler,
Harrison and Dorfman’s (1990) recent study on tests of
the dual process theory on word stem completion priming
and recognition, addressed the distinction between
implicit and explicit memory. Mandler and his colleagues
suggested that word stem completion priming is only
dependent upon activédtion/integration, while recognition
relies upon elaboration too. They further suggest that
activation/ integration can be produced by "any active

perceptual process" such as vowel counting.

Jacoby (1983) and Roediger et al (1989) have also
described memory as a unitary system involving different
methods of processing information. These authors
suggested that it is the match between processing at
study and test that is relevant. Roediger and his
colleagues call their approach a "simpler alternative" to
that of separate memory systems, suggesting that explicit
and implicit tests tap different retrieval operations
aided by different kinds of processing at study.

Explicit tests tend to rely on the conceptual meaning of

24



the studied items while implicit tests lean more on the
processing of corresponding surface features between
study and test. Jacoby (1983) distinguished between
methods involved in memorizing and reading as
conceptually and data driven processing, and these two
methods were considered by Roediger and Blaxton (1987)
to be at opposite ends of a processing continuum.
Conceptually driven processing refers to an item being
studied in a "top down" fashion, that is, with reference
to its concept or meaning, while data driven ("bottom
up") processing, relies on the use of the data alone,
with little attention directed to meaning. Thus for
example, Jacoby (1983), had subjects generate an antonym
to the word HOT, anticipating the use of conceptually
driven processing. However, reading the word COLD
presented alone, without its opposite connotation,
emphasized the study of the letters that formed the word,

the only data present.

Blaxton (1985, Expt. 1; 1989; Roediger and Blaxton, 1987)
varied study conditions between "no context", "context"
and "generate" using two sets of conceptually and data
driven tasks, one set of each being incorporated within
tests of explicit memory, the other in tests of implicit
memory. Thus, the data driven explicit task was a
graphemic cued recall test, while its implicit data
driven counterpart involved word fragment completion.

The conceptually driven explicit task was a free recall

test while the implicit one concerned general knowledge.
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While both conceptually driven tasks showed the greater
effect of items generated at study, the data driven tasks
reflected greater facilitation of the "no context" study
condition. These dissociations can be explained within a
transfer appropriate processing framework (Morris,
Bransford, Franks, 1977), a concept that can be described
as being rather like "encoding specificity" (Tulving,
1983) in that it refers to the match between relational
information at study and test. Transfer appropriate
processing, however, refers specifically to the match of

the procedures involved at study and test.

The most recent theoretical explanation of the explicit/
implicit memory distinction has been a combination of
both systems and processing views. Hayman and Tulving
(198%a and b) in their endeavour to explain priming
effects referred to Roediger et al’s (1989; see also
section 1.4) approach involving transfer appropriate
procedures and suggested that, although it could account
for many of the findings of priming studies, it did not
explain the dissociations between explicit and implicit
memory as found in amnesic patients. These authors
suggested that such patterns of performance reflected
different brain systems and could not be accounted for
adequately by the processes used at encoding and
retrieval. Thus they put forward the need for an
"integration of processing and systems approaches to

implicit memory" (p.33).
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Roediger (1990) also suggested combining the two
approaches, for the same reasons; that the transfer
appropriate procedures approach does not fit with amnesic
findings, whereas a multiple memory systems account does.
He referred to the work of Tulving and Schacter (1990)
who also suggested that the two approaches were not
incompatible. Tulving and Schacter (1990) said that
findings with amnesic patients and the elderly, work that
has shown a dissociation between explicit and implicit
memory performance with drugs, and that which has shown
the functional and stochastic independence of the two
types of task, reflects the use of an additional specific
memory system, a "perceptual representation system".

Thus subjects involved in a priming task adopt a
perceptual mode, while an explicit task calls for a
"memory mode of cognitive operation" (Tulving and
Schacter, 1990). In a priming task, details of study
items are matched up with items that are stored in the
perceptual representation system, explict memory tests
involve the match between cue information and information
that is stored in episodic memory. These authors further
suggest that access to primed information is
hyperspecific. Thus, being able to complete the fragment
"A--A--IN" (assassin) does not ensure that "-SS-SS--”"
will also be correctly completed. This implies, using
processing terminology, that specific data driven matches

are involved in this type of priming test.
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Tulving and Schacter also distinguished between
perceptual and conceptual priming, the latter using
semantic or conceptually driven processing operations.
They referred to this type of priming as "process
semantic learning" which is brought about by the
modification of, or addition to semantic memory by new
information. Thus Tulving and Schacter have proposed a
"systems" approach to memory that distinguishes between
episodic memory and perceptual and conceptual priming
systems, incorporating the idea of explicit and implicit
memory, 1in which matching processes within each system

help to achieve the retrieval of stored information.

The experimental chapters that follows (Chapters 3 to 5
inclusive) fit within this "combined" approach. While
study manipulations and the types of task used are
explained according to the processes involved at study
and test, they also fall within the framework of episodic
memory and perceptual representation systems, drawing
upon retrieval from semantic memory. Section 1.6
investigates how involuntary awareness of the
relationship between test material intended to be
implicit and the study phase, can affect the results of

such tests.
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1.6

Implicit Memory and Test Awareness

It was more than a hundred years ago that Ebbinghaus
(1885, 1913, 1964) noted the distinction between
voluntary memory as shown in recall and recognition, and
involuntary recollection which escapes introspection. In
order to capture the latter type of memory, he measured
the "savings" between the time taken initially to
memorize a set of items and the lesser time taken on a
second occasion. Rather more recently, Schacter, Bowers
and Booker (1990) discussed the nature of intentionality
in memory and awareness, 1in a chapter that investigated

the features of the explicit/implicit dichotomy.

Schacter et al (1990) referred to work by Graf and
Schacter (1985) which differentiated between explicit and
implicit memory according to whether or not conscious
recollection was involved. Schacter and his colleagues
suggested that the term "conscious recollection" is an
ambiguous one, since it relates not only to the
deliberate thinking back to the earlier study period, but
can also refer to the re-experiencing of an event (e.g.
Tulving, 1983, 1985b; see also section 1.7). They
pointed out that memory without conscious recollection in
an implicit test might refer to subjects’ unawareness

of the study episode, at test, but that not intentionally
thinking back to the study episode also fits in with this
terminology. In order to overcome this ambiguity, they

suggested that explicit and implicit memory should be
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described according to whether or not intentionality of
retrieval is required (see also Richardson-Klavehn and
Bjork, 1988). However, Schacter et al did point out a
problem that can arise in a test deemed to utilize
unintentional memory; perhaps a test cue might
inadvertently invoke conscious recollection of the
encoding period, and produce an "involuntary explicit

memory".

Schacter and his colleagues put forward five possible
outcomes of presenting subjects with word stems to be
completed in a test intended to be implicit. The first
example had subjects showing a priming effect but no
explicit recognition ability, while the second had
subjects showing the facilitation of the study period in
both types of test. Example three suggested that
subjects might become aware of the relationship between
study and test after having completed some of the word
stems, but nonetheless they continued to complete them as
instructed. In the fourth example, some of the subjects
had a recollective experience of the study event, but
they too continued as instructed, while in the fifth
example, the subjects that had the recollective
experience altered their method of stem completion by
intentionally reinstating study list material. In an
endeavour to overcome these problems, the authors devised
an empirical method of making the distinction between
explicit and implicit memory tests. Firstly, they

suggested that external cues should remain constant for
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both types of test, with only the instructions differing,
and secondly, a manipulation should be applied so that
performance might be affected on one type of task but not
the other. Any differences found should then be
attributable to the use of intentional/unintentional

processes.

Bowers and Schacter (1990) investigated test awareness in
implicit memory in a set of three experiments. Their
Experiment 1 buried a word stem completion test amongst
various other tests in an attempt to disguise the target
task, and to render fewer subjects aware of the
relationship between the test and the study experiences.
By varying levels of processing at study, and asking four
pertinent questions about subjects’ awareness after the
test phase, the authors were able to discover that only
those who said that they were aware of the study-test
relationship were subject to elevated semantic scores.
Thus it is implied that "aware" subjects behaved rather
like those in Schacter et al’s (1990) fifth example and
for them, the test became one of intentional retrieval.
Those subjects who said they were "unaware" of the study-
test relationship and who showed no levels of processing
effect apparently carried out the test without using
intentional retrieval, thereby yielding their data
unambiguously implicit. The work by Blaxton (1985,

Expt. 1; 1989; Roediger and Blaxton, 1987) referred to in
the previous section (1.5) fits nicely with this

Schacter/Bowers model in that their variation between
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"no context" and "generate" showed the generation effect
for explicit free recall and a superior effect of items
studied without context in implicit word fragment
completion. Experiment 1 of this thesis adheres more
strictly to Schacter et al’s retrieval intentionality
criterion by holding the external cues constant while

only allowing the instructions to differ.

Section 1.7 that follows deals further with the type of
recollective experience mentioned by Schacter and his
colleagues, 1in a discussion on memory and conscious

awareness.
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Memory and Conscious Awareness

The previous section noted that tests of explicit memory
require a conscious memory search, while implicit ones do
not. Studies of priming with amnesic patients (section
1.3) also distinguished the two types of memory test
according to whether conscious awareness 1is required.
Indeed, as Tulving (1985b) pointed out, the very act of

remembering requires awareness.

Tulving distinguished between three types of
consciousness, autonoetic, noetic and anoetic.
Autonoetic consciousness, or self knowing, refers to the
personalization of a memory, the remembering of an event
as part of one’s own existence, while noetic
consciousness, or knowing, refers to our knowledge of
objects and events of the world, and our awareness of
them even in their absence. Anocetic consciousness, or
non knowing however, refers to a conscious awareness that
is bound to the present time and space. These three
types of consciousness are correlated with episodic,

semantic and procedural memory respectively.

Tulving described two experiments in which subjects were
asked at test to put an "R" for "Remember" next to items
whose prior occurrence in the study list they could
consciously recollect, and a "K" for "Know" next to items
they recalled or recognized on some other basis. By

this, he demonstrated that subjects can make meaningful
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judgements about the nature of their conscious awareness

during a memory test.

These two measures can be considered from a processing
as well as a memory systems viewpoint, with "Remember"
responses relating to conceptually driven processing and
"Know" responses reflecting data driven processing. (See

e.g. Jacoby, 1983; Jacoby and Dallas, 1981; section 1.4.)

In this respect, the two responses tend to mirror the
processes involved in explicit and implicit tests of
memory, the former tending to be of a conceptually driven
nature, and requiring the subject consciously to
recollect earlier studied items, the latter usually
drawing more on data driven processing, requiring the
subject simply to execute a task, the results of which
illustrate a facility afforded by the previous study
period. Thus variables that differentially affect tests
of explicit and implicit memory tend similarly to affect

"Remember" and "Know" responses.

Gardiner (1988a) showed that "Remember" rather than
"Know" responses, were affected by a levels of processing
study manipulation, the lack of effect on "Know"
responses being reminiscent of implicit tests of
perceptual identification or word fragment completion, in
that these tests tend not to be affected by levels of
processing study manipulations (see 1.4). Gardiner and
Java (1990) found that word frequency affected the

"Remember" response, while the "Know" response was
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sensitive to a word/non-word study manipulation,
indicating that the conceptually driven processes
involved in studying words present in semantic memory
affected the "Remember" response, while non-words, having
no place in the semantic network and therefore utilizing
mostly data driven processing, affected the "Know"

response.

Gardiner and Parkin (1990) used a divided attention task
to test the hypothesis based on the parallel of the
dissociations between "Remember" and "Know" and explicit
and implicit measures of retention. Their task had
subjects shadow a series of auditory tones, a task which
tends to impair explicit recognition memory but not
implicit word fragment completion. As anticipated, the
authors found the "Remember" but not the "Know" response
to be impaired by this manipulation since, by definition,
explicit tasks require "on-line" consciousness while

implicit ones do not.

Other independent variables have also been shown to
affect "Remember" responses without influencing "Know"
responses. Macken and Hampson (in press) varied
incidental learning versus rehearsal, Gregg and Gardiner
(1991) studied modality and Mogg, Gardiner, Stavrou and
Golombok (1991) used threatening and non-threatening
words. However, Gardiner and Java (in press) showed
that, rather like priming in implicit memory, the "Know"

response 1s more resistant to the effects of time, at
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least for periods of up to one week, whereupon both
"Remember" and "Know" responses decline at a similar
gradual rate over periods of one and six months. Parkin
and Walter (1991) showed that elderly adults produced
more "Know" and fewer "Remember" responses than younger

subjects.

Blaxton (1991) drew attention to the correspondence
between consciousness in memory as measured by "Remember"
and "Know" responses, and conceptually and data driven
processing. Blaxton devised tests that were either
conceptually or data driven: her Experiment 3 involved a
set of abstract visuo-spatial designs to be studied under
two different orienting conditions. One condition was
designed to induce data driven processing and involved
neurological patients answering questions about vertical
and horizontal lines which were present in the designs.
Subjects 1in the conceptually driven processing condition
were asked to state which of two verbal labels was best
suited to fit the designs. The use of these tests showed
that epileptic patients with left temporal lobe lesions
tended to be better at data driven tasks (since they were
less able to conceptualize the study material) while
right temporal lobe lesioned patients were better at the
conceptually driven tasks (since their type of deficit
affected the study of the surface features of the
material) . When patients were asked to make "Remember"
and "Know" responses in a recognition test, more

"Remember" responses were made by the right temporal
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temporal lesioned patients, and more "know" responses
were made by patients with left temporal lobe lesions.
This work strongly suggests that the conscious "Remember"
response does map onto conceptually driven processing,
while the "Know" response maps onto data driven
processing. Moreover, this study together with the
others discussed above, that have shown how certain
variables affect the "Know" response leaving the
"Remember" response relatively unaffected, argues against
the idea that "Know" responses are merely a reflection of

weak trace strength.

Experiment 7 in Chapter 5 uses "Remember" and "Know"
responses to measure conscious awareness in the explicit
and implicit memory of young and older adults. Chapter 2
that follows discusses functional explanations of the
decline of explicit memory with age, while a second
section of that chapter reviews the recent literature on

explicit and implicit memory and age.
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CHAPTER 2

MEMORY AND AGE
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2.1

Functional Explanations of an Age-Related Decline in

Explicit Memory

This section of the thesis discusses the functional
explanations of the impairment with age of explicit

memory.

Birren, Woods and Williams (1980) suggested that memory
decline in older adults is due to a general slowing down
in behaviour. Salthouse (1980) further considered that
the process most likely to be affected by this loss of

speed and ability is rehearsal. According to Salthouse,
memory processes are similar across age; what differs is

the speed of function.

Hasher and Zacks (1979) suggested that the processes
involved in encoding differ along a continuum between
effortful and automatic. They suggested that spatial
location, time, frequency of occurrence and word meaning
can be encoded using automatic processing, while imagery,
rehearsal, organization and mnemonic processes are
effortful, the latter group requiring a greater
expenditure of attention and effort to maximize
efficiency. Hasher and Zacks cited research on aging
that illustrates deficits on tasks requiring substantial
attentional capacity. For example, 1in tasks of free
recall, older adults use organizational and clustering
techniques less frequently, and are less likely to use
mnemonic devices in paired associate tasks than younger

adults. The elderly are also less competent in the use
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of imagery and tend to use rehearsal techniques less
frequently. However, in a test of frequency judgements,
an automatic process, these authors found no such
evidence of an age difference. Hasher and Zacks (1989)
have more recently suggested that age differences may be
due to the elderly’s lack of ability to inhibit
irrelevant extraneous information. Reduction in
inhibition, by enriching the contents of memory with
unnecessary information, thus makes retrieval of the
required information more difficult. These authors
suggested that some of the tasks involving implicit

memory call upon a minimum of interference.

It has also been postulated (Eysenck, 1974) that older
adults find it more difficult to process information
deeply; that they do not spontaneously perform deep
semantic processing tasks. Since this type of processing
is considered to produce a deeper memory trace (Craik and
Tulving, 1975) which effects a greater resistance to
forgetting, 1t is an important area to investigate.

Craik and Simon (1980) suggested that, by giving subjects
an orienting task which directs them to process items
more deeply, age differences should diminish. However,
in tasks concerning free recall Eysenck (1974), Erber,
Herman and Botwinick (1980) and White (cited in Craik,
1977) still found age differences when semantic orienting
tasks were included. Perlmutter (1978, 197%9a), Mason
(1979) and Zelinski, Walsh and Thompson (1978) also

failed to find any improvement in older subjects’ ability
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when intentional learning instructions were given, or
orienting was manipulated. However, tests of recognition
do not show such clear cut evidence. Craik and Simon
(1980) reported a replication of White’s experiment, with
recall and recognition as a between subjects variable.
Fewer age differences were found in recognition when
encoding was controlled. Perlmutter (1978, 197%a) found
that a free association task assisted the recognition of
older subjects. However, Mason (1979) found that young
subjects still outperformed the elderly when a category
judgement task was used, and Smith and Winograd (1978)
showed that older adults still performed badly when
orientation was guided in a face recognition task.

Indeed, Erber et al (1980) found that recognition
deteriorated when a semantic orientation task was used.
However, as Burke and Light (1981) pointed out, the fact
that subjects are guided to perform certain orienting
tasks, does not guarantee that exactly the same
performance is actually occurring across for both age

groups.

Rabinowitz and Ackerman (1988) reported two experiments
that studied age differences in semantic encoding. They
felt that older subjects used qualitatively different
processing techniques from younger subjects, 1in that the
older subjects employed more general, global features of
study items, rather than specific contextual features
which were likely to be more helpful to later episodic

retrieval. In their Experiment 1, it was shown that the
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older group benefited less than the younger group from
generating their own contextual cues. Experiment 2, a
replication of Thomson and Tulving’s (1970, Expt. 3) work
comparing weak, strong and matching retrieval cues,
showed that the older subjects fared as well with same
strong as different strong cues, whereas the younger
group reaped the benefit of matching cues, whether weak
or strong, according to the logic of the encoding
specificity principle (Tulving, 1983). Thus these
experiments indicate a more general encoding process of
the elderly by their failure to integrate the specific

contextual study environment.

The elderly have thus been said to differ from younger
adults at traditional laboratory tasks involving episodic
memory because of their slowness in behaviour, a lesser
ability at effortful processing, a lack of ability to
process information deeply and their qualitatively

different encoding techniques.

The experiments reported in this thesis, 1like the wvast
majority of the studies referred to in the literature has
employed cross-sectional designs. This type of design
has acknowledged problems associated with it, so that in
a study of aging, effects other than the

advancement of age and the possible decline in cognitive
abilities may be being measured along with the task of
interest, and may therefore result in inappropriate

conclusions. Thus, for example, standards of living,

42



medical care and nutrition have changed considerably over
the last 50 years, so that comparisons between the memory
abilities of 20 and 70 year olds may reflect these
environmental issues too. Conclusions of causal
inference and generality may therefore relate to "cohort"
effects - differences between a set of subjects due to
the lifestyle into which they were born and brought up,
rather than the effect of chronological age on the task

of interest.

A longitudinal design measuring changes in the same
individuals over a period of years should overcome such
problems, but this method also has its disadvantages.
Research funds tend not to extend to the necessary length
of time involved, and it is also quite possible that by
the end of the study, ideas in that discipline might well
have changed. A combination of cross-sectional and
longitudinal techniques could be a solution to this
problem,but there would need to be sufficient wversions of
the type of test to ensure against carry-over effects of
learning, and that would still leave an effect of

practice for that type of task.

Nevertheless, the results of the present investigation is
readily interpreted within the context of an extensive
corpus of work which provides converging evidence for
causal interpretations of age-related changes in

performance.



A further problem with attempting to use a longitudinal
design to address the present issues would be that
repeated testing of the same individuals would be likely
to lead to the confounding of the results by the effects
upon later performance of knowledge of the study’s

purpose.

The following section (2.2) discusses the recent
literature concerning a comparison of explicit and
implicit memory with age, and considers the types of
tasks at which age similarities as well as differences

are to be found



2.2 A Review of the Literature concerning Aging and Priming

Recent memory research has compared the ability of
different age groups on different types of explicit and
implicit memory tasks. The studies included in this
summary are categorized as far as possible in relation to
the manner in which the implicit tasks were processed,
either conceptually or perceptually. The first part of
this section commences with papers involving tests that
use a conceptual framework, that is, subjects are
required to utilize the meaning of the material. The
second part involves perceptual tests, to include lexical
decision tasks (Richardson-Klavehn and Bjork, 1989,
included word stem and fragment completion along with
lexical decision tasks among their indirect memory tests
of the "lexical domain"), procedural and skill learning,
picture naming and visual closure tasks, perceptual
identification, word fragment and word stem completion.
Studies that include both conceptual and perceptual
priming will be considered in the third part of this

section.

2.2 (1)
The first five studies to be considered involve
conceptual priming tasks. Howard, Heisey and Shaw (1986)
investigated the priming of newly learned associations,
to see whether this ability differed according to age.
The authors pointed out that the ability to learn new

associations underlies language comprehension, memory
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search and problem solving. Subjects studied short
sentences in the form of noun/verb/noun, for example,

"The dragon sniffed the fudge", for periods of up to

20 seconds each. Priming was measured via a recognition
test in which all of the nouns plus an equal number of
distractors were presented for "yes" or '"no" decisions,
and reaction times were recorded. It was found that only
the young group showed an effect of priming after the
first presentation, but two or more presentations of each
sentence afforded similar priming across age. Tests of
cued recall showed differences in age. The authors
argued that the priming measure they employed was similar
to that used by Jacoby and Witherspoon (1982, see also
below, this section), since it involved memory without
awareness. Thus Howard et al suggested this methodology
to be useful for discovering whether or not an item has

been stored, rather than traditional retrieval methods.

Rabonowitz (1986) also studied priming as measured by
reaction time in an episodic recognition task, as well as
testing recognition and recall. He compared related and
unrelated word pairs, for example, STRING-GUITAR and
CARD-GUITAR. He found no effect of age on priming,
though age did affect cued recall and recognition.
Additionally, in the cued recall test, older subjects
recalled more related than unrelated words. Rabinowitz
suggested that his result reflected the continuum of
automatic and effortful processing (Hasher and Zacks,

1979; see also section 2.1) with the test of cued recall
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being at the effortful end. Furthermore, he suggested
the results indicate that any age related deficits can be
accounted for by retrieval processes rather than an
integration deficit (see e.g. Graf and Mandler, 1984;
Mandler et al, 1990; section 1.5), as the competence of
older subjects at encoding both related and unrelated

word pairs was highlighted by the priming task.

Rose, Yesavage and Hill (1986), in a replication of
Jacoby and Witherspoon’s (1982) study with amnesic
patients, gave subjects a "general information
Questionnaire”™ in which homophones were embedded within
the questions. One such question asked "where did the
founding fathers of our country gather to WRITE the
constitution?" The intention was that a later spelling
test would pick up evidence of priming, according to the
particular meaning of the homophones as biased by the
questionnaire. A recognition test followed, whereupon
subjects were quizzed as to their awareness of the
study’s purpose. While none of the subjects noticed the
relationship between the study task and the spelling
test, some realized that items on the recognition test
related to items in the questionnaire.

It was found that only the younger group showed a priming
effect for the biased meaning of the study words,
although the two groups performed similarly in
recognition. Thus the study failed to replicate in the
elderly, Jacoby and Witherspoon’s finding that amnesic

patients show similar priming ability to normal control
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subjects at this task. The authors concluded that
perhaps this study used an automatic task at which older
adults are less successful, or that the task relied on
the specific contextual information of the study items, a
process that elderly subjects are said to find difficult
(Rabinowitz and Ackerman, 1988; see also section 2.1).
Nonetheless, it seems unusual to find a study in which
the explicit task, albeit one of recognition in which
differential effects of aging have been found (for a
review, see Burke and Light, 1981) shows less of an

effect of age than the implicit one.

Howard (1988) however, reported a series of three
experiments that were also based upon the semantically
biased homophones experiment of Jacoby and Witherspoon
(1982) . Experiment 1 posed a number of orally presented
questions, a proportion of which were homophones biased
to their less frequent meaning, e.g. "If you were making
a pizza which kind of cheese would you GRATE?" Subjects
were tested for explicit recognition and implicit memory,
the latter test requiring them to write down each biased
word. Results showed that although both age groups
showed a significant spelling bias, the younger group
outperformed the older subjects. However, Howard
suggested that the implicit test might have been
contaminated to some extent by explicit strategies, since
post hoc testing revealed a relationship between the two
types of tests for both subject groups. Experiment 2

followed another procedure. This time subjects were to
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listen to a set of related word pairs, a proportion of
which were biased homophones as before, e.g.
Cheese-GRATE. Subjects were tested for immediate and
delayed recognition, cued recall and implicit spelling
bias. Results showed no age differences in recognition
for either the immediate or delayed tests, though
differences in age occurred for both types of test in
cued recall. The implicit test showed no age difference
for the immediate test, but differences became apparent
after the two day delay, when the older group, though
still showing a significant priming effect, produced a
lower spelling bias than in the immediate test. Howard
noted however, that subjects tended to be aware of the
purpose of the "implicit" test, and hence she set out to
make the test less "transparent" in her third experiment.
This time subjects were asked to make a novel sentence
each containing one of the study words, rather than
simply to spell them. Results of this experiment showed
no effects of age on spelling bias for the immediate or
delayed tests. Since none of the subjects revealed
spontaneous awareness of the study’s purpose, the author
proposed that spelling bias can be a long lived effect,
possibly based on contextually appropriate activation.
(See also Davis, Cohen, Gandy, Colombo, Van Dusseldorp,

Simolke and Romano, 1990; section 2.2(iii).)

Light and Albertson (1989) used the task of generating
category members as their implicit test, comparing this

with category cued recall. Thus for the implicit test,
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young and older adults were asked to generate members of
categories after a study phase involving the rating of a
list of words, some of which were the target categories,
for pleasantness. Category names served as retrieval
cues in cued recall. The authors found no reliable age
differences in the implicit task, but there was a
difference in age for cued recall. Subjects were
questioned post hoc, about their awareness of test items
as study list members. It was found that significantly
more younger subjects than old were aware of the
relationship between test and study, and that more of the
young aware subjects said they had deliberately generated
words from the study list. However, while Light and
Albertson considered the possibility that deliberate
retrieval by a greater number of young subjects might
account for small but unreliable age differences
sometimes found in priming ability, they pointed out that
in cued recall, elderly subjects tend not to benefit from
intentional retrieval instructions. Thus these authors
suggested that age differences in memory relate to

intentionality or the deliberate recollection of events.

2.2(i1)
This part of this section summarizes studies concerning
priming and aging that deal with tasks of a perceptual
nature. The first study by Moscovitch (1982)
distinguished between conscious recollection and
procedural or skill memory, and suggested that it is the

former that is assessed by traditional memory tests,
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while the latter requires subjects simply to perform a
task. He considered conscious recollection would be more
severely disadvantaged by age than procedural memory.
Moscovitch tested this hypothesis using a lexical
decision task involving words and pronounceable non-
words. The decision as to whether a string of letters is
or is not a word, results in shorter reaction times on a
second presentation of the item. This repetition priming
effect was similar for both age groups. However the
results of another experiment involving the reading of
geometrically transformed script did not show a preserved
capacity in normal elderly subjects. Thus Moscovitch
concluded that while conscious recollection is severely
impaired in the elderly, widespread damage due to aging

may affect some procedural tasks too.

Howard, McAndrews and Lasaga (1981) in another lexical
decision task, asked young and older adults to decide
whether pairs of word strings were real words and respond
with a "yes" or "no" in respect of the two words

together. Comparable response times across age were
recorded, although a free recall test given to the same
subjects, though using a different set of target words,
showed a difference in age. The authors discussed their
results according to the automatic/effortful hypothesis

of aging (see section 2.1).

Read (1988) studied age and implicit memory using a

"visual closure" task as a measure of visual perceptual
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skill. Ability at this task is said to decline more
qguickly with age than verbal ability (Botwinick, 1977;
Kausler, 1982), although the task had not been used
before as a "covert" test. In this study involving 734
subjects of three age groups between the ages of 50 and
79, subjects were presented with line drawings of four
levels of perceptual difficulty. They were asked at each
level to identify the pictures. Delayed recall and
recognition were also tested, and implicit memory was
measured by percentage savings scores. Age differences
were shown for all of the tests. Read questioned why
some implicit memory tasks show evidence of aging while
others do not, and suggested that tasks of higher
perceptual difficulty, 1like Moscovitch’s (1982) tests of
transformed script might present too great a perceptual

load for some elderly subjects.

Mitchell (1989) suggested that evidence from his study on
aging provides support for the theory that memory
involves more than one system (see section 1.5). He
manipulated codability and lag, as well as investigating
age related differences in the proposed three systems of
episodic, semantic and procedural memory. Codability can
be explained as the ease of naming a drawing or picture.
Thus a picture of a chair is usually defined by most
people as a chair, whereas a picture of a dresser might
well result in several different definitions. Codability
was taken as a measure of both semantic and episodic

memory. Items of higher codability are said to be easier
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to access from semantic memory than items of lower
codability, but low codability items are easier to
recognize in episodic memory tests. Lag effects, the
effect of the number of items between repeated target
items, were used as a measure of both episodic and
procedural memory, since episodic memory performance was
expected to improve with increased lag, while repetition
priming was expected to deteriorate. Priming was
measured by the difference in the time taken to respond

to the second occurrence of an item’s presentation and a

baseline item. No significant effect of age was found
for this measure. While items of low codability produced
greater priming, these did not differ with age. However
priming declined across lag for both age groups. Naming,

the measure of semantic memory, also failed to show any
age differences. Episodic memory measures, on the other
hand, illustrated the anticipated differences in age,
with older subjects performing less well than the young
in tests of recall and recognition. Thus Mitchell’s
investigations showed that older adults were only

impaired in episodic tasks.

Factor analysis revealed three distinct memory systems.

In his final consideration as to whether there is one, or
there are several memory systems, Mitchell considered a
processing account (see section 1.5) of the data, that
matching study and retrieval processes are a reasonable
interpretation. However, he suggested that the elderly

only showed a difference in ability at tasks involving
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episodic memory, and since all the stimuli and tasks were
performed by both age groups, matching encoding and
retrieval processes were irrelevant. In a further study
of priming as assessed by picture naming, Mitchell, Brown
and Murphy (1990) again showed no reliable age

differences.

Light, Singh and Capps (1986) in a replication of the
work of Tulving et al (1982) comparing yes/no recognition
with word fragment completion, tested young and older age
groups. They found for example, that recognition of the
word ASSASSIN was not as good in older subjects as young
subjects, vyet asking subjects to replace the dashes in
the fragment A--A--IN produced similar ability for age.
The authors attributed these differential results of age
and test type to a lack of impairment when memory without
awareness 1is tested. They considered their data within
the framework of Graf and Mandler’s (1984; see also
section 1.5) dual process theory, suggesting that only
activation and integration processes were involved in
word fragment completion, the test not requiring the

invocation of elaborative processes.

Light and Singh (1987) conducted three experiments
involving explicit and implicit memory, again considering
their findings from a memory processing approach.
Experiments 1 and 2 compared word stem completion, free
and cued recall and recognition. The results showed no

effect of age on word stem completion, while the usual
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age effects were found in recall and recognition.
Experiment 2 used the same stems for cued recall as word
stem completion; only the instructions differed. Thus it
was possible to show whether instructions merely to carry
out a task, rather than to use conscious retrieval, could
alter apparent ability at the task. Experiment 3 used
perceptual identification as the implicit task, as well
as tests of recall and recognition. Again, only the
explicit task was affected by age. Light and Singh
suggested their findings to be compatible with the view
that older adults are less capable than the young of
performing tasks involving the integration of items, or
processing items in context, and that implicit tasks
utilize automatic processes which do not necessitate such
integration (Burke and Light, 1981; Kausler and Puckett,
1980, 1981; Rabinowitz, 1984; Rabinowitz and Ackerman,
1982; Winocur and Moscovitch, 1983; see also section 1.5
and 2.1). However, Rabinowitz’s work involving related
and unrelated word pairs, implies that older adults are
capable of encoding using these processes; perhaps it is
just that tests of recall and recognition are not
sufficiently sensitive tests of retrieval to illustrate

this ability.

The last study in this section on perceptual priming

tasks involves a word stem completion test in which age
differences have been found. Chiarello and Hoyer (1988)
showed significant effects of both levels of processing

and age in word stem completion, failing to replicate
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Light and Singh’s (1987) findings. Chiarello and Hoyer
suggested that the small but non-sig'nificant age
differences found in previous studies of word stem
completion may be real and they stressed the need for a
powerful experimental design (they used twice the number
of subjects used by Light). These authors concluded that
since there are age differences in some implicit memory
tasks, 1t cannot be said that implicit memory tasks are

uniformly unimpaired by age.

2.2(ii1i)
This last section describes three studies that involve
conceptual and perceptual priming. Moscovitch, Winocur
and McLachlan (1986, Expt. 1) had memory impaired
institutionalized subjects, normal, old and young
subjects read sentences in geometrically transformed
script. After one to two hours and four to fourteen
days, they were to say which sentences they recognized as
old. Young and normal old subjects showed a similar
pattern of results for this task. When reading speed was
taken into account, there was found to be only one
dissociation between the two measures. The
neurologically disordered subjects’ reading time was
similar to that of the other subject groups, but their
recognition ability was impaired. Experiment 2
investigated item specific information, and the three
groups studied weakly associated word pairs and
sentences. They were tested after a few minutes for

recognition and reading speed. Although the young had
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faster reading times than the older group, 1t was only
the institutionalized subjects who had impaired
recognition ability. Experiment 3 obtained similar
results using randomly associated word pairs. Despite a
weakness in the data due to the young having faster
reading speeds than the older group, Moscovitch et al,
felt it was possible to put forward the view that the
type of memory measured by reading speed deteriorates
more slowly with age than that requiring conscious
recollection. These authors’ experiments suggest that
even memory disordered people can form and retain new
associations, but recognition, requiring conscious
recollection, 1s impaired. In considering that data and
previous work with amnesic patients, the authors
considered that an interpretation according to systems or
processing approaches were not mutually exclusive, and
that a theory of memory systems should also take into
account what conditions and processes each system

characterizes.

Howard (1988) assessed implicit memory by exposing young
and older adults to newly associated word pairs, using a
word stem completion task. At study, subjects were to
make a sentence out of each pair of words and to rate
this task for difficulty in each case (Expt. 1). At
test, they were given the first of the word pairs and a
three letter stem to complete e.g. QUEEN-STAIRS/QUEEN-
STA Howard found no difference in age for this

experiment. However, when she presented the same word
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pairs in the form of a sentence to be studied (Expt. 2),
e.g. "The queen fell down the stairs", so that the target
words were not highlighted, results showed that the older
group’s implicit memory was impaired by this difference
in study task. Howard suggested that in the second
experiment, the older adults failed to establish a
relationship between the target words, and concluded that
while there tends to be an age equivalence for implicit
word stem completion, this is not always the case for

implicit associative memory.

Davis, Cohen, Gandy, Colombo, Van Dusseldorp, Simolke and
Romano (1990) not only questioned whether implicit memory
is spared in the elderly, but whether their performance
is qualitatively similar to that of amnesic patients.
They noted the mixed findings in the literature
concerning priming and age, and suggested this might be
due to the different methods used. Their Expt. 1 used
the homophone priming task of Rose et al (1986). Davis
et al found no effect of priming for their elderly group,
and suggested that their results were confounded by the
high baseline scores of the older subjects. They further
suggested that the task was unsuitable as an assessment
of implicit memory ability and age. Experiment 2
involved a word stem completion task given to young and
older subjects between the ages of 20 and 80 plus. The
authors found that both subject groups showed significant
priming effects for this task, but that subjects in their

seventies and eighties had significantly lower priming
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scores than the other subjects. Davis and his colleagues
thus concluded that since implicit memory seems not to be
uniformly spared in the elderly, a parallel cannot be
drawn between the abilities of amnesic patients and

elderly subjects.

Thus this review of the literature concerning aging and
priming that includes studies both of a conceptual and
perceptual nature has shown both equivalence of age as
well as an impairment with age for both types of task.

A smaller proportion of the conceptual priming tasks
referred to in Section 2.2 (i) than those of perceptual
priming (Section 2.2(ii)) showed the preserved ability of
the elderly. Section 2.2(iii) in which three studies
involving both types of task were discussed, also showed
that the more perceptually oriented tasks tended to
afford an age equivalence, while a mixed design of
conceptual study conditions and perceptual priming task
showed differential results with age according to the

mode of study presentation.

From the above, it appears that the evidence for a
preserved priming ability with age leans towards the idea
that tasks of a perceptual nature produce this effect.

It is important therefore to investigate priming tasks of
both types in order to discover what might effect these
differential findings of age equivalence and differences
in implicit memory tests. Section 2.3 that follows

introduces the experimental chapters that compare memory
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and age, using word stem completion, anagram solution and
word association as the perceptual and conceptual

implicit tasks.

58



2.3 An Introduction to the Experimental Chapters

The literature cited in Section 2.2 of this chapter
illustrates the differential findings with regard to
older subjects’ ability at explicit and implicit memory
tests. Most of the research indicates an impaired
ability at explicit tasks. Indeed, as Perlmutter (1980)
pointed out, so many studies have been designed to
highlight this deterioration with age, that we have now
come to accept this failure of memory with age as a fact.
However, of the implicit memory tasks discussed in the
previous section, over 65% showed the preserved ability

of older adults for this kind of test.

The first experimental chapter describes two experiments
which compare explicit and implicit memory in young and
older adults. Experiment 1 uses word stem completion as
its dimplicit task, with cued recall as the explicit
counterpart. Experiment 2 compares anagram solution and
recognition. By including levels of processing as a
study manipulation in both of these experiments,
converging evidence with regard to the tasks’

implicitness 1is obtained.

Experiment 1 was originally concerned with the intention
of extending the work of Light et al (1986) to a word
stem completion test. These authors investigated memory
in young and older adults using word fragment completion
as the priming task (see section 2.2). Word stem

completion was originally used by Warrington and
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Weiskrantz (1970) in their work with amnesic patients
(see section 1.3) and has been quite popularly employed
as a priming task since then (see e.g. Graf, Mandler and
Hayden, 1982; Graf et al, 1984; 1985; Greene, 1986;
section 1.2). The paper by Light and Singh (1987) in
which older adults showed preserved memory for the
implicit task of word stem completion (see section 2.2)

was published while Experiment 1 was already in progress.

Thus for Experiment 1, it is predicted that there should
be no effect of age or levels of processing in word stem
completion, while evidence of the effects of both of

these variables should be shown in cued recall.

Experiment 2, which uses anagram solution as its task of
implicit memory, is an investigation into the generality

of the types of task that reveal little effect of age.

While anagram solution has been used before as a priming
task (see e.g. Dominowski and Eckstrand, 1967; Jablonski
and Mueller, 1972; Perruchet and Baveux, 1989 and
Gardiner, Dawson and Sutton, 1989), this task has never
been employed in a study concerning age. Srinivas and
Roediger (1990; see also section 1.4) 1in an endeavour to
classify anagram solution according to its processing
components were unable to state definitely that the task
was classifiable as data driven, but noticed that its
behaviour was similar to word fragment completion when
levels of processing and modality were manipulated. If,

as these authors suggest, anagram solution does involve a
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large data driven component like word fragment and stem
completion, then it is predicted that there should be no
evidence of a levels of processing effect (see section
1,4). In addition, since the literature discussed in
Section 2.2 has indicated that elderly subjects are more
likely to show a preserved priming ability at perceptual
or data driven tasks, this task should show little
evidence of age. However, it is predicted that both
levels of processing and an effect of age should occur in

an explicit recognition task.

Chapter 3 covers work on three experiments which vary
read and generate, the two extreme study conditions used
by Blaxton (1985, Expt. 1; 1989; Roediger and Blaxton,
1987; see also section 1.4). It is proposed to use this
study manipulation in order to extend these authors’
findings with word fragment completion to word stem
completion in a study of age. Thus free recall is
representative of the authors’ conceptually driven
explicit task in the present Experiments 3 and 4, and
word stem completion its data driven counterpart in all
three experiments. It is predicted that, in free recall,
the younger subjects will outperform the older group, and
the standard generation effect will be produced.

However, 1if word stem completion is classifiable as a
data driven test, according to the Roediger et al (1989;
see section 1.4) criteria, the generation effect should
be reversed. Since age has tended not to be a

distinguishing feature in many implicit memory tasks of a
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perceptual nature, it is anticipated that the three
implicit tests used in this chapter will show a lower
level of impairment with age compared to the explicit

tasks.

While Experiment 3 compares straightforward word stem
completion task with free recall, Experiment 4 embeds
word stem completion within a set of other tasks, in an
endeavour to disguise the purpose of this part of the
study, in order to render the task genuinely implicit.
This embedded form of the word stem completion task is to
be compared with explicit free recall. It is predicted
that the embedded task should incur an even smaller age
difference than one that might be found in Experiment 3,
since explicit strategies should be less available for
use by the younger group, who would otherwise be more

likely to avail themselves of this ability.

Experiment 5 investigates subjects’ awareness in the two
types of word stem completion task used in the previous
two experiments, comparing them directly, within
subjects, and asking the four questions devised by Bowers
and Schacter (1990) and Schacter, Bowers and Booker

(1990) (see section 1.6) to detect test awareness. By
applying these questions to both of the word stem
completion tasks designed to be implicit, and designating
subjects post hoc to "aware" and "unaware" groups; it is
predicted that in Experiment 5, a greater effect of read

should occur among the unaware group, since this finding
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appears to be related specifically to data driven
implicit memory, according to the work of Blaxton (1985,
Expt. 1, 1989; Roediger and Blaxton; see also section
1.4) who showed this effect in a word fragment completion
task. Blaxton also showed an enhanced read effect in her
data driven task of graphemic cued recall, but on this
occasion the read superiority appeared to be somewhat
reduced. Furthermore, it is predicted in the present
experiment that old and younger subjects in the "aware"
group should show a greater difference in age than
"unaware" groups, since tasks involving conscious

awareness tend to benefit younger adults.

The work discussed in Chapter 4, the final experimental
chapter, extends the findings of the earlier experiments
in this thesis in two ways. Experiment 6 investigates
conceptual priming, to see whether the relatively
preserved capacity of older adults which has been shown
to occur mostly in perceptual implicit tasks (see section
2.2), generalizes to this mode of priming on this
occasion. However, Light and Albertson (1989; see also
section 2.2) did show an age equivalence in a priming
task involving the production of category members. Work
with amnesic patients (Shimamura and Squire, 1984, Expt
3; see also section 1.3) has shown this subject group to
perform at a similar level to normal controls in a word

association task.
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Experiment 6 uses a word association task as the
conceptual implicit test and incorporates it within the
format of a verbal skills test, as in the previous two
studies, in order that an implicit measure of memory
might be more readily achieved. It is anticipated that
since tests of perceptual priming have shown the effect
of transfer appropriate processing (Morris et al, 1977;
see also section 1.5) highlighting the data driven
properties of study and task procedures thereby showing a
read superiority effect (in straightforward non-embedded
tests), it 1is also likely that the effect of generating
at study might enhance the conceptually driven processes
of word association at test. Results are awaited as to
whether this task will show similar priming across age as
there is less work involving conceptual than perceptual
priming and age 1in the literature (see section 2.2). In
free recall, while the younger group is expected to
outperform the older group, both groups should benefit

from the generation of material at study.

Experiment 7 draws upon the work of Tulving (1985b)
together with that of Gardiner (1988a) concerning
measures of consciousness in memory as assessed by
"Remember" and "Know" responses (see section 1.7). This
experiment employs the basic methodology of Experiment 1,
in which the same word stems are used as cues for both
word stem completion and cued recall, but further asks
subjects to indicate with an "R" or "K" response, their

mode of consciousness for recognized completions and
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items recalled. It is therefore predicted that, not only
should the younger subjects outperform the elderly in
cued recall, and that an age equivalence should be shown
for word stem completion as in Experiment 1, but that the
difference in age for cued recall should only occur for
conscious "Remember" responses, since older adults have
been shown to be less adept at tasks involving conscious
awareness (see section 2.2). It is further predicted
that fewer of the stem completions will be correctly
recognized by the older subjects than the young, since

recognition is an explicit task.

On a methodological note, it is necessary to point out
that apart from Experiment 5, all of the experiments
involve comparisons between explicit and implicit tasks
in order that differential effects of age and/or study
manipulation may be seen. In each of these experiments,
subjects are informed that the study includes a memory
test, the nature of which is not initially specified.
This follows the method of Light, Singh & Capps (1986)
who instructed their subjects to "Learn each word" as
their memory for these words would be tested later.
There 1is good evidence to show that incidental wvs
intentional study instructions have little effect on
implicit word stem completion (see eg. Bowers & Schacter,

1990; Greene, 1980).
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The decision to warn subjects of an impending memory test
was taken in order to encourage subjects to encode the
study material deeply, as elderly subjects have been
shown to be less efficient at this procedure (see
section, 2.1), and it was important to ensure that
sufficient data should be available so that the effects
of study manipulation on both implicit and explicit tasks

might clearly be seen.

Any risk of subjects guessing that the implicit task was
the "memory" task and deviating from the instructions
given by using explicit strategies is controlled for in
each experiment. The manipulation of study variables
known to affect explicit but not implicit memory, or to
affect the two in different ways (in the earlier
experiments) together with two types of measures of
conscious awareness (in two of the later experiments) all

provide converging evidence that this did not happen.

In summary, Chapter 3 covers work on explicit and
implicit memory tasks, involving two studies of age that
manipulate levels of processing at study. The first
experiment uses word stem completion as the implicit

task, the second, anagram solution. Chapter 4 discusses
the effect of manipulating read and generate at study, in
three experiments involving word stem completion.
Experiment 3 compares straightforward word stem

completion with free recall, while Experiment 4 embeds
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word stems to be completed within a set of other tasks
and compares this with free recall. Experiment 5
compares the two types of word stem completion tasks and
investigates test awareness, The final experimental
chapter investigates conceptual priming and measures the

conscious awareness involved in implicit and explicitly

produced material.
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CHAPTER 3

IMPLICIT MEMORY TESTS: WORD STEM

COMPLETION AND ANAGRAM SOLUTION
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3

.1

Introduction

The two experiments described in this chapter compare
explicit and implicit memory and age using word stem
completion and anagram solution as the implicit tasks,
with cued recall and recognition as the tests of implicit
memory. At the time of designing these experiments,
neither of the priming tasks had been used in research
concerning the elderly. The aim of these experiments was
to extend previous work that has shown the elderly to
have a relatively preserved implicit memory capacity to

these two perceptual tests.

A levels of processing study manipulation was included in
both of the experiments for two reasons. Firstly, it is
an important manipulation in supplying converging
evidence with regard to the implicitness of the tasks.
That 1is, implicit tasks tend not to be sensitive to this
manipulation (see e.g. Graf and Mandler, 1984; Jacoby and
Dallas, 1981; see also section 1.4). Light and Singh
(1987; see section 2.2) showed that in a word stem
completion task, young and older adults similarly showed
little effect of this manipulation at study, and no
significant age difference in overall ability at the
task. Secondly, since it has been suggested that older
adults tend to process to be remembered information in a
different manner from young adults (section 2.1), it was
considered important to include a semantic encoding task,

both as an environmental support, and in order to ensure
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that any perceived age related findings should be

attributable only to intentional study manipulations.

It was predicted that in Experiment 1, there would be

an age difference in explicit cued recall, with higher
scores for items studied under semantic encoding
conditions for both age groups. Neither the effects of
levels of processing nor age were anticipated in the
implicit task. Experiment 2 employed anagram solution as
its implicit task, with recognition as the explicit task.
It was predicted that if anagram solution is a data
driven test and behaves like word fragment and stem
completion, there would be no effect of levels of
processing or age for this task, but that both of these

variables would affect recognition.
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3.2

Experiment 1

Introduction

Young and older adults studied a list of words, half of
which were encoded with respect to a semantic task, half
of which were encoded with respect to a graphemic task.
The semantic task was to produce an associate of the
word. The graphemic task was to produce any two letters
that were not present in the word. All subjects were
then given a word stem completion test, presented as a
filler task, and after that they were given a cued recall

test with word stem cues.

The semantic task used in this experiment involved the
production of an association to the target word rather
than pleasantness ratings (see e.g. Light et al, 1986;
Light and Singh, 1987) since the former task seemed more
ecologically wvalid, particularly for older subjects who
tend to be less used than students to psychology

laboratory techniques.

The Mill Hill Vocabulary test was included (in this and
in the following experiments) partly as a filler task
before the implicit test. More importantly however, it
was used to assess verbal ability as a measure of
intelligence, since it is necessary to establish that any
differences found should be due to age and memory and not

intellectual factors.
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The use of a vocabulary test as a measure of verbal
intelligence is customary in studies of memory and age.
Light, in her laboratory, uses the 40 item vocabulary
subtest of the Shipley-Hartford Institute of Living Scale
(Shipley, 1940) to assess verbal ability, while in
Craik’s laboratory the Mill Hill test is used. Very

often older subjects are shown to be superior to their
younger counterparts on these tests (see eg. Light &
Singh, 1987; Light, Singh & Capps, 1986; Loewen, Shaw &
Craik, 1990) and it is important to note that the words
involved are in current regular use. This is mentioned in
the light of evidence that age related deficits in recall
can be eliminated when the material used benefits the
particular age group being tested. (Barrett & Wright,
1981) . However Rabbitt (1986) has shown that the
correlation between chronological age and Mill Hill score
is close to zero, 1indicating that high scores on the Mill
Hill test should not relate inappropriately to the

beneficial effects of the material involved.

69A



This experiment was thus designed to compare explicit and
implicit memory and age, using word stems as cues and
varying levels of processing at study. Since the same
lists of word stems were used for both the implicit word
stem completion task and explicit cued recall (counter-
balanced for order), a direct comparison could be
achieved between the two types of test in which only the
instructions differed. This comparison was made within
subjects. (This experiment differed from the work of
Light and Singh (1987, Expt. 1; see section 2.2) who
compared word stem completion with free recall and varied
levels of processing between subjects.) Furthermore, the
levels of processing study manipulation acted as a check
to corroborate the explicit/implicit difference between

tests.

Thus it was predicted that younger subjects would
outperform the older adults at cued recall but not
implicit word stem completion. In addition it was
anticipated that the levels of processing effect should

occur only in cued recall.

Method

Subjects

The young group comprised 16 students from City
University in London, with a mean age of 21.7 years
(range = 18-29). The older group comprised 16 volunteers

from day centres near the university, voluntary workers
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from Age Concern, Islington, and members of the
University of the Third Age, all of whom reported
themselves to be healthy and were living in the
community. Their mean age was 72.9 years (range =

67-81 ).

A shortened form of the Mill Hill Multiple Choice
Synonyms tests on which the maximum score is 21 was
administered to assess verbal ability. Mean scores were
similar for both groups; young = 16.1, old = 15.9,

ranges = 12-19 and 4-21 respectively, t < 1. Subjects
were tested individually and were paid for their

participation.

Design and Materials

There were 80 six letter words taken from "The Little
Oxford Dictionary", the stems of which could be used to
form at least 10 words of varying length (e.g. DEFend,
DEFer). These items were handprinted individually on
index cards, which were randomly split into two sets A
and B. Within each of these sets, a further random split
(@) and (b) was made, representing blocks of semantic and
features study tasks, the order of presentation being
balanced across subjects and conditions. Since word stem
completion was presented as a filler task and subjects
were not be alerted to the fact that this task also was a
test of memory, the order of testing was not varied;

subjects always did the word stem completion task
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followed by cued recall, thus test sheet (i) was a word
stem completion test for half of the subjects and test
sheet (ii) for the other half, within each age group.

The test sheets were constructed of 40 word stems each,
20 of which were distractors from the unseen set A or B.
Ten of the target items had been studied using the
semantic orientation task and 10 as the features task.
Thus for both study and test lists, materials were fully
counterbalanced across all other experimental conditions.
The study used a 2 x 2 x 2 factorial design, with the
first variable of age as a between subjects factor, the
other two of task and study orientation, as within

subject variables.

Procedure

Subjects were given blank sheets of paper and pencils,
and the appropriate instruction sheet for the first study
task. They were advised that they would be shown words
on cards presented individually at intervals of about 4/5
seconds, and were to try to retain these items for a
later unspecified memory test. At the same time, they
were to write down an associate to the target word
(semantic orientation task) or any two letters NOT
present in the word being shown (graphemic orientation
task), according to which condition was required of them
first. When both tasks had been completed, (40 words
studied), subjects were told that there would be two more

tasks to be completed before the memory test. One of
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these was the Mill Hill Synonyms test and the other was
the word stem completion test, in which they were asked
to complete all of the stems on the sheet with the first
English word that came to mind that began with those
initial letters and was not a proper noun. Lastly, they
were given the other sheet of word stems, introduced as
the "memory test", and were asked to use these stems as
cues to help remind them of items they saw earlier in the
study period. They were only to fill in those they
remembered, trying not to guess, having been informed
that only half of the stems related to words they had

seen earlier.

Results

The mean probabilities of correct responses for both age
groups according to study orientation and task type are
summarized in Figure 1. These results indicate the
difference in ability of the two age groups, and the
effect of study orientation according to whether explicit

or implicit memory was tested.

The left hand panel of Figure 1 shows word stem
completion rates after subtracting the respective
baseline rates for each set of items in each condition;
the measure of priming. The figures indicates that there
is little difference of age or levels of processing for
this priming measure. However the right hand panel of

the figure shows a difference in ability according to
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ag'e, and a levels of processing effect which is
attenuated for the older group. Baseline rates for the
semantic and graphemic orientation tasks in implicit word
stem completion were .15 and .11 for the young group, and
.12 and .14 for the older subjects. Corresponding
intrusion rates for cued recall were .01, .00, .03 and
.03 respectively. Baseline adjustments have been dealt
with in the literature in several ways. Some authors have
taken one overall baseline figure for nonstudied items
and subtracted this figure from both study conditions

(see eg. McClelland & Pring, 1991) while others (see eg.
Bowers & Schacter, 1990) have obtained an overall
baseline score from a matched though non-participating
group of subjects and subtracted this figure from their
target data. Another method involves subtracting the
baseline probability for each condition, (see eg. Light &

Singh, 1987; Light, Singh & Capps, 1986).

The first method, while simplifying the experimental
design, might be considered less desirable since it
obscures more subtle baseline differences, while the
second method incorporates differences in samples. Thus
the third method was chosen for this experiment, and for
others in the thesis where two study conditions are
involved, since by including targets and baseline
measures separately in the analysis, any influence of the
encoding task on the effect of priming would be revealed

by an interaction with item type.
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The decision of which method to use was a difficult one.
Since implicit scores tend to be lower than those of
explicit tasks, 1t is important that effects should not
become obscured in the analysis. An alternative method
not yet mentioned, would have been to correct each
subject’s score by subtracting their baseline score for
each condition and incorporate these corrected data into
the analysis. However, this would have allowed an
interpretation of a first order interaction only. The
inclusion of target and baseline scores for each subject
in each study condition in the analysis in this
experiment, affords not only the same effect size, but
shows how the first order interaction comes about in

relation to studied and nonstudied differences.

Analyses of variance (ANOVA) were applied separately to
the word stem completion and cued recall data, to include
2 (age, young vs. old) x 2 (orientation, semantic wvs.
graphemic tasks) x 2 (item type, target vs. Dbaseline -
word stem completion only). The 0.05 level of
significance is used throughout this thesis, for all
experiments. Analysis of the word stem completion data
showed that the main effects of age and orientation were
not significant, F < 1 in each case, 1indicating the task
was neither sensitive to the levels of processing
manipulation nor to age, as predicted. However, the main
effect of item type was significant F(1,30) = 60.99, MSe

= 1.67, showing the high level of priming for both age
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groups. The two-way interactions of age x item type and
orientation by item type were not significant, F < 1 in
each case, and neither was the three way interaction of
age x orientation x item type, F < 1, indicating that

priming did not differ reliably with age or orientation.

Analysis of the cued recall data showed significant main
effects of age and orientation, F(1,30) = 5.39, MSe = 5.6
and F(1,30) = 22.7, MSe = 2.65 respectively, reflecting
as predicted, the better ability of the younger adults at
this explicit task and the levels of processing effect.
The interaction between age and levels of processing was
not significant, F(1,30) = 2.86, MSe = 2.65, indicating
that both age groups benefited from the semantic study

condition.

An ANOVA combining the data from both tests with "type of
test" as a factor, was carried out to check on the
conclusions based on the separate analyses. In
particular, the 2 and 3 way interactions of test x item
type and age x test x item type approached significance,
£(1,30)= 3.97, MSe=1.82 and F(1,30)=2.94, MSe=1.82,
respectively. These effects of near significance reflect
differences between target and baselines scores for both
groups, and the superior cued recall scores of the
younger subjects. The 3 way interaction of test x item
type x orientation was significant, F (1,30)=7.19,
MSe=1.41, indicating the effect of the levels of

processing study manipulation for list items only in cued

76a



recall. The 4 way interaction of age x test x item type
X orientation did not reach significance, F (1,30 )=2.85,

MSe=1.41 .

It was decided however,that since data from the implicit
tasks alone have relevant baseline scores (intrusions
rarely occurred in cued and free recall) it would be more
appropriate to continue to analyse the two sets of data

separately for the experiments that follow.

Discussion

The results of this experiment show just how different an
individual’s ability can be, according to whether
explicit or implicit memory is being tested. No
significant effects of age or levels of processing
occurred in word stem completion, yet the effects of both
of these variables were shown in cued recall. This
difference in ability was found in the same sets of
subjects using the same test material; only the

instructions differed.

The younger group outperformed the elderly in cued recall
as predicted, seeming to make better use of the semantic
study condition than the older subjects, although the age
X study orientation interaction failed to reach
significance. As Light and Singh (1987, Expt. 1) pointed
out in their study (which did show a reliable age x
orientation interaction for free recall), this apparent
difference occurred despite the inclusion of a task

intended to assist the deeper elaborative processing of
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the older group. Craik and Simon (1980; see also
section 2.1) had suggested that such an inclusion should
narrow age differences by affording the older group an
enhanced study environment, thereby reducing any
processing resource deficit in the elderly that might
occur. However, the present work, along with that of
Light and Singh, fails to support these ideas. It was
only when subjects were not instructed to use conscious

retrieval that some parity was reached.

The word stem completion task, as predicted, showed no
such differences in ability according to age, and no
sensitivity to the levels of processing study
manipulation. As some amnesic studies have also shown
(e.qg. Graf, Squire and Mandler, 1984; Graf, Shimamura
and Squire, 1985; see also section 1.3), the competence
of two sets of subjects whose abilities at standard
explicit memory tests tend to differ greatly, can become
comparable by the simple exclusion of a request for

explicit memory to be used.

Thus the differential effect of the two types of test
according to age and study manipulation confirm and
extend previous findings of work concerning explicit,
implicit memory and age. (See section 2.2 for a full
review.) The next experiment in this chapter
investigates anagram solution as an implicit test, with
recognition as the explicit counterpart, in a study that

compares age and levels of processing effects.
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3.3

Experiment 2

In this experiment, anagram solution was used as the
implicit task, in order to test the generality of the
types of priming task that do and do not show sensitivity
to the effects of age and levels of processing. Since
the finding of a levels of processing effect suggests

the use of explicit strategies, the lack of such an
effect in anagram solution should indicate that the task
is classifiable as an implicit test. Following from
this, since more implicit than explicit tests tend to
show an age equivalence, it was predicted that there
should be little effect of age in anagram solution, while
the effects of age and levels of processing were expected

to be found in explicit recognition.

Method

Subjects

The young group comprised 16 students at City University,
London, whose mean age was 19 (range = 18-20). The older
group comprised 16 members of the University of the Third
Age, whose mean age was 69.6 (range = 57 - 82). The Mill
Hill Vocabulary test was administered to assess verbal
ability. Mean scores for the older group, 19.24 (range =
15-21) significantly exceeded those of the younger group,
15.44 (range = 11-19), t (30) = 6.33, p < 0.01. All the

subjects in the older group reported being in good
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health. Subjects were tested individually, and they were

paid for their participation.

Design and Materials

The factors were again 2 (age) x 2 (orientation task)

X 2 (item type).

The materials were 80 six letter words taken from
Longman’s Anagram Dictionary, the letters of each of
which as an anagram were ordered alphabetically, each
item having two or more possible solutions. Anagrams
with more than one possible solution were specifically
chosen, to be compatible with word stem completion tasks
and to prevent ceiling effects in highly skilled
subjects. Examples of the anagrams used are:
MARBLE/ABELMR, blamer, ramble, lamber or ESCORT/CEORST,
corset, sector, rectos, scoter. Those words were
randomly divided into equal sets A and B. Study lists

and orienting tasks were presented as in Experiment 1.

There were two alternative test lists for both the
anagram solution test and the recognition test, each
consisting of 40 different items. Within each test, half
the items were from set A and half from set B, so that
for any subject, the test was divided equally into
studied and non-studied items. These non-studied items
provided the baseline measures of priming, and false
alarm rates in recognition. Furthermore, each of the

study list items in each test was divided equally between
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those presented in the semantic task and those presented
in the graphemic task. Thus for both study and test
lists, materials were fully counterbalanced across all
other experimental conditions. However, as 1in the
previous experiment, all subjects took the anagram
solution test before the recognition test, because the
anagram solution test was presented as a filler task

interpolated between study and test sessions.

Procedure

Study lists were again hand printed on separate index
cards and presented at about a 4 s. rate. As in the
previous experiment, subjects were told there would later
be a memory test, the nature of which was not specified.
The study orientation tasks were presented in a similar

manner to that of Experiment 1.

After the study list had been presented, subjects were
told that there were two other tasks to do before the
memory test. The first of these was the Mill Hill
Vocabulary test, the second was the anagram solution
task. The anagram solution task took the form of a three
page booklet in which anagrams were hand printed in
capital letters in a single column, with a space for each
solution next to it. Subjects were told that this was
another task to be completed before they did the memory
test. They were instructed to work through the test, one

item at a time, and that they would be allowed up to 10
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seconds to solve each one. A cardboard mask was used to
cover all the items except the one they were currently
attempting, and they were told not to go back to an item
once they had passed it. In the recognition test, target
and lure items were hand printed in capital letters in
two columns with 20 words in each. Subjects were told
that only half of the items represented words from the
study 1list, and to circle those they recognized as

previously studied items.

Results

The mean probabilities of correct responses for both age
groups according to study orientation and task type are
summarized in Figure 2. The left hand panel of the
figure shows anagram solution after subtracting the
respective baseline rates for each set of items in each
condition; the level of priming. This panel of the
figure indicates that there is little difference of age
or levels of processing for this priming task. The right
hand panel of Figure 2 shows the mean proportions of
correct recognition responses after subtracting false
alarms and indicates a pronounced levels of processing
effect, with little apparent age difference in the
semantic orientation task, but a large one for the
graphemic task. Baseline rates for the semantic and
graphemic orientation tasks in anagram solution were .19
and .15 for the young group and .21 and .24 for the older

group. False alarm rates in recognition for semantic and
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FIGURE 2 EXPERIMENT 2

Probability of Anagram Solution and Recognition

as a Function of Age and Orientation Task

0.9r

Young Old Young Old

Anagram Solution Recognition
BT semantic KSS3 Graphemic

Orientation Orientation
Task Task

82



graphemic orientation tasks for the young group were .07
and .09 while those of the older subjects were .08

and .06.

An analysis of variance (ANOVA) was carried out on each
of the two tasks of anagram solution and recognition to

include 2 (age) x 2 (orientation task) x 2 (item type).

Analysis of the anagram solution data showed the main
effect of age not to be significant, F < 1. Thus age did
not affect this task. There was a significant main
effect of item type, F(1,30) = 11.02, MSe = 2.47,
indicating the effect of priming for this task, but no
significant interaction of age x item type, F < 1, again
indicating little difference in priming ability according
to age. The two way interaction of item type x
orientation was not significant, F < 1, and neither was
the three way interaction of age x item type x
orientation, F(1,30) = 2.64, MSe = 1.31, showing that
this task was neither sensitive to age nor the levels of

processing study manipulation.

An ANOVA carried out on the recognition data, however,
showed significant main effects of age and item type,
F(1,30) = 18.45, MSe = 3.51 and F(1,30) = 330.16, MSe =
2.32 respectively, indicating the large effects of age
and recognition ability. The significant interaction of
age x item type indicates the younger group’s superior
performance for both semantic and graphemically

recognized items, F(1,30) = 23.22, MSe = 2.32.

83



There was a significant interaction of item type x
orientation, F(1,30) = 100.14, MSe = 2.34, showing the
effect of the levels of processing study manipulation.
The three way interaction of age x item type x
orientation failed to reach significance, F(1,30) = 2.09,
MSe = 2.34, showing the effect of levels of processing

occurred for both groups.

Discussion

These results support and extend the generality of
previous studies in which elderly subjects have shown
preserved memory function in certain implicit tests (see
section 2.2 for a review). Although anagram solution has
been used in previous work concerning implicit memory
(e.g. Dominowski and Ekstrand, 1967; Gardiner et al,
1989; Jablonski and Mueller, 1972; Perruchet and Baveux,
1989; see also section 2.3), this 1s the first time the
task has been used in research on aging. The present
study shows that anagram solution behaves rather like
word stem and fragment completion and perceptual
identification in that it is insensitive to the effects
of both age and levels of processing study manipulations.
By not being sensitive to the conceptually driven
component of this study manipulation, the test shows
itself to be classifiable as a data driven implicit test,

according to the criteria of Roediger et al (1989) and
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Srinivas and Roedig'er (1990; see also Gardiner et al,

1989; and section 1.4).

Performance in the recognition test was wvulnerable to the
effects of age, a finding that is in accordance with
other work on recognition and aging in which reliable age
differences have tended to be obtained (for a review, see
Burke and Light, 1981; also section 2.2). While the
younger group outperformed the older group in both
semantic and graphemic orientation tasks, and the levels
of processing effect was produced as anticipated, the
older group’s ability at the graphemic study task was
particularly low. One possible reason for this is that
this particular orienting task may on this occasion have
prevented older subjects from conceptually encoding items

with this orientation.

This experiment has thus shown an anagram solution task
to be effective as an implicit test which involves a
large data driven component, since it is neither
sensitive to a levels of processing study manipulation
nor the effect of age. This employment of anagram
solution in a study of aging extends and further tests
the generality of previous studies using word fragment
and stem completion and perceptual identification (e.g.
Light and Singh, 1987; Light, Singh and Capps, 1986; see
also section 2.2) which illustrate preserved implicit

memory function in the elderly.
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General Discussion

Experiment 1 showed that a simple alteration in test
instruction could produce divergent results in an
apparently similar task involving word stems. Levels of
processing were manipulated at study, and the
instructions either to complete the stems with the first
word that came to mind, or to use the stems as cues to
remind subjects of study list items, show the
disappearance or appearance of the levels of processing
effect, respectively. Additionally, the former test
instruction effected no age differences while the latter

showed an effect of age.

Thus the first experiment in this chapter has extended
and developed the work of Light and Singh (1987, Expt. 1;
see section 2.2), showing in this case, how the same sets
of subjects, using the same study and test material,
produced startlingly different effects in implicit and

explicit memory tests.

Experiment 2 compared anagram solution and recognition as
the implicit and explicit tasks. Levels of processing
were again included as a check that explicit strategies
were not being used in this new task, and indeed no
effect was shown. Thus the purpose of this experiment,
to employ anagram solution as a further implicit memory
task to see whether the test could be included among the
others that illustrate preserved implicit memory function

of older adults, was fulfilled.
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Furthermore, since both age groups in this second
experiment showed similar priming effects and no effects
of levels of processing in anagram solution, as in the
word stem completion of Experiment 1, support can thus be
given to the proposal that anagram solution can be
classified as a data driven test (see e.g. Roediger et
al, 1989; Srinivas and Roediger 1990; Gardiner et al,

1989; and section 1.4).

The following chapter further investigates the
classification of implicit memory tests manipulating read

and generate at study and comparing age.
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CHAPTER 4

TEST CLASSIFICATION AND TEST AWARENESS
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4.1

Introduction

This chapter describes three experiments that further
investigated implicit, explicit memory and age, by

varying read and generate at study and evaluating the
effect of this variation on the tasks in terms of test

classification.

Each of the experiments used word stem completion as the
implicit task, with free recall as the explicit
counterparts in Experiments 3 and 4. Jacoby (1983);
Blaxton (1985, Expt 1; 1989); Roediger and Blaxton (1987;
see also section 1.5) showed that when the study
condition of items generated from a contextual cue, read
with a contextual cue or read alone, were manipulated
(e.g. HOT XXX, HOT/COLD, COLD) explicit tasks were
facilitated by the generate condition, while implicit
tasks such as perceptual identification and word fragment
completion reflected the non-context, read only
condition. Thus a reverse of the traditional generation
effect (Slamecka and Graf, 1978) was shown in the
implicit memory tasks. Thus by including read and
generate at study in the experiments in this chapter, it
was intended to generalize and further extend the work of
Jacoby, Blaxton and Roediger and Blaxton to a word stem
completion task, and to see how these processes were

affected by age.

The results of Experiment 1 (section 3.2) showed that the

implicit word stem completion task might be classifiable
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as a data driven test, since it was not sensitive to the
effects of a levels of processing study manipulation.
Roediger et al (1989; see section 1.4) suggested that the
effect of a superiority of items read over those
generated, operationally defines a data driven test,
while the traditional generation effect operationally
defines a conceptual test. Since Experiment 3 which
manipulated read and generate at study, used word stem
completion and free recall as the implicit and explicit
memory tests, it was predicted that the implicit task
should show little effect of age while the explicit task
should show the effect of this wvariable. Furthermore, if
word stem completion does contain a large data driven
component, there should be a significantly greater number
of read items completed than those generated. It was
also predicted therefore that if free recall is
classifiable as a conceptually driven test, there should
be a greater number of generated items recalled than

read, as well as an effect of age.

Experiment 4, like its predecessor, varied read and
generate at study in a word stem completion test, but
this time embeds the target word stems to be completed
within a set of other verbal tasks in a "verbal skills"
test, 1in order to disguise the task of interest. The aim
of this experiment was to hide the word stems within a
greater verbal skills test, thereby disarming subjects
who might otherwise have noticed the relationship between

study and test items, and decide to use methods other
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than those instructed. This embedded task was designed
to deter younger subjects from using explicit strategies
likely to be less available to the elderly, and reduce
the effect of age for this implicit task. Mitchell
(1989) and Light and Singh (1987) noted that although age
differences in many tests of implicit memory tend not to
be significant, these differences are nonetheless in
existence and could be due to the aforementioned

reasons. It was predicted therefore that in

Experiment 4, the implicit task should show an effect of
read superiority and no significant effect of age. The
endeavour to render the task genuinely implicit should
effect an even smaller age difference than in
Experiments 1 and 3 which also used word stem completion
as the implicit tasks. Explicit free recall should show

effects both of generation and age.

The aim of Experiment 5 was to compare two word stem
completion tasks. One of the tasks followed the
straightforward format of those word stem completion
tests used in Experiments 1 and 3, while the other
utilized the embedded verbal skills test list of
Experiment 4. By questioning subjects as to their
awareness of the purpose of the task of interest in each
case, as Bowers and Schacter did (1990; see section 1.6;
also Experiment 5 below for the specific questions), it
was proposed to examine the variables of read and

generate and age in the light of whether subjects
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reported themselves to have been "aware” or "unaware"

during the test procedure.

In an implicit word fragment completion test, Blaxton
(1985, Expt 1; 1989; and Roediger and Blaxton, 1987; see
also section 1.5) showed an effect of read superiority
over items generated at study, while in an explicit
graphemic cued recall test, this effect seemed to be
slightly less pronounced. Therefore it was predicted
that in Experiment 5, the word stem completion tests as
data driven tests like those of Blaxton above, should
show a greater effect of read superiority for "unaware"
than "aware" subjects, reflecting implicitness and
explicitness, respectively. Similarly, there should be
an age difference between "aware" subjects as would be
anticipated in a test that has become explicit in nature.
The embedded task should show fewer "aware" than
"unaware" subjects due to the disguise of the study’s

purpose.
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Experiment 3

Introduction

0ld and younger subjects studied a list of words, half of
which were generated, half read. The generate task
entailed reading a semantic clue, and gave the initial
letter of the target word which was provided to guarantee
that subjects produced the designated target. The clue
was either a descriptive phrase or the opposite of the
target word. In the read condition, subjects simply read
the target word, presented alone, in the absence of any
semantic context. After finishing the study list, all
subjects were given a word stem completion test,
presented as a filler task, then a test of free recall.
This constant test order, 1like that of Experiment 1, was
designed to divert subjects’ attention away from treating

the word stem completion test as a memory test.

Method

Subjects

The young group comprised a further 16 students from City
University in London, wlith a mean age of 20.8 years

(range = 18 - 30) and a mean Mill Hill test score of

15.8 (range = 13 - 19). The older group comprised

16 volunteers, mostly members of the University of the
Third Age, all of whom reported themselves to be healthy,

and were all living in the community. Their mean age was
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70.1 years (range = 62 - 87) and mean Mill Hill score,

17.88 (range = 13 - 21), this latter set of scores being
significantly higher than those of the young group, t(30)
= 2.86, p < 0.01. Subjects were tested individually and

paid for their participation.

Design and Materials

The design was largely the same as Experiment 1 but 31 of
the 80 items were exchanged for others considered to be
more suitable for generating within the 4/5 sec. time
interval. Once again, the 80 items were split into two
sets A and B, from which a further subset a and b was
presented either as Read or Generate, balanced across
subjects and conditions. Read and Generate items were
presented within a random mixed list of 40 items. The
word stem completion test sheets were as Experiment 1,
but of course included the new target words. The order
of testing was unchanged, the word stem completion test
now preceding one of free recall. However since this
experiment used free recall as the explicit task rather
than cued recall as before, there were twice as many

possible items to be recalled as completed.

Procedure

Subjects were told that they would be shown a set of
40 index cards on which was printed either a clue and the

initial letter of a one word answer (the generate
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condition), e.g. a reddish, yellow, citrus fruit: O,
or just one word alone (the read condition), e.g. ORANGE.
In the case of the former, they were to read the clue
silently to themselves, and the target word aloud; for
the latter, they were to read the presented word aloud.
They were instructed in both cases to try to retain these
target items for a later unspecified memory test. The
Mill Hill Synonyms test was followed by the word stem
completion task. The free recall test followed in which
subjects were given a blank sheet of paper on which to
write down any of the original target items they could

recall, in any order.

Results

Figure 3 shows the mean probabilities of correct
responses for both groups according to study presentation
and task type. The left hand side of the figure
summarizes the data for the implicit task as baseline
probabilities subtracted from target completions. It can
be seen from the figure that for both groups, items in
the read condition were more readily produced than those
generated. The mean proportion completed by the older
group was only 0.04 lower than those of the young group
in the read condition with an overall difference of only
0.06 between the two groups. However the right hand side
of Figure 3 shows that the pattern of results for free
recall was reversed, as predicted, with higher scores for

the generate condition for both groups, the younger group
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FIGURE 3 EXPERIMENT 3

Probability of Word Stem Completion and Free Recall

as a Function of Age and Presentation
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showing a greater ability at this task, and the older
group showing less of an advantage for the generate study
condition. These free recall data relate to overall free
recall scores pooled over both previously tested and
untested words, since few previously untested words were
recalled. Mean probabilities of previously untested
words for Read and Generate conditions were .02 and .08
for the young adults and .02 and .04 for the older

subjects.

Analyses of variance (ANOVAs) were applied separately to
word stem completion and free recall data. Analysis of
the word stem completion data included 2 (age) x 2 (mode
of presentation, read or generate) x 2 (item type) with

repeated measures on the last two factors.

As predicted, there was no significant main effect of
age, F(1,30) = 2.46, MSe = 2.86. The main effect of
presentation and interaction of age x presentation were
likewise not significant, F < 1 in each case. However
the main effect of item type was significant, F(1,30) =
105.32, MSe = 1.58, revealing the high level of priming
for both groups. The interaction of age x item type was
not significant, F(1,30) = 1.60, MSe = 1.58, indicating
once again, a lack of age differences in this priming
task. The interaction of presentation x item type was
significant, F(1,30) = 5.25, MSe = 1.34, reflecting the

difference between read and generate for study list items
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only, while the three way interaction of age x
presentation x item type was not significant, F < 1,

since age made no difference on this task.

Analysis of the free recall data included 2 (age) x 2
(mode of presentation) with repeated measures on the
second factor. There were significant main effects of
age and presentation for this explicit task, F(1,30) =
15.24, MSe = 3.22, F(1,30) = 11.72, MSe = 7.56,
respectively showing the difference in age and the effect
of generation for this task. The interaction of age x
mode of presentation was not significant, F(1,30) = 2.10,
MSe = 2.61, reflecting the advantage afforded by the

generate study condition to both age groups.

Discussion

While it has again been shown that age differences
produced in an explicit task involving conscious
retrieval decrease when an implicit task is performed by
the same group of individuals, it was further shown that
in the word stem completion task, items read facilitated
better completion than those generated, for both age

groups.

In free recall, both groups produced the anticipated
generation effect, although the older group’s generate
scores appeared to be somewhat attenuated. McFarland,
Warren and Crockard (1985) studied the effect of

generation and age in a free recall test and found that
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it was only after the older group had completed 2 to 3
trials that the generation effect became apparent.
Nevertheless, older tend to show generation effects in
recognition (see e.g. Johnson, Schmitt and Pietrukowicz,
1989; McFarland et al, 1985; Rabinowitz, 1989; and cued
recall (Mitchell, Hunt and Schmitt, 1986). It should be
noted however that the older group in this study produced
extremely low scores for this task. The previous studies
mentioned above that involve generation effects in young
and older adults have followed the procedure of Slamecka
and Graf (1978) in which the semantic clue is presented
in both read and generate conditions. This differs from
the present procedure which was adopted because it
provides the strongest contrast between data and
conceptually driven processing. These two extreme
conditions were chosen in order to determine whether or
not word stem completion can be classified as a data
driven task according to the criteria developed by
Roediger et al (1989). The results are quite clear in
this respect: both elderly and young adults showed higher
levels of priming for items read than for those
generated, a reversal of the generation effect found in
free recall. Thus word stem completion can be added to
other tests that, by these same criteria, may be

classified as being data driven.
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Experiment 4 that follows, again varies read and generate
at study, 1in an age related comparison of a word stem
completion test designed to disguise the purpose of the

task, and free recall.

This might be a suitable point to discuss the
implications of balancing the order of task procedure.

In Experiments 1 to 3 inclusive, the implicit task was
carried out first so that subjects would be less likely
to realise that that task was a test of their memory for
study words. However, 1t was decided to alternate the
order of testing in future experiments, so that
conclusions about differences between implicit and
explicit memory should not be confounded by the order in

which the tests were taken.
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4.3

Experiment 4

Introduction

The results of the previous experiment, the work in the
previous chapter, as well as that of Light and her
colleagues (Light et al, 1986; Light and Singh, 1987) has
shown that while these implicit tests tend not to show a
significant effect of age, the older groups do tend to
perform at a slightly lower level. This disparity
possibly could be due to the younger groups employing
explicit strategies in the word stem completion test to a
greater extent than the older subjects since, despite the
fact that they have not been asked to do so, they might
realize the relationship between the test stems and study
items and decide to perform the test in a different

manner from that instructed.

In an endeavour to overcome this possibility, this
experiment was designed so that the target task should be
disguised, and it was thus embedded among other verbal
tasks in a single "Verbal Skills Test". Since this test
was also planned to be of use in a later experiment
(Expt. 6, see section 5.2), to conceal a word association
task, it was decided to include conceptually driven types
of tasks as well as data driven ones. Subjects either
read or generated items at study, since the effects of
these variables on word stem completion and free recall
have already been shown in Experiment 3 and also extend

the findings of Blaxton (1985 Expt. 1, 1989; Roediger and
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Blaxton, 1987) with word fragment completion. Thus this
test involved word stem completion like Experiments 1 and
3, but this test was embedded within the general context
of a set of questions, half of which called upon data
driven processing and involved anagrams and word
fragments, and half used conceptually driven processing;

involving antonyms and category exemplars.

The explicit task was a free recall test. Subjects were

given a blank sheet of paper on which to write down items
they could recall from the study list in any order. Half
of the subjects were given the implicit test first, while

the other half did the explicit free recall test first.

Subjects

There were 16 subjects in each group. The young group
were all students at City University, London, with a mean
age of 21.9 years (range = 18-32) and a mean Mill Hill
score of 15.8 (range = 12-18). The older group were
recruited mostly from the University of the Third Age in
London and had a mean age of 68.9 years (range = 61-79),
their mean Mill Hill score being 19.1 (range = 14-21).
The Mill Hill scores for the older group were
significantly above those of the younger group, t(30) =

6.3, p < 0.05.

Design, Materials and Procedure

The target words used for this experiment were from the
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same pool of 80 used in Experiment 3. It was decided to
use only half the number of words this time, in an
attempt to elevate the elderly subjects’ ability in the
explicit test, so that any effect of generation might be
more clearly shown. Thus a set of 40, six letter nouns
was split into sub-sets A and B. Each word was presented
on an index card in either the Read or in the Generate
condition exactly as Experiment 3, at approximately a

4 sec. rate. Again read and generate items were
presented in a mixed list in a new random order for each
subject. Subjects in the read condition were to read the
target words aloud, while in the generate condition they
were asked to read the semantic clue first silently to
themselves, and then say the target item aloud as in
Experiment 3. The presentation of read and generated
items was reversed so that half of each subject group

processed them in their opposite form.

The implicit test took the form of a verbal skills list
which contained five different types of test item:
antonyms, category exemplars, anagrams, word fragments
and the essential word stem completion task. These were
presented in a constant random order in the form of a
nine page booklet with approximately ten questions per
page. Subjects covered each page with a cardboard mask
so that only the current question could be viewed. They
were told that they had a maximum of ten seconds per
question, but that they could move on to the next one as

soon as an earlier one had been dealt with. They were
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instructed not to go back to an item once they had passed

it.

For free recall, subjects were asked to write down all of
the items they could recall from the study list, in any
order. The order of the two tests was counterbalanced so
that half of the subjects in each age group carried out
the verbal skills test first, the other half being tested

for free recall first.

Results

Figure 4 shows the mean probabilities of correct
responses for both groups according to study presentation
and age. The left hand side of the figure summarizes the
word stem completion data in the verbal skills 1list for
the two age groups. As in the previous experiments,
these data refer to priming as calculated by subtracting
baseline probabilities from target completions. Baseline
rates for read and generate for the verbal skills test
were .19 and .13 for the young and .2 and .16 for the
older subjects, respectively. The right hand side

Figure 4 shows the free recall data for the same groups.
This time a large generation effect is indicated for the
young subjects with an apparently reduced effect for

older subjects.

The data were subjected to separate analyses of variance.
Looking first at the word stem completion data, there was

no significant effect of age, F < 1, but there was a
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Probability of Completion

FIGURE 4 EXPERIMENT 4

Probability of Embedded Word Stem Completion and Free

Recall as a Function of Age and Presentation
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large effect of item type, F(1,30) = 28.4, MSe = 1.89,
indicating the high level of priming. The two way
interaction of item type x mode of presentation was not
significant, F < 1, confirming that in this embedded
priming task, the read superiority effect obtained in
Experiment 3 was lost. The three way interaction of age
X item type x mode of presentation also failed to reach
significance, F < 1, showing that neither priming nor the
read vs. generate study manipulation were affected by

age .

A separate analysis of the free recall data indicated
that the main effect of age, F(1,30) = 2.2, MSe = 3.8,
was not quite significant, but there was a significant
interaction between age and mode of presentation, F(1,30)
= 7.07, MSe = 1.6, showing that on this occasion the
generation effect was more pronounced for the younger

group.

The data were subjected to further analysis to see
whether there was an effect of test order. No

significant main effects or interactions were found.

Discussion

This experiment comparing an embedded word stem
completion task with free recall has shown that age is
not a potent factor in this form of word stem completion,
as in the straightforward tests of Experiments 1 and 3.

However the effect of read superiority shown in the
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previous experiment disappeared when the test
presentation was altered to this new form. There was no
significant age difference for free recall either,
possibly as a result of reducing the number of study
items. Moreover, the interaction between age and mode of
presentation indicated the lower generation scores of the
older group. Indeed, as already mentioned (see
discussion, section 4.2) McFarland et al (1985) showed
that initial free learning trials do not always reveal an

effect of generation in older adults.

The introduction of a task specifically designed to
disguise the target word stem completions and decrease
the possibility of the use of explicit strategies, did
show a lower performance of the younger group compared to
the more overt test of Experiment 3. Priming
probabilities for read and generate conditions for the
young group 1in the present study were .15 and .12
respectively while those in Experiment 3 were .30 and

.22. However, this conclusion must be treated with
caution, since different subjects were used in each

study.

The most important finding was that in this embedded word
stem completion task, the read superiority effect
disappeared. The inference that this occurred as a
direct result of precluding explicit strategies makes
previous findings both in this (Section 4.2) and other

work that has shown the effect of read superiority in
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implicit memory (see Blaxton, 1985, Expt. 1; 1989;
Roediger and Blaxton, 1987; see also sections 1.4 and
1.6) somewhat enigmatic. Blaxton’s explicit graphemic
cued recall test (chopper/copper) did show a greater
effect of items studied with no context (read) as opposed
to generated items, but her implicit word fragment
completion test showed an even greater read superiority
effect, thereby implying that the larger read advantage
is a phenomenon of implicit memory. However, Blaxton
made no attempt to disguise the nature of her test. It
should be noted however, that the effect of varying read
and generate does seem to be rather volatile. Gardiner,
Dawson and Sutton (1989; see also section 1.6) showed
that an implicit word fragment completion test could
produce a generation effect when items at test and study
matched exactly. McClelland and Pring (1991) while
reproducing the read superiority effect in word stem
completion when material was presented visually at both
study and test (Expt. 1) showed the effect’s
disappearance for cross modal priming, that is, when word
stem completion was presented auditorily. According to
Roediger et al (1989; see also sections 1.4 and 1.6) a
test that shows the effect of read superiority can be
classified as data driven, and thus the word stem
completion test as presented in Experiment 3 can be said
to be data driven. However, the lack of the read
superiority effect in the present embedded task, a task

that embeds the very same word stem completions, suggests
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that this classification can no longer be applied. The
findings of the aforementioned work by Gardiner and his
colleagues and McClelland and Pring suggest that it is
important to be aware of the part played by the match of
study and test procedures. It 1is possible that the
competing data driven and conceptually driven strategies
of the tasks surrounding the word stem completion task

precluded the appearance of the read superiority effect.

The final experiment in this chapter investigates
similarities and differences found between the two word
stem completion tasks used in Experiments 3 and 4. While
both the straightforward and embedded word stem
completion tasks have been shown to produce priming
unaffected by age relative to explicit free recall tests,
the task used in Experiment 3 produced the read
superiority effect while that of Experiment 4 did not.
Thus Experiment 5 directly compares the two types of word
stem completion task in an age related study that varies
read and generate, seeking to tease out the part played
by conscious awareness in the appearance and
disappearance of the effect of read superiority, by
questioning subjects immediately after the completion of
each test about their awareness of the relationship
between test and study material. A post hoc comparison
of "aware" and "unaware" read and generate scores should
provide the answer to the implicit or explicit nature of

the read superiority effect.
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Experiment 5

Introduction

This experiment compared performance in two word stem
completion tests in a study of implicit memory and age.
One test used the straightforward format of a list of
word stems for completion as Experiment 3, while the
other was presented as the "Verbal Skills" test of
Experiment 4. The study task of items to be read or
generated was conducted as an incidental memory test,
since it was presented as the first in a set of four

tasks concerning verbal skills.

It was predicted that there should be no significant age
difference in priming, and that priming between the two
groups should be even closer together for unaware
subjects who were thus less likely to be using explicit
strategies. If the read superiority effect shown by
Blaxton i1s an implicit memory phenomenon, then by asking
subjects immediately after each test the four qguestions
that Bowers and Schacter (1990) used to denote the
difference between test "aware" and "unaware" subjects,
read superiority should be effected in "unaware" subjects
only, for both age groups in both tests. However, since
Blaxton’s experiment like that of Experiment 3 in this
thesis, made no attempt to disguise the word stem
completion task, the effect could be considered to be
related to tests in which explicit strategies may have

been used. The disappearance of the read superiority
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effect in the verbal skills test of Experiment 4 further
supports this latter case. Thus a pronounced read effect
for unaware subjects in either test would substantiate

this possibility.

Subjects

The young group comprised 14 people from the local
community who were members of the administrative staff
of City University or friends of the Experimenter,

and 2 City University students, whose mean age was

25.2 years (range = 19 - 32). The older group comprised
16 volunteers, some of whom were members of the
University of the Third Age, whose mean age was

70.3 years (range = 61 - 81). All of the elderly adults
reported being in good health. The Mill Hill vocabulary
test was administered to assess verbal ability, the mean
score for the young group being 15.1 (range 13 - 18) and
the old group, 17.6 (range = 10 - 21). This latter score
significantly exceeded that of the young group,

£t (30) = 3.03.

Subjects were tested individually and they were paid for

their participation.

Design, Materials and Procedure

The words used and the design of the experiment was

similar to Experiments 3 and 4, except that items were
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divided and counterbalanced between the embedded and non-
embedded tests rather than between word stem completion
and cued recall. The order of testing was counter-
balanced so that half the subjects in each age group
received the straightforward test first and the verbal
skills test second, while the other half of the subjects
were presented with these tests in the opposite order.
The factors were age (young versus old), mode of
presentation (read vs. generate) and test
(straightforward vs. embedded word stem completion).
Mode of presentation and test were within subjects
factors in the word stem completion task. Subjects were
instructed to word quickly down each column and complete
each word stem in turn with the first English word that
came to mind that was not a proper noun. For the wverbal
skills test, subjects were given the cardboard mask and
instructions were generally as for Experiment 4. After
each of the tests had been completed, subjects were asked
the same four questions. The first question asked what
they thought was the purpose of the test, and the second
asked what strategy they had used in completing the word
stems. Question 3 asked whether they noticed any
relationship between the words seen earlier on the cards
and those in the stem completion test, and the last
question asked if they noticed that they had completed
any of the stems as words seen on the original list.

These questions were posed orally.
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Results

The results of both tests are summarized in Figure 5.
These are the mean probabilities of primed responses
under the read and generate conditions for both age
groups. That is, the figure shows completion rates after
subtracting the appropriate baseline completion rates for
each set of items in each experimental condition.

Baseline rates of read and generate for the young group
in verbal skills and word stem completion were .20, .18,
.16 and .16 respectively. Those of the older group were

.19, .13, .19, .19.

The left hand side of Figure 5 indicates that the young
group produced greater priming for items read rather than
generated in word stem completion, while no such effect
occurred in the verbal skills test. (This result for the
embedded task is rather similar to that of Experiment 4,
read and generate probabilities for the young group being
.15 and .12 respectively, and .10 and .15 for the older
group.) The right-hand panel of Figure 5 shows that the
older group had no effect of read superiority for either
test. The verbal skills 1list indicates an advantage of
items generated at study. The younger group appears also
to have outperformed the older group overall. A post hoc

median split analysis of the older group’s verbal skills
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FIGURE 5 - EXPERIMENT 5

Probability of Completion in Embedded and Non-Embedded

Tasks as a Function of Age and Presentation

Probability of Completion
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data showed that the 8 highest scoring subjects’ read and
generate probabilities were .21 and .20, indicating that
the apparent effect of generation relates to the

generally rather low level of performance.

The above data were subjected to separate analyses of
variance, and the factors were 2 (age) x 2 (mode of
presentation) x 2 (item type) 1in each case. An ANOVA
carried out on the non-embedded word stem completion data
for both groups showed the main effect of age to be
approaching significance, F(1,30) = 3.36, MSe = 2.32.

The main effect of item type was significant, F(1,30) =
36.82, MSe = 2.21, while the 2 way interaction of mode of
presentation x item type approached significance, F(1,30)
= 3.01, MSe = 1.76, this near interaction indicating the
closeness to an effect of greater priming for items read
rather than generated. The 3 way interaction of age x
mode of presentation x item type failed to reach
significance, F(1,30) = 1.14, MSe = 1.76, reflecting the
lack of the read superiority effect for the older group

at this word stem completion task.

A similar analysis of the verbal skills test data shows
significant main effects of both age and item type,
F(1,30) - 6.75, MSe = 1.19 and F(1,30) = 58.03, MSe = 1.1
respectively, indicating the better overall ability of
the young group for this embedded word stem completion
task, and the effect of priming. The interaction of age

x item type approached significance, F(1,30) = 3.18,
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MSe = 1.19, reflecting the poor ability of the older
group at this task. The interactions of item type x mode
of presentation and age x item type x mode of
presentation did not reach significance, F < 1 in each
case. Thus, there was no difference for primed items
under either read or generate study conditions for either

age group in this embedded task.

The experiment was designed so that the order of
presentation of the two priming tasks was counter-
balanced, and unfortunately, significant effects of
order were found such that the young group’s verbal
skills test data, but not that of the older group, showed
a significant 3 way interaction of order x item type x
mode of presentation, F (1,14) = 9.04, MSe = 3.66,
indicating for those subjects who did the wverbal skills
test before word stem completion a pronounced effect of
read superiority. Those who carried out the verbal
skills test after word stem completion showed a high
level of priming for items generated at study. Thus the
data concerning word stem completion for both sets of
subjects and the wverbal skills test for the older group

are the ones that can be considered with interest.

Table 1 shows a comparison of the tasks and groups for
test awareness. Among the young group, while there was
an overall read effect for all subjects in word stem
completion, there appears to be a greater read

superiority effect for unaware subjects (N = 7).
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However, 1in the verbal skills test, only those subjects
in the young group who were unaware showed the effect of
read superiority at all (N = 8). The older group’s
"aware" subjects (N = 6) showed an apparent effect of
generate superiority over read in the wverbal skills test,
while the remaining sections of this group’s data
indicate little effect of either wvariable. There appears
to be a greater age difference between aware subjects
than those unaware for the verbal skills test, but no
apparent difference in age or awareness 1in the word stem

completion task.

Table 2 compares awareness and age collapsed across the
read and generate conditions. This shows that for both
tests, young aware subjects had the higher scores, with
the greatest apparent age difference occurring for the

aware subjects in the verbal skills test.

The data in these tables were not subjected to ANOVAs
since the post hoc designation of subjects to aware and
unaware groups does not allow this factor to be treated
as an experimentally manipulated variable. While Bowers
and Schacter (1990) carried out a non parametric test of
two proportions (Bennett and Franklin, 1954), the large
number of within subject variables for the number of
subjects in the present experiment precluded statistical
analysis. Thus the data have been discussed

descriptively rather than analytically.
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TABLE 1

RESPONSE PROBABILITIES FOR TASK TYPE, TEST AWARENESS AND

PRESENTATION
Verbal Skills List Word Stem Completion
Aware Unaware Aware Unaware

Read Generate Read Generate Read Generate Read Generate

Young .19 & .20 .10 .24 .15 .24 .07
0ld .02 .18 .10 .14 20 .13 11 .13
TABLE 2

RESPONSE PROBABILITIES FOR TASK TYPE AND TEST AWARENESS

Verbal Skills List Word Stem Completion

Aware Unaware Aware Unaware
Young .22 .15 .20 .16
0ld .10 .12 .17 .12
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Discussion

This experiment that compared two word stem completion
tasks, one of which was disguised in an endeavour to
ensure the implicitness of the test, has revealed some
interesting findings. Firstly, the straightforward word
stem completion task that has throughout the series of
experiments in this thesis, 1like those of Light and Singh
(1987, see section 2.2), shown the relatively preserved
capacity of the elderly, this time showed an effect of
age that approached significance. The embedded test did
show a significant age difference. However, Howard
(1968; see also section 2.2) showed that target items
embedded within a sentence at study, afforded a
significant age difference in word stem completion, and
Chiarello and Hoyer (1988; see section 2.2) found that
under some conditions, younger subjects still
outperformed the elderly in implicit word stem
completion. Therefore the finding of a relatively
preserved facility of the elderly for this kind of task
is not always reliable. Indeed, as pointed out in
Section 4.1, both Mitchell (1989) and Light and Singh
(1967) noted small but non significant age differences in

their implicit memory tests.

A second important finding was that although one test was
designed to disguise the task of interest, while the
other was not, 1in both tests approximately half of each

subject group reported themselves to be "aware". Insofar
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as the prediction that "unaware" subjects in the two age
groups would perform more similarly, greater evidence for
this finding occurred in the verbal skills data, in which
the younger group’s "aware" scores appeared to be
superior to that of the older group and those of both

"unaware" groups.

In this experiment, subjects were asked the same four
questions posed by Bowers and Schacter (1990; see section
1.6), set to discover who was aware of the relationship
between test and study items. While approximately half
of each age group claimed to be "unaware" for each type
of test, it is possible that some of the older subjects
were susceptible to a response bias with regard to these
questions. That is, asking them whether they noticed a
relationship between test and study material may have
primed subjects to report themselves to be "aware" in
order not to appear foolish when in fact they may have
been "unaware". Indeed, as Bowers and Schacter (1990)
suggested, it might be better to inform subjects of the
possibility of a relationship between some of the test
items with study items, as Tulving et al (1982) did,
since they might alter their mode of operation to comply

with what they think is being required of them.

Nonetheless, as Schacter et al (1990) pointed out, the
indication of awareness by a subject does not necessarily

mean that s/he was aware for every tested item.
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A third aim of this experiment was to investigate the
behaviour of the variable read and generate according to
awareness and age. Within this one study it has been
shown that the read superiority effect occurred only in
straightforward word stem completion and not in the
verbal skills test, thus replicating the combined
findings of the previous two experiments in this chapter.
The finding of an enhanced read effect in the undisguised
test seems to indicate that the phenomenon may be related
to the use of explicit strategies, contrary to the
findings of Blaxton and her colleagues (Section 1.4), vyet
further examination of the present undisguised word stem
completion task reveals that while the read superiority
effect did occur for both aware and unaware groups, it
was the unaware group that appeared to show a greater
effect of this wvariable, rather 1like Blaxton’s findings
between implicit word stem completion and explicit
graphemic cued recall. The order effect in the young
group’s verbal skills test precludes further scrutiny of
this test, as does the lack of read superiority by the

older group.

With hindsight, a between subjects design might have been
more appropriate for this experiment, in anticipation of
a problem with order of testing. Such a design, though
costly in terms of subject numbers, should have overcome
this difficulty, and allowed the statistical analysis

between awareness and items read or generated at study.
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There 1is a possibility that in this experiment, in the
verbal skills test, the "disappearance" of the read
superiority effect originally shown in Experiment 3,
might thus have been due to the order in which the two
tests were taken. Nevertheless, the results of Experiment
4 similarly showed no effect of read superiority, and no

significant effect of order was found on that occasion.

A further experiment involving' a non embedded word stem
completion task alone, was conducted with another group
of City University students, and again showed the effect
of higher scores for items read over those generated, but
questioning regarding awareness yielded only four
subjects unaware, too few a number to consider in a

comparison of aware versus unaware subjects.
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4.5

General Discussion

This chapter described three experiments that sought to
investigate test classification, using word stem
completion as the implicit test and varying read and

generate at study.

The results of the first experiment strongly suggested
that word stem completion could be classified as a data
driven test, since an effect of read superiority, the
reverse of the generation effect, was shown (see e.g.
Roediger et al, 1989; also section 1.4). In free recall,
the traditional generation effect was produced, thus
illustrating this test’s large conceptually driven
component. Since little effect of age was shown in the
implicit test and an effect of age in the explicit test,
this experiment further extends and generalizes previous
work that has shown these differential results (see e.q.
Light, Singh and Capps, 1986; Light and Singh, 1987; also

section 2.2).

The second of these three experiments sought to overcome
the effects of contamination by the possible use of
explicit strategies in a test assumed to be implicit, by
embedding the same word stem completion task as used in
the previous chapters, within a set of other tasks. On
this occasion the read superiority effect was lost, while
a generation effect was produced in free recall by the
same sets of subjects. This result suggests that the

read superiority effect might be a data driven explicit
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phenomenon, since an attempt was made to disguise the

purpose of the word stem completion test.

The third experiment directly compared the two types of
word stem completion task, one straightforward, the other
embedded. Young and older subjects were questioned after
completion of each test as to their awareness of the
study’s purpose. This form of gquestioning rendered
approximately 50% of each subject group "aware" and
"unaware" for each of the two tests. (See e.g'. Bowers
and Schacter, 1990; Schacter et al, 1990; also section
1.6). However although the effect of read superiority in
straightforward word stem completion and its
disappearance in embedded word stem completion replicated
the findings of the first two experiments in this

chapter, further investigation of test awareness by
applying Bowers and Schacter’s, Schacter et al’s

questions was unsuccessful.

Thus it has been shown in this last experiment that
attempts to manipulate awareness by disguising the test
did not lead to the expected differences in awareness as
measured by Schacter and his colleagues. It is suggested
therefore that the usefulness of these criteria may well
be limited, one reason being the possibility of this
direct form of questioning resulting in a response bias
whereby subjects say they are aware of the study’s

purpose when in fact they are not.

The following chapter deals with outstanding points that
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need to be addressed in this study of priming, age and
awareness. While Experiment 6 considers the effect of
age on conceptually driven priming, Experiment 7 seeks to
measure conscious awareness 1in a different manner from
that of Experiment 5 in this chapter; by comparing
"Remember" and "Know" responses in explicit and implicit

tests.
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CHAPTER 5

AGE, CONCEPTUALLY DRIVEN PRIMING

AND FURTHER MEASURES OF CONSCIOUSNESS
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5.1

Introduction

This final experimental chapter set out to address some
matters that were outstanding from the previous chapters.
Experiment 6 dealt with conceptual priming, to see
whether, like the perceptual priming tasks in this

thesis, this too extends to work with the elderly.
Experiment 7 applied Tulving’s (1985b; see also section
1.7) "Remember" and "Know" responses to explicit and
implicit memory tests, in order to obtain an improved
measure of conscious awareness than that used by Schacter

and his colleagues (see sections 1.6 and 4.3).

As discussed in Section 2.2, most of the work that has
been successful in showing an equivalence of age in
priming has involved perceptual or data driven processes.
Conceptual priming tasks have shown differential results
(see sections 2.2(1i) and 2.2(iii)). Thus it is important
to investigate this phenomenon too, in a set of studies

that deals with aging and implicit memory.

Experiment 6 thus employed a word association task (see
e.g. Shimamura and Squire, 1984; also section 1.3) as
the implicit conceptually driven test. Words to which
associations were to be made were embedded within a

set of other tasks as in Experiments 4 and 5, word
associations being substituted for word stems. Read and
generate were manipulated at study, in order to see how
this would affect conceptual priming. Free recall was

included as the explicit task. An age difference was
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predicted for free recall, with the likelihood that this
might occur for the priming task too on this occasion,
bearing in mind the smaller number and more variable
findings of work with the elderly on conceptual priming.
Furthermore, 1if the word association task is to be
classified as a conceptually driven test according to the
criteria of Roediger et al (1989; see also section 1.4),
it was predicted that the generation effect should occur

for both the implicit as well as the explicit test.

Experiment 7 investigated the phenomenon of conscious
awareness in implicit memory (see section 1.7) and
measured awareness item by item for each subject.
Subjects studied a set of words using a semantic study
manipulation in order to control for semantic encoding
ability (see e.g. Craik and Simon, 1980; also section
2.1). The implicit task was a straightforward word stem
completion task, after which subjects were requested to
indicate which completed items they recognize, and put
and "R" or "K" response (Tulving, 1985b; see also section
1.7) next to each recognized item. A test of graphemic
cued recall required subjects to give "R" or "K"
responses for each item recalled. This method of
measuring the conscious awareness of items that had been
implicitly produced (in the word stem completion test)
investigated whether a link can be made between conscious
and non-conscious events. That 1s, to see whether items
produced while awareness has been directed away from

conscious retrieval, might be brought to consciousness by
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to consciousness by the recognition procedure. Since
older adults have tended to perform less well than
younger subjects at tasks involving conscious awareness,
it was predicted that fewer completed items will be
recognized by the elderly than the young. Similarly,
since "Remember" responses are a measure of conscious
recollection, these should be fewer for the older group
than the young, for both implicit and explicit tests.
"Know" responses being a measure of memory without
conscious recollection or awareness, a mode of memory
that tends to show fewer age differences, should show

little evidence of age.

In summary, it was predicted that in word stem
completion, there should be no difference in conscious
"Remember" responses or age, while in free recall, the
effect of both variables should be shown. There should
also be more correctly recognized completed items for the

young than the older group.
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5.2

Experiment 6

Introduction

A word association task was used as the implicit measure
of memory in this experiment, in order to investigate
conceptually driven priming in young and older adults.
The verbal skills test of Experiments 4 and 5 was used in
an endeavour to disguise the task of interest and render
it genuinely implicit, word associations being
substituted for the previous stems to be completed. By
manipulating read and generate at study, it was proposed
to test the classification of this implicit task
according to the criteria of Roediger et al (1989; see
also section 1.4). Thus 1if word association priming is
classifiable as a conceptually driven test, an effect of
superior generation should occur. Results of a
similarity or difference with age for this task is
awaited, since findings for age and conceptual priming
have Dbeen inconclusive (see section 2.2). An effect of
age and superior generation is predicted for explicit

free recall.

Subjects

The young group was another 16 City university students,
with a mean age of 20.9 (range = 18 - 26) and a mean Mill
Hill score of 15.8 (range = 13 - 19). The older group
comprised community dwelling people from the University

of the Third Age, Mensa and a careers advisory agency
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called "Success after 60". Their mean age was 66.4
(range =60-87) and their mean Mill Hill scores was
19.1 (range = 15 - 21). The older group’s Mill Hill
scores were significantly higher than those of the

younger group, t(30) = 5.0.

Design, Materials and Procedure

The study materials were exactly the same as those of
Experiments 4 and 5 and the test materials differed only
in the implicit target task. Here subjects received the
verbal skills test that involved antonyms, category
exemplars, anagrams, word fragments and the essential
word association task. Thus subjects might be asked to
free associate to the word HAYFEVER, the target word
being POLLEN. Similarly ANGEL was an associate for
HEAVEN. These associates to the target words were
composed by the experimenter and tested on pilot subjects
of both age groups in order that baseline probabilities
of producing the target words might be equated. As in
Experiment 4, subjects received the Mill Hill vocabulary
test immediately after the study period, while the order
of word association and free recall test was counter-
balanced. Thus, apart from the target test being one of
free association rather than word stem completion, the
design of this experiment was similar in all respects to

that of Experiment 4.
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Results

The principal results of both tests are summarized in
Figure 6. These are the mean probabilities of correct
responses for both groups in both study conditions after
baseline measures had been subtracted. The left hand
side of Figure 6 summarizes the word association data for
both age groups. As can be seen from the figure, the
young group show the facilitation of items studied under
the generate condition, while the older group show little
effect of either study manipulation. The free recall
data on the right hand side of the figure, indicate a
similar effect of generating study material for each age

group.

The above data were subjected to separate analyses of
variance (ANOVAs). The factors for the implicit test
were age (young vs. old), mode of presentation (Read vs.
Generate) and item type (target vs. baseline), while

those for free recall were age and mode of presentation.

Looking first at the word association data, there was a

significant main effect of item type, F(1,30) = 12.5, MSe
= 1.5. There was however no significant main effect of
age, F(1,30) = 2.8, MSe = 0.8 and no significant

interaction of age x item type, F < 1. Thus priming for

this implicit task was not affected by age.

The interactions of item type x mode of presentation

F(1,30) = 3.9, MSe = 0.7 and age x item type x mode of
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FIGURE 6 - EXPERIMENT 6
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presentation, F(1,30) = 3.1, MSe = 0.7, only just failed
to reach significance, indicating near effects of
generation and a near interaction of age, priming and
mode of presentation. Separate ANOVAs of the two
separate age groups’ data showed a significant
interaction of item type x mode of presentation for the
young group, F(1,15) = 5.1, MSe = 1.03, but not for the
older group, F < 1. An examination of the corrected
data of the 8 subjects of each age group whose word
association scores were above the median scores, were
.09 and .29 for read and generate items for the young
group and .13 and .16 for the older group respectively,
indicating that this difference between Read and Generate
for the young does not reflect individual differences in
word association priming. Thus the young group’s data
have shown this implicit word association task to be
classifiable as a conceptually driven test according to
the criteria set by Roediger et al (1989; see also

section 1.4).

An ANOVA was also carried out on the free recall data.
This showed a significant main effect of age, F(1,30) =
10.1, MSe = 2.2, and a significant main effect of mode of
presentation F(1,30) = 18.2, MSe = 2. There was no
significant interaction of age x presentation, indicating
that on this occasion, unlike Experiment 4, both groups
showed a similar advantage of items generated at study.

(See McFarland et al, 1985; also sections 4.1 and 4.2.)

133



An ANOVA was also carried out to check whether the order
in which the tests were conducted had any significant
effects. For the word association priming task, there
was a significant interaction of order x item type x
presentation, F (1,28) = 7.14, MSe = 0.58, indicating that
it was the subjects who did the word association task
first who showed a greater effect of generation for
primed items. This suggests that a generation effect for
word association priming is a short lived phenomenon.
However, these conclusions should be treated with
caution, as an effect of order may have confounded the
results to produce this apparent result of enhanced

priming due to generation at study.

Discussion

This experiment has shown older adults to have a
preserved capacity for a conceptual priming task in
addition to the perceptual priming tasks discussed
earlier in this thesis, thereby extending previous work
that has shown the ability of older adults not to be
restricted to implicit tasks that merely require
attention to the physical or superficial properties of
the material (see e.q. Rabinowitz, 1986; Howard, 1988,
Experiment 1; Light and Albertson, 1989; see also section
2.2). Furthermore, the present study generalizes this
finding to a word association priming task, a task that
has not been used before in a study concerning age.
When the word association data was analysed separately

for each age group, only the younger group showed a

134



superior generation effect for this task. However,
Howard (1988; see section 2.2) showed a levels of
processing effect in a word stem completion test for
associated word pairs for her group of younger adults,
and suggested that her subjects may have paid more
attention to the meaning of the material, due to the
demands of the study task. Hamann (1990) also showed the
effect of a levels of processing study manipulation in a
group of young subjects for implicit conceptually driven
general knowledge and category exemplar generation tasks,
but noted that this priming facility declined rapidly
over a ninety minute interval. Blaxton’s (1985, Expt. 1;
1989; see also section 1.5) work, manipulating read and
generate at study and testing implicit conceptually
driven general knowledge showed an effect of superiority
for generated items. However, it is still possible that
these later results are contaminated by explicit
strategies since none of these studies attempted to
disguise the tasks in the manner of the present study.
For the older group, this experiment has shown the word
association task to behave like the embedded word stem
completion tests of Experiments 4 and 5, showing little
effect of either read or generate at study. Thus it is
possible that the younger group’s results might still
reflect explicit strategies, since although the test was
disguised, no questioning as to conscious awareness was
included this time. In free recall, both groups showed
the effect of superior generation at study, the younger

group outperforming the older subjects.
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Expe riment 7 that follows, sets out to get a purchase on
conscious awareness 1in explicit and implicit memory

tests, in this final study that also compares age.
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5.3

Experiment 7

Introduction

Experiment 7 investigated consciousness in memory by
measuring it in a way less likely to invoke demand
characteristics than the use of the Schacter/Bowers
questionnaire (see Expt. 5 section 4.2). Indeed, as
Schacter et al (1990; see also section 1.6) suggested,
just because a subject says s/he is aware of a
relationship between test and study items, it does not
mean that all of the items are uniformly apparent. Thus
in this final experiment, subjects were asked to select
from their completed list of word stems those items they
recognized as "old" or from the original study list.
Additionally, they were asked to indicate how they
recognized those target items according to the methods
used by Tulving (1985b) and Gardiner (1988a; see also
section 1.7). It was predicted that there would be
little effect of age for priming in word stem completion
as the previous experiments in this thesis have shown.
It was further predicted that fewer of the completed
items would be recognized by the older group than the
younger subjects, since this part of the task involves
explicit memory processing. However, 1in a test of cued
recall, the young subjects were expected to outperform
the older group, this effect of age being shown in the
conscious "Remember" response, since "Know" reflects an

implicit memory component (see section 1.7). Implicit
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word stem completion instructions were not expected to

incur such enhancement of the "Remember" response.

Method

Subjects

The young group were a further 16 City University
students, whose mean age was 20.3 (range = 18 - 25). The
older group was another 16 members of the University of
the Third Age, whose mean age was 72.1 (range = 63 - 84).
Mill Hill vocabulary scores differed significantly with
age, t(30) = 5.8, p < 0.001, the mean score of the young
group being 15.8 (range = 12 - 19), that of the older
group was 19.5 (range = 15 - 21). All the subjects in
the older group reported being in good health, and all
subjects were tested individually and were paid for their

participation.

Design, Materials and Procedure

This was essentially the same as that of Experiment 1,
although there was no levels of processing study
manipulation but a semantic free association study task
included to encourage both sets of subjects to encode the
study material deeply. The order of testing word stem
completion and cued recall was counterbalanced so that
half of each set of subjects did the word stem completion
test first, the other half carrying out the cued recall

test first. After finishing the page of word stem
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completions, subjects were instructed to use the
completed stems rather like a recognition test, searching
each of the two columns for study list members. Next to
each recognized item, they were to indicate either with
an "R" or a "K", their conscious awareness of the study
material. In cued recall subjects were to place their
"R" and "K" responses next to each recalled item
immediately after its recall. This latter method was not
used for word stem completion as it was considered likely
to detract from the implicit nature of the task, by
drawing attention to the presence of study list members.
Thus for the word stem completion test, subjects made
their "R" or "K" responses after all completions had been
made, while in cued recall, these responses were made as
each item was recalled. This procedure was adopted in
order to make the explicit components of the study

comparable.

Thus subjects studied the list items hand printed on
index cards as in Experiment 1, but only writing on the
sheet of paper provided, an associate to each word as it
was presented to them, having been instructed to memorize
the target words. After the Mill Hill test, subjects
either carried out the word stem completion test or the
cued recall test first, according to their test
condition. Immediately after completing the stem
completion test, they were given written instructions
concerning the "Recognition" test and "Remember" and

"Know" responses. They were given further oral
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instructions about Remembering and Knowing, with examples
of each before commencing this part of the test. Before
beginning the cued recall test, subjects were given
written instructions on how to use stems as cues, as in
Experiment 1, but in addition they received instructions
regarding "Remember" and "Know" responses, which were
exactly the same as those given after word stem

completion, in both written and oral forms.

Results

Figure 7 (i) summarizes the priming measures from the word
stem completion test. That 1is, the figure shows
completion rates after subtracting the appropriate
baseline completion rates for each subject, and showing
"Remember" and "Know" responses as proportions of these
corrected scores. Correctly completed word stem data
that subjects failed to recognize (RK) were treated in
the same way. These computations were carried out in
order to deal with differences in baseline scores). The
baseline rates for young and old groups were .13 and .20
respectively. (Corresponding intrusion rates in cued

recall were .02 and .01).

Figure 7(ii) summarizes the principal results of the cued
recall test. As predicted, these results indicate that
the young adults were more successful in recalling study
list words than the elderly subjects, and that this

difference was largely restricted to the "Remember"
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Probability of Word Stem Completion as a
Function of Age and Conscious Awareness
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Probability of Cued Recall as a
Function of Age and Conscious Awareness
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responses, while "Know" responses were similar for both

age groups.

The results of an analysis of variance (ANOVA) of word
stem completion scores showed a significant main effect
of item type, F(1,30) = 8.9, MSe = .02, with neither the
main effect of age, nor the interaction of age x item
type reaching significance, F(1,30) = 2.52, MSe = .01,
F(1,30) = 1.63, MSe = .03 respectively. t Tests to

compare age differences in judgement were not

significant, t(30) = 1.48 and 1.39 for "Remember" and
"Know" respectively. There were no age differences for
non-recognized items, t < 1. In a comparable ANOVA of

the cued recall data, there was found to be a significant
main effect of age, F(1,30) = 4.9, MSe = 8.33. A t test
showed that the apparent difference in age for "Remember"
responses was significant, t(30) = 2.10, p < 0.05.

"Know" responses (young = 0.9, old = 0.10) were not
analysed due to the obvious similarity between the two

sets of scores.

Discussion

This experiment has replicated the findings of
Experiment 1 of this thesis, showing a difference in age
for explicit cued recall and indicating a relatively
preserved implicit memory of the elderly for word stem
completion. In addition, it has shown that all of the

age difference in cued recall was in the conscious
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"Remember" response. "Know" responses were similar for
both age groups. These effects of age on judgement in
cued recall seem to mirror findings of previous research
that has shown effects of age in explicit memory. If
"Remember" responses correspond with explicit memory and
"Know" responses, implicit memory, 1t is not surprising
that it is the "Remember" responses that differ with age,
while "Know" responses, which might reflect an implicit
component of recall, are by implication unaffected by
age. Thus the lack of an effect of age on judgement in
word stem completion extends some of the previous work in
implicit memory, in which effects of age have tended not
to be found when conscious recollection is not required
(see section 2.2). Using implicitly produced word stem
completions to assist subjects to make the 1link between
these and items from the study list was not especially
helpful to either age group. Indeed, Tulving and
Schacter (1990) suggested that implicit memory using a
"perceptual representation system" (see section 1.5)
cannot be accessed. This lack of accessibility is

highlighted by this part of the experiment.

Roediger et al (1989) referred to the concepts of data
and conceptually driven processing as opposites at either
end of a continuum, with most memory tests containing
some components of each, and suggested that word stem and
fragment completion are largely data driven (see section
1.4). The cued recall test in this experiment involved

the same data driven cues as the word stem completion
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test, the two only differing according to the
instructions given. Yet age differences occurred in
cued recall and not in stem completion, this difference
being reflected in "Remember" responses. Seemingly
instructions consciously to refer back to the study list
in a recall test activates a conceptually driven
component that is redundant when subjects are asked
merely to complete stems. Indeed Blaxton’s (1991;

see section 1.7) work with brain lesioned patients
strongly indicates that "Remember" responses map on to
conceptually driven processing while "Know" responses

reflect perceptual processing.
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5.4

General Discussion

The experiments in this chapter extend the earlier work
of this thesis in two ways. Experiment 6 showed that not
only was it possible to generalize the relatively
preserved perceptual ability of the elderly to a
conceptual word association task, but that according to
the criteria of Roediger et al (1989; see section 1.4),
the data of the young group indicates that this task

can be classified as a conceptually driven test.
Experiment 7, by applying Tulving’s (1985b; see also
section 1.7) "Remember" and "Know" measures of conscious
awareness to implicit and explicit memory tests, showed
that age differences in explicit cued recall reflects
differences in conscious recollection, while no such
differences occurred for word stem completion, a task
that should incur little conscious awareness with regard

to study list items.

The word association task of Experiment 6 was embedded
among a set of other questions within a verbal skills
test. The verbal skills tests of Experiments 4 and 5,
which embedded word stem completion tests, failed to show
the effect of Read superiority that had been obtained in
a straightforward word stem completion test. The present
word association test showed a superior effect of items
generated at study, rather like the work of Hamann (1990)
which showed a levels of processing effect and Blaxton

(1985, Expt. 1; 1989; Roediger and Blaxton, 1989) who
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manipulated read and generate in conceptually driven
implicit general knowledge tests. Hamann also referred
to the rapid decline of conceptual priming in his study,

a finding supported by the present study.

Experiment 7 overcame the problem of subjects stating
that they were aware of the study’s purpose in order not
to look foolish (see Expt. 5) by requesting a simple
"Remember" and "Know" response for every item. Therefore
these results can be treated with some confidence.
Blaxton (1991; see also section 1.7) noted that
"Remember" and "Know" responses seem to map on to
conceptual and data driven tasks respectively. The
finding in the present experiment, that all of the
difference in cued recall was shown in the conscious
"Remember" response, while there was little difference
between "Know" responses that do not involve conscious

recollection, supports Blaxton’s suggestions.

These two studies complete the experimental chapters of
this thesis. A general discussion concerning all of the

work involved follows in the next chapter.
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CHAPTER 6

CONCLUDING DISCUSSION
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6.1

Introduction

This concluding discussion is divided into five sections.
The first, Section 6.2, restates the main aims of the
thesis and Section 6.3 summarizes the experimental
results. This 1is followed by an evaluation of the
results with respect to the major goals, Section 6.4,

and areas of study that would benefit from further
development are identified in Section 6.5. Section 6.6

summarizes the thesis’ main accomplishments.
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6.2

Aims of the Thesis

The main aims of this thesis have been fourfold.
Initially, it was important to extend and generalize
previous work that has shown the relatively preserved
ability of the elderly at implicit tasks, to other
priming tasks of both a perceptual and conceptual
nature. Tasks were classified according to their major
components, either as conceptually or data driven tests
(Roediger et al, 1989; see also section 1.4) by virtue
of the manner in which variables manipulated at study
behaved, and an integrative review of the current
literature on aging and priming deals with these points,
relating some of them to functional explanations of an
age related memory decline and separating them into
perceptual and conceptual tasks. A third purpose was

to set the investigations within the combined framework
of a systems and processing approach, such that while
conceptual and data driven processes were studied, these
were considered within Tulving and Schacter’s (1990; see
section 1.5) perceptual representation system and process
semantic learning viewpoints for the implicit tasks, and
episodic memory system or a memory mode for the explicit
tasks. Placed last in this list of aims is the problem
of awareness, arguably the most important consideration
in a piece of work that deals with vagaries of explicit
and implicit memory and age. This goal was pursued
throughout the thesis, investigating the behaviour of

study manipulations in both types of test by disguising
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the tasks of interest, and by directly questioning
subjects as to their awareness of study list items in
two ways. A summary of the main experimental results

shows how these goals have been accomplished.
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6.3

Summary of the Experimental Results

Chapter 3 introduced two new (at the time) implicit tests
to be compared with cued recall and recognition. Word
stem completion and anagram solution showed themselves
not to be sensitive to a levels of processing study
manipulation, or age, while the explicit tests were
sensitive to both of these variables. This lack of

an effect of levels of processing afforded converging
evidence as to the tasks’ implicitness, and the finding
that anagram solution thus behaved rather like word stem
completion, indicated that anagram solution involves a
large data driven component (Srinivas and Roedig'er, 1990;

see also section 1.4).

Three experiments followed in Chapter 4, each one using
word stem completion and varying read and generate at
study, the first two including explicit free recall

as a comparison. The first experiment showed an

effect of read superiority for word stem completion,
with the anticipated generation effect in free recall.
Experiment 4 disguised the word stem completion task by
using an embedded test, and showed the disappearance

of the read superiority effect. Neither of these
experiments showed an effect of age in implicit memory,
while this effect became evident in free recall. The
last of this set of three experiments directly compared
the two types of priming task, embedded and non-embedded

word stem completion, again varying read and generate
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at study. This time the read superiority effect of

the straightforward word stem completion task of
Experiment 3, and the disappearance of the effect in the
embedded task of Experiment 4 were replicated within the
same subject group. Subjects were questioned post hoc as
to their awareness of the study’s purpose (Bowers and
Schacter, 1990; Schacter et al, 1990; see section 1.0).
While it was found that approximately half of the
subjects 1in each test and age group reported themselves
as aware of the tests’ purpose, results indicating a
greater read effect for unaware than aware subjects were
inconclusive, partly due to the possibility that some of
the subjects adopted socially desirable demand
characteristics, and also due to an order effect
contaminating the young group’s embedded verbal skills

data.

Chapter 5 described two experiments, the first of

which investigated conceptual priming and age, in an
embedded word association task. Read and generate

were manipulated at study, and an effect of superior
generation occurred in the young group’s word association
data, indicating the inclusion of this task as a
conceptually driven task according to the classification
of Roedig'er et al (1989; see section 1.4). While there
was no evidence of an age difference in the implicit
task, a free recall test showed an effect of age as well
as generation. Experiment 7 dealt with the problem of

conscious awareness, by using Tulving’s (1985b; see
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section 1.7) "Remember" and "Know" measures for each
primed and recalled item, in a study involving word stem
completion and cued recall. In word stem completion,
subjects were instructed to return to their completed
stems and select those they recognized as study list
items, indicating with an "R" or a "K", their mode of
conscious recollection at that time. Subjects made
similar "R" and "K" responses for each item recalled. It
was found that all of an age difference in cued recall
was shown in the conscious "Remember" response, while no
difference of age or response type occurred for completed
word stems, thereby extending Blaxton’s (1991; see
section 1.7) findings that "Remember" and "Know"
responses map on to conceptually and data driven tests,
respectively. The absence of a significant difference in
age between the number of completed word stems that were
not recognized, is consistent with Tulving and Schacter’s
suggestion of a perceptual representation system (see
section 1.5) that cannot be accessed. That is, 1f the
non-recognized material corresponds with items processed
within the perceptual representation system, then it is
likely that these are the only ones that can be called
implicit. Hence it follows that there was little age

difference for this part of the experiment.
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6.4 An Evaluation of the Findings

The conception of this thesis began with the intention of
extending work that has shown the relatively preserved
implicit memory of older adults (e.g. Light et al, 1986;
Light and Singh, 1987; see section 2.2) and generalizing
these findings to other priming tasks. This has been
achieved in three ways. Firstly, four out of the five
word stem completion tasks showed an equivalence of ag'e,
while only one of the six explicit tasks failed to show
an age difference. Indeed, as shown in the review of the
literature concerning implicit and explicit memory tests
and age (Section 2.2), priming and age similarities can
be inconsistent. Recently, Hultsch, Masson and Small
(1991) showed differences in age for word stem completion
following a lexical decision study task. As Craik (1991)
pointed out, work with the elderly is notoriously
difficult to replicate. Secondly, anagram solution can
now be added to those priming tasks at which the elderly
have shown a preserved capacity. By behaving rather like
word stem completion, the task conforms with Srinivas and
Roediger’s (1990; see section 1.4) notion of a data
driven or perceptual test. Finally, word association can
be added to those few conceptual priming tasks that have
shown little effect of age (see section 2.2). This test,
which produced an enhanced effect of generation in a
group of young adults may thus be classifiable as a
conceptually driven test, according to the criteria of

Roediger et al (1989; see section 1.4).
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The subject of task classification was not without its
problems. Roediger and his colleagues (see section 1.4)
had stated that data driven tests tend to produce
superior read performance while conceptually driven ones
show an enhanced effect of items generated at study. In
this thesis word stem completion ((Expt. 3) showed itself
to be classifiable as data driven since the read
superiority effect was produced. However, when this same
task was embedded among a set of others in an attempt

to afford less opportunity for the use of explicit
strategies by the younger adults (Expts. 4 and 5) this
effect disappeared. How can this be explained? Could

it be that read superiority is an explicit phenomenon?

Or did the combination of processing techniques of the
surrounding tasks effect this surprising result? Further
work dealing with the processes involved in any
surrounding tasks of disguise (see section 6.5) and
incorporating study variables known to produce evidence
of data driven/conceptually driven qualities should help

to clarify the matter.

As stated in Section 6.2, the investigations of this
thesis were set within the combined systems and
processing approach suggested by Tulving and Schacter
(1990; see section 1.5). Hayman and Tulving (1989%a

and b; section 1.5) had pointed out that the
dissociations found between explicit and implicit memory

with amnesic patients fitted more reasonably within a
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systems approach (e.g. Tulving, 1985) than one that
considered only the processing components of a test (e.qg.
Jacoby, 1983; Roediger et al, 1989) and put forward the
idea of an integrative approach. Roediger (1990) also
noted these points and suggested a similar idea. The
inconsistencies reported above, relating to task
classification (see Expts. 4 and 5) rather point to the
idea that a processing account alone, is insufficient to
explain explicit and implicit dissociations. However,
the results of the present studies do fit more
comfortably within the combination framework set out by
Tulving and Schacter (1990). These authors stated that
access to primed information in the perceptual
representation is hyperspecific. This allows, to some
extent, the appearance and disappearance of the read
superiority effect discussed above. "Process semantic
learning" covers conceptually driven priming effects, and

the "memory mode" deals with episodic/ explicit memory.

The theme of conscious awareness has been constant
throughout this investigation of dissociations between
explicit and implicit memory and age. Test awareness
according to the work of Schacter et al (1990; see
section 1.6) and "Remember" and "Know" responses
(Tulving, 1985b; see section 1.7) were both applied to
address the matter. Findings emanating from the work

of Schacter and his colleagues will be discussed first.
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These authors suggested differentiating between explicit
and implicit memory according to whether intentionality
of retrieval was required, but were quick to point out
the caveat that subjects involved in an implicit test may
suddenly and unintentionally become aware of the test’s
relationship to the study list. If this occurred they
might well continue as instructed, by completing word
items with the first word that came to mind, but
conversely they might decide to reinstate study list
items. Thus in order to make a finer distinction between
the two types of test, Schacter et al suggested that
firstly, external cues should remain the same in each
case and secondly, a manipulation should be applied

that affects one type of task but not the other. (See
section 1.6). When they applied these criteria using a
levels of processing study manipulation and asking four
questions to select between "aware" and "unaware"
subjects, they found that only "aware" subjects showed
the levels of processing effect, with no such effect
occurring for "unaware" subjects, 1implying that their
"aware" subjects applied explicit strategies in the

"implicit" test.

The present work has shown that there are several
problems with these ideas. Firstly, since Experiment 3
showed evidence of read superiority in straightforward
word stem completion while this effect disappeared in a
test designed to disguise the purpose of the task

(Expt. 4). Schacter et al’s criteria were applied to
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both types of test in Experiment 5, in order to
investigate how the study variables of read and generate
behaved according to subject awareness. Experiment 5
showed approximately half the subjects of each age group
to be "aware" for both tests, offering little explanation
to the differential findings between the two types of
word stem completion test. Secondly, stating "awareness"
does not mean that subjects were aware for all of the
items, vyet Schacter et al’s methodology necessarily
involves allocating all of the data to one or other
condition. Following from this, subjects who said they
were aware, may well not have made use of this knowledge,
and notwithstanding, adhered to the original
instructions, a possibility those authors point out

themselves.

The final experiment in this thesis using Tulving’s
(1985b; see section 1.7) "Remember" and "Know" responses,
is arguably more successful than using Schacter et al’s
criteria for investigating dissociations in explicit and
implicit memory according to subjective awareness or
"consciousness”. This method involved questioning
subjects about their conscious recollection for every
item on a response sheet, simply by asking them to
indicate their memorial experience at the moment of
retrieval. Subjects were asked to indicate which
completed items following a word stem completion task

they recognized as study list members, responding with
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an "R" or "K" in each case. In a cued recall test,
retrieved items were similarly dealt with. The fact that
there were found to be predicted age differences in
explicit cued recall, and that this was shown in superior
"Remember" responses, while there was no difference in
age and no pronounced effect of "Remember" response for
the recognition of completed word stems, reasonably
suggests that this method was successful in dissociating
between the two types of test. What was particularly
interesting was the finding of age equivalence for non-
recognized completed word stems. If, as some of the
literature on age and explicit/implicit memory suggests
(see section 2.2), age is not a distinguishing feature in
many implicit memory tests, then the non-recognized items
may be considered to be the only ones derived from
implicit memory. Cohen (1987) as well as Tulving and
Schacter (1990) suggested that the system involving
implicit memory cannot be accessed. Cohen suggested that
procedural memory was inaccessible as "specific facts,
data or time and place events". Tulving said that the
products of the perceptual representation system "do not
provide a basis for awareness of previous experience".
Nonetheless, Experiment 7 showed that approximately 60%
of the implicitly produced test items were later
available to conscious awareness for both age groups. If
one accepts Cohen’s and Tulving’s suggestions, then it is

indeed possible to consider that only the non-recognized
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items were produced using implicit memory. This matter
will be considered again, along with others suggested as
suitable for further development in Section 6.4 that

follows.
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6.5

(1)

Lines of Further Development

Implicit Memory and Conscious Awareness

Four points 1in particular were suggested by the findings
of Experiments 3, 4, 5 and 7 as being worthy of further

development. These are as follows:

Firstly, it is considered that "Remember" and "Know"
responses (Tulving, 1985b; see section 1.7) were
successful as a measure of conscious awareness in
distinguishing between explicit and implicit tests, as
indicated by the findings of Experiment 7. It is
suggested that these are a more suitable measure than
those of Bowers and Schacter (1990) and Schacter et al
(1990; see also section 1.6), since it is felt that these
authors’ questions could lead to a response bias. The
second point from Experiment 7 is the idea that only
those word stems that were completed and not recognized
were retrieved from implicit memory, since, as Tulving
(1990) and Cohen (1987; see also previous section)
suggested, the system involving implicit memory cannot be
accessed. Point three involves the mystery of the
appearance and disappearance of the read superiority
effect, and whether it is an explicit or implicit memory
phenomenon. The appearance of the effect in the word
stem completion test of Experiment 3 suggests that the
effect reflects retrieval from implicit memory, and
extends the findings of Blaxton (1985, Expt. 1; 1989;

Roediger and Blaxton, 1987; see also section 1.5), yet no

lel



advantage of either read or generate occurred when word
stems to be completed were embedded within another set of
tasks in an endeavour to disguise the purpose of the
target task (Expt. 4). Experiment 5 showed the
appearance and disappearance of the read superiority
effect, by manipulating the two types of task,
straightforward and embedded word stem completions, as a
within subjects wvariable. It is important to discover
whether these findings were in fact due to a lack of test
awareness brought about by the nature of the test, or
indeed were related to the fact that the questions
surrounding the target word stems were of a mixed data

driven and conceptually driven type.

These points could be dealt with by designing an
experiment involving word stems to be completed in both
straightforward and embedded tasks as those of Experiment
6, but this time, the embedded word stems to be completed
should be surrounded by tasks that are only of a data
driven nature in order to match up with the target task.
Read and generate should again be manipulated at study.
After all the stems have been completed, subjects should
be asked to state which items they recognize as study
list members, indicating their mode of conscious
awareness at the time with an "R" or "K" response, as in
Experiment 7. If the read superiority effect 1is an
implicit memory phenomenon, the effect should only occur
for those items not recognized. Should the effect turn

out to be a phenomenon of explicit memory, then the
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(i1)

effect should be pronounced in the recognized set of
items. Furthermore, it is likely that "R"; responses
correspond with generated items and "K" responses with
read items, since it is suggested that the "R" response
maps onto conceptually driven processing and the "K" with
data driven processing (see e.g. Blaxton, 1991; see also

section 1.7).

"Remember" and "Know" as Measures of Contextual Encoding

Techniques

All of the experiments included in this thesis have
included a semantic or conceptual encoding procedure, not
only to investigate the effects of these manipulations on
the tests to follow, but also in an endeavour to offer
the elderly subjects a greater opportunity to encode the
study material deeply. Craik and Simon (1980; see
section 2.1) indicated that older adults take little
advantage of semantic encoding environments. Burke and
Light (1981) pointed out that guidance towards a
particular encoding mechanism does not guarantee its
being carried out. Rabinowitz and Ackerman (1980;
section 2.1) suggested that the elderly encode study
materials qualitatively differently from younger adults;
that rather than taking account of the more specific
contextual experience of the study period, they lean
towards a more global method. The findings of

Experiment 7 seem to reflect this idea, since in cued

recall, age differences were found only in the conscious
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"Remember" responses and not in the "Know". That is, the
older adults were less able than the young to bring to
mind at retrieval, the specific conscious experience of

the study moment.

Gregg and Gardiner (1991; see section 1.7) analysed the
content of expressed "Remember" and "Know" responses

of college students. By using these measures of
recollective experience for recalled items and asking
old and young subjects to give examples of each type of
response, 1t should be possible to investigate
qualitatively, any differences between age and

elaborative study processing.
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6.6

Conclusions

In summary, the present work has dealt with consciousness
and aging in memory, while considering the concepts of
task classification and test awareness within the
boundaries of an integrated systems and processes

approach.

There were problems raised about the subject of task
classification due to the vagaries of the read
superiority effect. Further work (see section 6.5(1))

has been suggested to resolve the matter.

The criteria set by both Schacter and Bowers (see section
1.6) for distinguishing between explicit and implicit
tests according to subject awareness were also found to
be problematic, and the method used in the present
Experiment 7 to measure conscious awareness appeared to

be more satisfactory.

Tulving and Schacter’s (1990; section 1.5) combined
theoretical systems and processes approach was applied to
the present studies, and the findings complied well with
these authors’ suggests of a hyperspecific perceptual
representation system, process semantic learning system

and memory mode.

The question of how conscious awareness is implicated in
findings of age differences and similarities in explicit
and implicit memory is still to be resolved. Are results

due to conscious awareness as such, or is it merely the
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direction away from conscious retrieval that effects
these differential results? More age differences are to
be found in explicit tasks requiring conscious retrieval
than those involving implicit memory (see section 2.2)
and the present work has supported these findings.

Jacoby and Witherspoon (1982) described their findings of
preserved priming in amnesic patients as a dissociation
between memory and awareness, suggesting "passive"
remembering to be an early phase of cognitive processing.
The fact that this relatively preserved implicit memory
facility has been shown in the elderly in this thesis
strongly suggests that studied information has been
correctly encoded. However, the present studies also
suggest that access to this encoded information in the

form of explicit retrieval tends to be denied.
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Footnote

Three of the experiments described in the thesis have been
reported in different form in two manuscripts, one of
which 1is co-authored by Professor John M. Gardiner and

myself.

Experiments 1 and 3 are reported in a paper entitled
"Priming and aging: Further evidence of preserved memory
function" published in the American Journal of Psychology,

(1991), 104, 89-100. (Java, R.I, and Gardiner, J.M.).

A paper currently in press in the American Journal of
Psychology. "Priming and aging: Evidence of preserved
memory function in an anagram solution task" (Java, R.I.)

reports Experiment 3 of the thesis.

I would also like to submit as subsidiary material the
following three papers, two of which are co-authored by
Professor John M. Gardiner and myself and one of which is
co-authored by Professor J. M. Gardiner, Doctors Z.
Kaminska and E, F. Clarke, Mr. P. Mayer and myself.

I was principle co-author on two of these articles and
contributed to the conception, design and interpretation

of all of the work reported.

Gardiner, J.M., and Java, R.I. (1990).
Recollective experience in word and non-word

recognition. Memory & Cognition. .8, 23-30.
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Gardiner, J.M., Kaminska, Z., Java, R.I.,
Clarke, E.F., Mayer, P. (1990). The

Tulving-Wiseman law and the recognition of

recallable music. Memory & Cognition, 18,
632-637.
Gardiner, J.M., and Java, R.I. (in press).

Forgetting in recognition memory with and
without recollective experience.

Memory & Cognition.
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Table Al: Experiment 1

Summary of Analysis of Variance for Word Stem

Completion,

Source

Age (A)

Frror

Orientation (0)
Age x Orientation (AO)

Frror

Item type (S)
Age x Item type (AS)
Error
Orientation x
Item type (0OS)

Age x Orientation
x Ttem type (AOS)

Frror

Age

df

30

30

30

and Orientation Task

SS MS F

1.531 1.531 .264

174.188 5.806

.781 .781 527
.781 .781 .527

44.438 1.481

101.531 101.531 60.995

1.531 1.531 .920

49.938 1.665

.281 .281 217

.781 .781 .602

38.938 1.298

186

.6113

L4733

L4733

.0000

.3452

.6449

.4439



Table A2: Experiment 1

Summary of Analysis of Variance for

Cued Recall,

Source

Age ()

Frror

Orientation (0)
Age x Orientation (AO)

Frror

df

1

30

1

30

30.250

168.500

60.063
7.563

79.375

187

MS

30.250

5.617

60.063
7.563

2.646

Age and Orientation Task

5.386

22.701

2.858

.0273

.0000

.1013



Table A3: Experiment 2

Summary of Analysis of Variance for

Anagram Solution,

Source

Age (&)

Frror

Item type (S)
Age x Item type (AS)

Frror

Presentation (P)

Age x Presentation (AP)

Error
Item type x
Presentation (SP)

Age x Item type x
Presentation (ASP)

Frror

30

30

Age and Presentation

4

126.

27.

4.

69.

39.

188

Ss

.133

297

195
.008

047

.195

.383

672

.633

.445

172

4.

27.

133

.210

195

.008

.468

.195

.383

.322

.633

.445

.306

.982

11.018

.003

.084

.165

.485

2.639

.3297

.0024

.9555

L1738

.6876

.4917

.1148



Table A4: Experiment 2

Summary of Analysis of Variance for

Recognition,
Source df
Age (A) 1
Error 30
Item type (S) 1
Age x Item type (AS) 1
Error 30
Presentation (P) 1
Age x Presentation
(AP) 1
Error 30
Item type x
Presentation (SP) 1
Age x Item type X
Presentation (ASP) 1
Error 30

Age and Presentation

SS MS
64.695 64.695 18.
105.172 3.506
765.383 765.383  330.
53.820 53.820 23.
©69.547 2.318
233.820 233.820 176.
13.133 13.133 9
39.797 1.327
233.820 233.820 100.
4.883 4.883 2
70.047 2.335

189

454

158

216

260

.900

142

.091

.0002

.0000

.0000

.0000

.0037

.0000

.1585



Table A5: Experiment 3

Summary of Analysis of Variance for

Word Stem Completions, Age

Source

Age ()

FError

Presentation (P)

Age x Presentation
(AP)

Frror

Item type (S)
Age x Item type (AS)
Error
Presentation x
Item type (PS)

Age x Item type X
Presentation (ASP)

Frror

30

30

30

SS

7.031

85.688

.781

.281

136.438

166.531

2.531

47.438

7.031

.281

40.188

190

and Presentation

7.031

166.

.856

.781

.281

.548

531

.531

.581

.031

.281

.340

2.462

105.

172

.062

316

.601

.249

.210

L1271

.6815

.8053

.0000

.2155

.0292

.6501



Table A6: Experiment 3

Summary of Analysis of Variance for

Free Recall,

Source

Age (A)

Frror

Presentation (P)

Age x Presentation
(AP)

Frror

30

30

Age and Presentation

SS

49.000

96.438

42.250

7.563

108.188

191

40.000

3.215

42.250

7.563

3.606

15.243

11.716

2.097

.0005

.0018

.1580



Table A7: Experiment 4

Summary of Analysis of Variance for Embedded

Word Stem Completion, Age and Presentation

Source df ss MS F P
Age (A) 1 .195 .195 .044 .8359
Error 30 134.234 4.474
Item type (S) 1 53.820 53.820 28.428 .0000
Age x Item type (AS) 1 .633 .633 .334 .5675
Error 30 56.798 1.893
Presentation (P) 1 9.570 9.570 3.868 .5850
Age x Presentation

(AP) 1 3.445 3.445 1.392 2473
Error 30 74.234 2.474

Item type x

Presentation (SP) 1 .008 .008 .005 .9431
Age x Ttem type x

Presentation (ASP) 1 .945 .945 .026 .4350
Error 30 45,297 1.510

192



Table A8: Experiment 4

Summary of Analysis of Variance for

Free Recall, Age and Presentation

Source df Ss MS F P
Age (A) 1 8.266 8.266 2.185 .1498
Error 30 113.469 3.782

Presentation (P) 1 28.891 28.891 17.975 .0002

Age x Presentation
(AP) 1 11.391 11.391 7.087 .0124

Error 30 48.219 1.607
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Table A9: Experiment 5

Summary of Analysis of Variance for Non-Embedded

Word Stem Completion, Age and Presentation

Source df ss MS F P
Age (A) 1 .781 .781 .336 .5664
Error 30 09.719 2.324
Item type (S) 1 81.281 81.281 36.824 .0000
Age x Item type (AS) 1 .500 .500 227 .6376
Error 30 66.219 2.207
Presentation (P) 1 4.500 4.500 1.731 .1982
Age x Presentation

(AP) 1 2.531 2.531 .974 .3316
Error 30 77.969 2.599

Item type X

Presentation (SP) 1 5.281 5.281 3.005 , 0933
Age x Item type x

Presentation (ASP) 1 2.000 2.000 1.138 .2946
Error 30 52.719 1.757
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Table Al0: Experiment 5

Summary of Analysis of Variance for Embedded

Word Stem Completion, Age and Presentation

Source df ss MS F P
Age (A) 1 15.125 15.125 6.747 .0144
Error 30 67.250 2.242
Item type (S) 1 69.031 69.031 58.030 .0000
Age x Item type (AS) 1 3.781 3.781 3.179 .0847
Error 30 35.688 1.190
Presentation (P) 1 2.000 2.000 1.215 L2791
Age x Presentation

(AP) 1 .125 .125 .076 .7848
Error 30 49.375 1.6406

Item type x

Presentation (SP) 1 .781 .781 .170 .6834
Age x Item type x

Presentation (ASP) 1 2.531 2.531 .550 .4643
Error 30 138.188 4.606
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Table All: Experiment 5

Summary of Analysis of Variance for Embedded Word

Stem Completion and Order for the Young Group Only

Source df SS MS F P
Order (0) 1 .563 .563 .241 L6311
Error 14 32.688 2.335
Item type (9) 1 52.563 52.563 46.173 .0000
Order x Item type (0S) 1 1.000 1.000 .878 .3645
Error 14 15.938 1.138
Presentation (P) 1 1.563 1.563 .964 .3428
Order x Presentation

(OP) 1 2.250 2.250 1.388 .2583
Error 14 22.688 1.621

Item type x

Presentation (SP) 1 .250 .250 .068 .7965
Order x Item type x

Presentation (OSP) 1 33.063 33.063 9.043 .0094
Error 14 51.188 3.656
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Summary of Analysis of Variance for

Table Al2: Experiment 6
Word Association,
Source
Age (A)
Error

Item type (9)
Age x Item type (AS)

Frror

Presentation (P)

Age x Presentation

(aP)

EFrror

Item type x
Presentation (SP)

Age x Item type x
Presentation (ASP)

Frror

30

30

30

Age and Presentation

ss MS
2.258 2.258 2.
24 .422 .814
18.758 18.758 12.
.070 .070
44,922 1.497
2.258 2.258 2.
2.820 2.820 3.
22.672 .756
2.820 2.820 3.
2.258 2.258 3.
21.672 122

197

774

527

.047

988

732

904

125

.1062

.0013

.8299

.0942

.0629

.0574

.0872



Table Al3: Experiment 6

Summary of Analysis of Variance

for Free Recall, Age and Presentation

Source df ss MS F
Age (A) 1 22.563 22.563 10.074
Error 30 ©7.188 2.240
Presentation (P) 1 36.000 36.000 18.170
Age x Presentation

(AP) 1 .563 .563 .284
Error 30 59.438 1.981

198

.0035

.0002

.5981



Table Al4: Experiment 6

Summary of Analysis of Variance for Word

Association, Age, Presentation and Order

Source df SS MS F P
Age (&) 1 2.258 2.258 2.651 .1147
Order (0) 1 .383 .383 .450  .5080
Age x Order (AO) 1 .195 .195 .229 .6357
Error 28 23.844 .852
Item type (95) 1 18.758 18.758 11.811 .0019
Age x Item type (AS) 1 .070 .070 .044 .8349
Order x Item type (0S) 1 .383 .383 .241 .6273
Age x Order x

Item type (RAOS) 1 .070 .070 .044 .8349
Error 28 44.469 1.588
Presentation (P) 1 2.258 2.258 3.186 .0851
Age x Presentation

@P) 1 2.820 2.820 3.980 .0559
Order x Presentation

(OP) 1 .008 .008 .011 L9171
Age x Order x

Presentation (AOP) 1 2.820 2.820 3.980 .0559
Error 28 19.844 .709

Item type x

Presentation (SP) 1 2.820 2.820 4.869 .0357
Age x Item type x

Presentation (ASP) 1 2.258 2.258 3.898 .0583
Order x Item type x

Presentation (OSP) 1 4,133 4,133 7.135 .0125
Age x Order x Item Type

X Presentation (AOSP) 1 1.320 1.320 2.279 .1423
Error 28 16.219 .579

199



Table Al4: Experiment 6

Summary of Analysis of Variance for Word
Association, Age, Presentation and Order

Source df Ss MS F P
Age (A) 1 2.258 2.258 2.651 .1147
Order (0) 1 .383 .383 .450  .5080
Age x Order (20) 1 .195 .195 .229  .6357
Error 28 23.844 .852
Item type (S) 1 18.758 18.758 11.811 .0019
Age x Item type (AS) 1 .070 .070 .044 .8349
Order x Item type (0S) 1 .383 .383 241 .6273
Age x Order x

Ttern type (AOS) 1 .070 .070 .044 .8349
Error 28 44.469 1.588
Presentation (P) 1 2.258 2.258 3.186 .0851
Age x Presentation

(AP) 1 2.820 2.820 3.980 .0559
Order x Presentation

(OP) 1 .008 .008 .0il L9171
Age x Order x

Presentation (RAOP) 1 2.820 2.820 3.980 .0559
Error 28 19.844 .709

Item type X

Presentation (SP) 1 2.820 2.820 4.869 .0357
Age x Item type x

Presentation (ASP) 1 2.258 2.258 3.898 .0583
Order x Item type x

Presentation (OSP) 1 4.133 4.133 7.135 .0125
Age x Order x Item Type

x Presentation (AOSP) 1 1.320 1.320 2.279 .1423
Error 28 16.219 .579

199



Table Al5: Experiment 7

Summary of Analysis of Variance

for Word Stem Completion and Age

Source df ss MS F
Age (B) 1 .029 .029 2.521
Error 30 .350 .012

Item type (S) 2 .266 .133 8.897
Age x Item type (AS) 2 .049 .024 1.628
Error o0 .896 .015

200

L1229

.0004

.2048



Table Al6: Experiment 7

Summary of Analysis of Variance for Cued Recall and Age

Source

Age (A)

Frror

Item type (S)
Age x Item type (AS)

Frror

30

SS

40.041

249.844

1113.891
34.516

195.094

201

40.

1113.

34

641

.328

891

.516

.503

4.880 .0349

171.285 .0000

5.308 .0283



Table Al7: Experiment 7

t Test to compare "Remember"

Responses and Age on Cued Recall

Cued Recall

Young old

xi v X2 X
6 36 6 36
15 225 3 9
11 121 0 0
9 81 10 100
11 121 7 49
15 225 5 25
9 81 5 25
4 16 4 16
3 9 7 49
0 0 2 4
6 36 2 4
3 9 5 25
15 225 1 1
7 49 13 169
15 225 10 100
6 36 5 25

- 135 = 1495 £X2 = 85 <Xp= 637

x1 = 8.4 X2 = 5.3
gi = 1495 - 70 .56 S2x = 637 - 28.09

16 16

= 22.88 = 11. 72

oH (8.4 -5.3) /(16 +16-2) 16 x 16
/16 x 22.88 + 16 x 11.72 (16 + 16)

= 2.10

202
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The fuctiaal iploetween memory and CsCICUSESS Was | ntwo ex-

periments inwhich albjedss indicatedwhen recoonizingan itamwhether they caild ansciosly
remlled: ftspriorcoarrrence inthe study listar recognized iton same otterkesis, inthe dosance

of axrnscias remlletdion. Tow= warss, relative tohigr-freqency words, enharmirec:g—
nition acoapanied by arscios but did et infliencee ition in the dosence
of corscios rexllection. By contrast, norwords canpared with words reconitian in

the aosence of aorscious remol lection and reduced reconition acoarpanied by aonscious rexl lec-
tan. A thirdexperinent showed that anfidence judgrents in recoonizingnorword targets cor-
regoordedwi th recogni ticnperfarmence, rotwi th rexlledtiveegeriance. Thesemeasures afaon-

scios awareness therefore tap galitatively differat carponents afmenory, rot sare unitary

dimension such as “Mxae .” The firdirgs are as further sygoort
for the distinctdanoetween memory and otrermemory systars, and also as providing
nore galified fortheories that assure that recogniticnmenory entails two carparerts,

Syt
ae afwhich may also give rise to priming effeds in inplicit meory.

The retire of crscioasess inrelationtomemory per-
formence has ance agpin becare of aantral inportance
Inmemory research. This inportance isrefledtedby tre
aontarporary inteest in sadies of amesia, a disader
inwhich the Icss of memlledtive exqperiane isttemain
pEsahrg symetan (seeShimamra, 1986, fora e .
Tt isalso refleted by themany recatt sadies inwhich
perfomence ineplicit memory tests, defired as these
Inwhich tre persm isdireded cascioxly t exllat
ricremts arexperianss, haslbeen carpared withper—
formance in Inplicit memory teds, defired as those In
which the persm is not so ditected (see Ridherdsa-
Klavehn & Bjark, 1988; Roedicer, Weldon, & Qallis,
189; Sdeder, 197, for revians) . These two ssts of
sadies are linkedby ragetitian, ardiredtpriming, effeds
Innplicitmemory teds. Iharesicatbats, suchprim-
meﬁtsaretp@]lyfmdtobeqmemrmrablemﬂl
these fourd in memory-uninpeired adilfs. And, in
mamory-uninpeai red adilts, priming measures are tpi—
ally ninflueced, ar influenced in differert vays, by
varidoles thet influence performence ineglicitmemory
tEts. Furthermore, ttheslecare incressingly clear fram
arnunber of oer racat stidies et memory intre do-
sace of remlladthe experiance infliencess the perfar-
mance ofmamory-uninpeai red adilts inawide variety of
peredel, Jugetal, and estmetion tads (Badoy,
1983; ooy, Kellsy, & Dywan, 1989).

We are grateful to Francesca Ahmed for collecting the data in Ex-
periment 3. Requests for reprints should be addressed to John Gardiner,
Memory & Cognition Research Group, City University, Northampton
Square, London EC1V OHB, England.
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Despite this concem with tre retiare of consciasess
inmamory, trere have been mcelyanyaﬁ:eqxsto
diretly measure QISCIOs experiene in rElabio o
memory perfomence. Hitherto, tregareral soaegyhas
leen tomenipulate crsciosess, as Incoparisansle-
tween Inplicit and eplicit tefs, to assess its infherre
irdiretly, and tomake varias assuptians doodt the
kirds of crsciosress ard tre foms of memory irvalved,
This sitationmay artly refled-what Tulving (1989) hes
@lledttedodrrire of concordance of kehaviar, cagnitian,
ardexeriae. Ingreral fom, thiscodrireolds et
perfomance, kowlede, ad aredcelycor-
Ielatej.Pa:eptarmofﬂnscbﬁtmemﬂjesﬂBtﬂerela—
Um_chjpbemeen memory performence and anscias
experience ismore armatter of ratiosl aalysis ttenem—
pirial ingiiry. The siiadomay also refled-what Wat—
kirs (inpess) has alled the doctrire of mediatianian,
tet is trepesai ling theoredal endhasis on hypotheti-
czalnmtalcmsttwtssrhasmemryttam, nmedenisys,
proessing modes, ard the lie. This angdesis an
Iyoothetical mental ertities lesdsall too readily totheex-
chsian of any concem with adaal nental egeriace.

In this atticle, we desrile two experiments inwhich
tre relabdaghipletween memory performence and con—
Stios experiance was measured epirical ly, adparga
procediare for coing this et was sgﬁstedby ving
8. Inﬂme@mﬂnmts Shjets were reqirad,
when recoizing an item fram a sy 1ig, to irdicate
whether they cauld aansciasly recollect itsprior coour-
rence inthe study Jist (inwhich case they respaced YR
for “rememcer”) ar recoonizad ton sare oterlzsis,
in the dosarnce of any recolledtive excerience (nwhich

ae they respaoed “K” for “know”). Ridardso-
Klavehn ard Bjark (1988) pefer toresene tre terms ex—

Copyright 1990 Psychonamic Society, ITc.
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Ridit and Inplicit memory for memory exoressed with
ardwithaut awareress of ramenbering, irstesdofusing
those tems to dassifymenory tets. According totteir
s, teefor, these two measures correscodeatly
with measures of eplicit and Iplicit menory.
Thapevios atide Invhich theseneasres were tsed,
Twas fourd tret they gave rise todissaciatias between
a persan’s arsciaus exeerdence ard his ar her perfor-
mance on recognitianmanory tasks (Gadirer, 19639).
This ressarch showed et leels of prosssing, gererate
verss reed-study coditias, and reEtion inenat- all
wariadleswhose influsnce on recogni tian-menory perfar-
mance iswell known— infliercedanly itams whose ey~
ritionwas accorpaniedloy axrscias meedllettion. Recog-
mjamperfomarm Jn’deabsence of any re@]le:tme

memory ard dher mamory systars. Because rexollac-
Teerariare @ “atoosbdcaarsciomess”) isadefin-
ing prggerty of the episadic systam, thet disdnddaon is
meterially strargtharedby evicence that Seple episadic
memory phenarena Such as lerls-ofprasessing effedts
are irdeed truly risodic as defired ard easured by aon-
scias avararess. The findings are also inteestirgle-
caxe tre form of dissoriation deserved resanbles et
which hed leen previasly doserved in carparisans of
theeffats of these irchperdent varidoles on performence
In eplicit and mplicit memory t&ts eg., Gadirer,
19930, ooy ¢ [allas, 181, Tulving, Steder, &
Sark, 1) . Thisaallel iscrsisatwith theores trat
assure tret recognition performance atails two differ-
atapxents, aeofwhichmay alsogive risetoprin-
Ingeffedts in Inplicit tests. This second carponent: hes
loeen thauht of as increased familiarity (Mardler, 1980,
1999 ar as wlatwe parapaal fhieoy (Badoy, 1988;
Jacdoy & [allas, 191), ard torefletcia-drivenratter
tren cooonelly doven prosessing  (Bodoy, 19635
Roedicer ez al., 199 . Thus, asGardirer (19833) s
gested, “ramenter” and “know”” measures of cascias
anEreEness may reseectively correspard with concaoar
ally driven and cata-driven processes.

However, 1in the experiments desariled by Gardirer
(1983, recoition perfomence intre dosence of con-
stias mxnlledimwas rot anly tinfluenced by the in-
Ceoeroent varddles, itwas alsomuch lower then when
maoyitionwas accarpaniedloy consciaus remlledtian,
This low larl of performence makes tdiffiait toen—
tdrelydisaant the possibility thet recognittion inthe do-
semeofrazﬂle(ﬁ\eageﬁemenigﬁ:reﬂatdﬂyre]a—
thely weak “tae stagh,” mter ten sare
qalitaciely differet caponent of memory—even
thouch the form of dissaciation dotaired itelf arges
acpirst thispessiality, on tregraands tret weak aswell
as srargmemory traces duildhave been influencedoy
those varidoles, aloeit t a lessr edat.

The main purpose of the presart research was topro—
vice firtter teds of tre “dal-anpaent hypottesis,”
thet is e hypotthesis that trese measures of ansciaus—

ress refled galitatiwely disdndt carponents of memory
perfamance, rather then sare wmitary dinensicn such
as traee soargh. The dial-carponent: hypothesis would
prove hard t as@in if recoition in the doeserce of
reclledtive exoerience isalways fourd tohbe assooiated
with low legls of perfomence, and isalways ford to
e tninflienced by ircscendent: variddles. On the dter
hard, trehypotesiswouldle sugportedboy evicence thet
recoition in e acsence of recolledtve exoerience is
saretines associatedwith relatively hich leels of per-
formence ard is systemticlly inflienced by sare i
Cecencent varidole.

EXPERIMENT 1

The purpose of Experdment. 1was tocarpare W remem—
ber” ard “know” measures of ansciass awareress in
recoition memory for lawfreqecy and hidr
fraqecywards. The moint of thisaarparism was tosse
vhether recognition of tre lav-frequency words night
e associatedwithan increese intre incidence of “know””
loAi—ftec;HEymrds relative tohich-freqency words,
give risstoenhanced priming inpercesca sl idetfiction

(Bodoy & Dallzs, 199), aswell asatancedperfomence
Inrecogitionmemory (seeDuchek & Neely, 1989 Glan-
zer & Adams, 1965 Gregg, 1976, for revians), andly
ﬂemeﬂﬂatbothofﬁrﬁsemrd—ﬁteqﬂcyef@d:saredle

toxm@saimhanty%nﬂer 190) or perecaal
Dallas, 1941).

Method

Subjects. The subjects were 24 undergraduate students who were
paid for their participation in the experiment and were tested in-
dividually.

Design and Materials. A set 0f96 words, 48 low-frequency and
48 high-frequency, were selected from the Medical Research Council
(MRC) psycholinguistic database described by Coltheart (1981).
These low- and high-frequency words had mean frequency counts
of2 and 160, respectively, in Kucera and Francis’s (1967) norms,
and they each had the same mean imagery value of 609, as calcu-
lated in the MRC database by merging three sets of norms to form
a scale ranging from 100-700. There were equal numbers of one-,
two-, and three-syllable words of each frequency. Examples ofthe
low-frequency words are: KILT, BLOSSOM, TORNADO, ATH-
LETE, and HARP. Examples of the high-frequency words are:
MONEY, RIVER, HOSPITAL, CAR, and PRESIDENT.

There were two alternate study lists, each consisting of 24 low-
frequency and 24 high-frequency words selected so that words of
each syllabic length were assigned to each frequency level in each
study list in equal proportions. Half of the subjects received one
study list; half received the other study list. The recognition test
consisted ofall % words from the complete set; hence, target words
for halfthe subjects were lure words for the other half. In this test,
for each word the subjects recognized, they were asked to indicate
whether they could or could not consciously recollect its prior oc-
currence in the study list.

Procedure. Study-list words were handprinted on a deck of cards
and presented at the rate of 2 sec/word in an order randomized
separately for each subject. The subjects were told simply to memo-
rize the words for a test to be given on the following day. The 24-h
retention interval was intended to reduce the risk of ceiling effects
in recognition performance. For the test, all 96 words in the com-



plete set appeared, in a single constant order, typewritten in 4
columns of 24 words each. The subjects were given the following
instructions to read:

In this test there are four columns of words; some of these words
are from the cards you studied in the first part of the experiment, others
are not.

Please work carefully down each column, indicating for each suc-
cessive word whether you recognize it from the study cards or not. If
you recognize a word, please encircle it.

Additionally, as you make your decision about recognizing a word,
I woidp like you to bear in mind the following:

Often, when remembering a previous event or occurence, we con-
sciously recollect and become aware of aspects of the previous ex-
perience. At other times, we simply know that something has occurred
before, but without being able consciously to recollect anything about
its occurrence or what we experienced at the time.

Thus in addition to your indicating your recognition of a word from
the original study set, I would like you to write either the letter “R”
after the encircled item, to show that you recollect the word consciously,
or “K” ifyou feel you simply know that the word was in the previous
study set.

So, for each word that you recognize, please write “R” next to it
if'you recollect its occurrence, or “K” if'you simply know that it was
shown on the cards.

After the subjects had read these instructions, the experimenter
gave further, oral instructions. Conscious recollection was described
as the ability to become consciously aware again of some aspects
of what happened and what was experienced at the time the word
was presented—such as something to do with the physical appear-
ance of the word, the way it was presented, something one was
thinking of or did during the word’s presentation, or something else
one noticed in the laboratory at that time. Recognition on some other
basis was described as recognizing that the word was from the study
list but being unable consciously to recollect anything about the ac-
tual occurrence of the word, or what happened and was experienced
at the time it was presented. This distinction between R and K judg-
ments was further illustrated by more everyday examples. The sub-
jects were told that their memory for the name of the last movie
they watched would almost certainly be accompanied by conscious
awareness of aspects of that particular event and experience, but
that their memory for their own name would almost certainly not
normally be accompanied by conscious awareness of any particu-
lar event or experience. This particular illustration was deliberately
chosen to make it clear that the absence of recollective experience
was not necessarily associated with poor memory. The subjects’
understanding of these instructions was monitored and, after they
had completed the test, the experimenter checked that the instruc-
tions had been followed properly.1

Target Lure Target Lure

Figure 1. Response probability in the recognition of low-frequency
versus high-frequency words.

RECOLLECTIVE EXPERTENCE 5

Results and Discussion

Figre 1 simarizes the prrncigal rwesilts, which are
themean pdaailities of R and K resoonsss for recogni—
tontaresand hues. Orrall hit raes and falsepesitie
Assaregivenby the sum of these two tyes of regoose.
The figre shows trat in target reaooitian, word fre-
queency infliecad R resporsss it had no discemibleef-
fetuon K resooses. The figrealsoshows littleeffact
ofword freqency on falsepsithe des, bt there issare
Irdicationttet falepositive rateswere higher frK ten
forR regoosss.

A sgaraeaalysisof variance (ANOVA) was carried
atton irdividal adbjed: reqoonsss to recomnition tarets
ard t© hues. Followirg a precedent st by Gardirer
(1%839), Intteearlysss, regore ype— R varss K—
was tregted as an indgoerdant variddle, on the graands
thet tmay e regarobdasanmmmalnanpﬂabm
This assuption is of corses, gestaddle, it tdoes
e an ke diredly emhiated. For tarcet words, te
reaitsof tte ANOVA showed tretlooth thermain effect
of resone e [FA,20) = 41.76, mse = 14.3],
p < .00 adtretofword freqercy [F(1,23) = 19.6,
mse = 3.06,p < (0] were sigifi and sotcowas
e Ineradtdon between them [F(1,23) = 6.6/, ms: =
7.23,p < (A5]. For ues, the rsiltsof te ANOVA
showed tret reither the main effect of word freqecy
ror tre interactionbetween word freqency and regoonse
grewere sigifiat (F < 1lineecha); howeer, tre
main effet of regomse e was sigificat—lit JEt
arely [FQ,23) = 4.28, mse = 5.15,p= (0], A gester
prpartion of K thenR respnses to irewords was ot
fourd inGardirer’s (19883) experimets, prdoaly be-
care falepsithe Ees taoed tole loer there then
tee

Rurrther aalyses ware uroertaken to aonfim thet e
prooortion of K resomnses o taroet words relidoly ex—
ceeoed treprgoortion of K- resomnses to luess., ewas i
cbedfardt)bes), both for lov-fregqecy [ = 3.3,

=0.03,p, < .01 ardfcrh@rftegﬁr,y rA =
338 se = 0.03,p < .00 words
ﬂeseﬁrdrgsﬂete&xepraméme&uobrmﬂatﬂe
Incidece of K resposss was greater for la-fregqency
ten for hich-freqency words. Trstesd, the word-

reaﬂtjsrd:msjstetmﬂltfewﬂatﬂemrd—
freqency effedt: is atribitade to increased familiarity
(Vardler, 190) arerecael fiecy (Jacdoy & Dalles,
181).

EXPERIMENT 2

The purpose of Experdiment: 2 was toaarpare “remem—
ber” and “know” measures of crscioss anareress in
reconiticnmemory for nonwords and words. The point
of this carparisom was to ssewhether the recognitian of
norwords richt e assaciatedwith an increase inthe in-
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cldence of “know” regoosss, apsssinility suopestedloy
evidene of enhanced pereciel fluecy in normword
recoition (Trstan, Dark, & Jaadyy, 1999). The -
taalewas similar tottat of Experdiment 1. Tfcerascaal
ey isertenced fornowords, Elaametowards, then
trere duld ke more “know”” resoonsss for narwords
ten for wards.

Method

Subjects. The subjects were a further 20 undergraduate students
who were paid for their participation in the experiment and were
tested individually.

Design and Materials. A set of 60 items—30 nonwords and 30
words—were chosen such that all items were of four-letter, one-
syllable length. The nonwords were all readily pronounceable; items
that obviously sounded like or looked like real words were avoided.
The words were all chosen to be highly familiar. Examples of the
nonwords are: JOSP, LORT, KLIB, ABST, and SOTE. Examples
of the words are; WASH, GATE, SALT, YEAR, and MALE.

There were two alternate study lists, each consisting of 15 non-
words and 15 words. Half of the subjects received one study list;
halfreceived the other study list. The recognition test consisted of
all 60 items from the complete set; hence, target items for halfof
the subjects were lure items for the other half. In this test, for each
item the subjects recognized, they were asked to indicate whether
they could or could not consciously recollect its prior occurrence
in the study list.

Procedure. The procedure was similar to that of Experiment 1.
Study lists were handprinted on a deck of cards and presented at
the rate of 2 sec/item in an order randomized separately for each
subject. The subjects were told to memorize the items for a test
to be given on the following day. The 24-h retention interval was
again intended to reduce the risk of ceiling effects. For the test,
all 60 items in the complete set appeared, in a single constant order,
handprinted in 3 columns 0f20 items each. The subjects were given
test instructions similar to those given in Experiment 1.

Results and Discussion
Figare 2 sinmarizes the prrcical esilts, which are

themean pdadilities of R and K resomnsss for recooni—

tontarges and hues. The figre shows agiitedifferat
EtEmof readlts fornarwords ard words. Target reaog-
niticnof nawords, aarparedwithwords, was assaciated
with a marked increese in the incidae of K regaosss
ardadecresse inthe incidaee of R regoorses. Falseposi—
the mEes did rot differmuch foxr nowords and words,

bt false posithe Ees were hider fr K then £ R
TEOOEES.

These firdirgs were analyzed ina simi larway tothcee

of Experdrment 1. For taret itars, the madlts of te
ANOVA showed ttetreitherthemain effet of regomnse
Hreror tret of norwords versus words were sigificant
(F < 1inheach @), bi the Ineradon between them
was hichly sigifiat [F'1,19 = 18.6, mse = 4.05,
p < (). For ues, e resiltsof e ANOVA showed
thet reitter themain effet of narwords versus words ror
the iInsractionwith resomnse pevere siqifigt (F< 1
neach @®); however, trenmain effet of resoonse type
was sigificat- tistine, hidhly sigificat [F({,19 =

16,9, ms' = 1.0, p < (0. The prgoortian of K
resoress 1o taet itans eliddly excesced the orgoor-

6
Nonwords Words
> '5 ~ "Remember'
EE "Know"
1 4
V)
’é -3
12
0 J
Target Lure Target Lure

Figure 2. Response probability in the recognition of nonwords
versus words.

tonofK resporsss tolues, oth fornorwords [i(19) =
3.65, s = 0.06,p < .00]ard forwords [£(9 = 2.45,
se = 0.2, p < .05,

These firdirgs damostrate tret the recomitiocn of non-
words, wparaimiﬂlﬂatofmrds was refledednmore
InK regposss tten N R regoosss. Raolladtive ex-
perienevas reded innorword resogritian, and recog-
rnitilmwas acaoplished toamuch greaterextat: intre
aoserce of aosciass remlletdion. This resilt is com—
pleely crsistat with te view tret perecasl fliecy
artribites more o norword then to word recognition

(@rstmecal., 199 . teefoe spoorts ttehypothe-

sis tret “remamoer” and “know” measures r=flet

qﬁ]matmelydlstm:ompcrmts ofmamory, ratertten
differaess intrae

The reailts of Experinent 2 also anfimm tre firding
framExperinent 1 ofhider fAlsepmsithe raes forrecoy-
rition ccisias made in the aosence of remlledtive ex—
perence.

EXPERIMENT 3

A hich lael of meaoonithion performence for “know””
resoasss means et ttese resoosess carrot e eqated
withweak trace soergh. Rt acremight argee thet ifae
were totake cnficecs, rater ttenperfomancs, asan
iroex of trae stragth, tten ane mignt fird et a hich
le&l of perfomance flets an increase in the prgoor-
ton of resomses aoout which sbjedts are not very con-
fidet. For these reesas, Experinent 3was desigred to
sevrether thepattamof resilts daained inFxperinent 2
would alsoke doained with eonfiidence ratings. Seecifi—
ally, tre anial gestic was whether norword recog-
nitian, relatvetoword reconitian, isassociaedwithan
Increase in tre aroportion of decisians doout which sio-
s are usre.

Tulving (19830) descriled a sty inwhich sojedts
gave both W ramarber” verss “know” resoosss ard



anfidence ratdres intleir recomitionperfomencs, and
he faurd tre two neasures tole aonelated gqrite hichly.

One would, of carrss, expedt thet el ledtiveeeriane
romally provides are kesis for anfidee anel:Eor
mence. Rut Tulving'sprocediare of having slojpts give
both anfidence ratirgsand W remaroer” verss “know”
regorsss & the sare tine micht inflae the coelation
etween tre two measures by encarraging sbpds tolase
theiranficence ratings on their el ledthve eeriace.

For this reasm, we daciced to radlicae Fxperinent 2 in
all respacts exopt that we had abjects give anficence
1atires irgtesdof N ramarber” verss “know”” resaoses.

Method
Subjects. The subjects were a further 22 undergraduate students
who were paid for their participation in the experiment and were

tested Iindividuallly.
ardPoosdxe. The design, materials, and

procedure were identical to those of Experiment 2 except with
respect to the recognition-test instructions. These instructions
directed the subjects to give confidence ratings instead of measures
of conscious awareness. To match the two measures as closely as
possible, the subjects rated their confidence in each recognition de-
cision using only a 2-point rating scale labeled “sure” and
“unsure.”

Results and Discussion

Figre 3 sumarizes the prrciral resilts of this ex—
perinent. isdovious franthis figre that norword tar-
CEL reconition wass rot associated with any increese in
treprgoorticnof decisios doaut vhich s bpdswere un-
are, and tret anfidence ratiros in targsz=item recogni-
ton do not show a similar interadtion o thet doserved
previasly with measures of crscias amreress. The
dnplication is thet measures of ansciaus awareness are
rct sinply egrivalent toanfidence ratrgs, eventhoh,
noggeal, iisprdebly te tret siojects’ anficence
isaxelaedwith treirenlledthesqeriace. Tnthisco-
redian, itisworth roting thet tre aonfiidence ratirgs of
ﬁl@p@ﬂ%mdd@m&qoadwﬂlm&mof
axrscias anararess, In e, for both words and non-
words, agreaﬁerprqzortjmofﬁalsemn\em
was assaciated with the “nsure” anfidence retirg.

For aonparisomn papeses, we S}B]qunrtamlys&sof
ﬂmedamsjnﬂjartoﬂmemtedﬁrﬁgtetjnmts lad
2, tetdrgpositive N e’ and “unsure” Judgrents in
tre sare way a5 “ramarer” and “know”
For taroet itars, tte reniltsof tte ANOVA showed tat
therewas amain effed-of reqonse tyee [F(1,20) = 5.03,
Mse = 9.26,p < B, bitreitterttemaineffat-ofnon-
words versswords [F(,21) = 1.34, msc = 3.40] ror
tre It between them [FQ,20) = 1.4, mse =
2.9 was sigifiat. For res, rerssitsof tte ANOVA
showed tret the main effet of resoree type was hichly
siqifieat [FQ,2) = 26.22, ms, = 2.64,p < .001],
bt reitter the main effet of nowords varsus words
Fd,22) = 2.10, msc = 2.&2] ror tre Inssctionlbetwaen
than (F < 1) was sigifiat. The prgoortion of “un—
e’ regoses 1o tarcer itars relidoly exceaded tre
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Nonwords Words

Target Lure Target Lure

Figure 3. Confidence judgments in the recognition of nonwords
versus words.

of “unsure” resornsss to urss fornonwords
@) = 2.07, se = 0.0, < .0B], utrot frwords
) = 1.4 se = 0.0, p, < .0,

GENERAL DISCUSSION

Pe:ogntjmnerrory irnolves twoneasurable saesof
aarscios anareress, ae daraderizedoy sare geecific
rem]lectmeeg:emete, are daracterizdoy theaosace
of any sxch exeriene Gadirer, 1983; Tulvirg,
198D . The gl of the presat ressarch wass toprovice
firtrer evidence aoout whether these two daes of con-
scias anareress eflet galitatively distind: caponents
of reconition perfomance, atter then sare witary
dimension such as trae soargh. This dal-copanent
hypothesis was supppsted by tre desr-at dissociatdas
peviazsly doservedwith lerls-of-aromessingand gener—
o effets; reither of these effedts coorred farwords
reconized inthe dosence of any el ledive experiace
Gadirer, 19839) . However, inthose previos sadies,
recogition intre dosence of recdl ledtiveexperiencevias
otaly tei variddes, twas
alsoassaciatedwith 1ow laels of perfomence. This low
leEl of performencemakes ﬂardtomrp]etelydls:mt
trepessibility et this daeof ansciaus awareness sim-

aition in the dosance of recolledtive experiance is
ot alweys assaciated with 1ow legls of performence,

2] re:ogutjmmﬂeabsateofmﬂled:me@mrﬂﬂte
tlm, ard @ recomition intte desance of remlledtiveex-
perence is rot merely eqrivalat t judgrents doout
which sjeds are elaiely vare.

The firddaal dissooiatias deserned here ard inprevi—

as, similar sadies Gardirer, 19883) syport tredal-
carponent. hypottesis, it we concade tret they do ot
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careel it hatdailar, they do rotrovice evidence of
reversed association, a formofdissaciation tta Dunn ard
Kirser (1988) havwe arged isa sounder kesis farmak-
ing such clains then dter, more conmmon dissociabians,

Inchding dodole dissaciados. Tnadtitian, the acogota-
Kility of aur caclusion decends on accecting the valic-
iy of themeasures wsad. Rut thealidity of thesemea—
ares isattesedby ﬂepatﬁamsofr&ﬂﬂrst}eypmdre

trecitaarehidhls Also Inportat inthisaa-
redto is tre firding thet ineseadhe of differances in
resosss to reconition taets, false positives inlsoth
Experiments 1 and 2 irchuded farmore “know”” then
“ramamoer” regooses.

The thet trese twoneasures refledt sarething
otter then trace soargth isrot todeny thet, asageeral
nile, soaoermarories will ke posithely corelaedwith
sharcer el ledttive exeriaces and hidrer laels of con-
fide (MUlvirg, 18%). The poirt is tet stay
marories are ot invaridaly theee tet invoke sare
relletiveegerats, a5 freaple, when recoqiiz-
Ingavery fanliarperson ait of his ar her normal. con—
=t andleinggite urdble toplace the cotext arlring
aythingelsstomind. Tn such ciranstances, feslirgsof
atarrassrent arediredtlyroortiosl tofeelingsof can-
fideee doout knowing who tte persm s Tha similar
vay, arenidghtle conficat doout recoonizirga normword
franapedas sody 1id, and yet giite urable tolxing
lack tomind arything doout the coaarrence of theb non—
word. With words, rater then nonwords, itispresun
dolymuch essierto encoce geacific ageadss of e argi—
ral aoted, ard S0 o lring these ack tomind in e
rmomitin et Thus, there isno el ircansistacyle-
tween the mladaehics doservad here among erfor-
mence, anfidee, ad reolletthe and e
relatiaghics doserved In Tulving's (198%0) sady.

The presat firdirogs and caclisias are treaetbically
Inportant frTulving's (1983, 1985, 198%0) diddnddon
between pisadicmemory and crermemory Systars, ard
fordel-anpoant treres of recoiitionmamory, car
Uaﬂaiyﬂmeﬂatas&neﬂﬂ:cmofﬁmﬁecamﬂts
correspoos with fami larity (Verdler, 1980) arpercgo-
tal flieoy (Jacdoy & Dallas, 1981) and gives risealso
o priming effets in Inplicit mamory

In Tulving’s (1983, 18m, 198%0) schsre, reollec-
theexperiene isadefinirgprgeerty of treqpisadic sys—
tan, 20 “ramaner” regoases may ke thodht topro-
vice a mlathely “Youre” measure of atpot fran this
worcHfrequency effet, lile the larls-of-pomssing ef-
fect ard tre ogreration effedt: (Gardirer, 19833), occaars
aily for regognition acompanied by rexdlledtive ex-
perience. The saeof crstias anareress daracterizd
by “know” resorsss isadefinirgorgeerty of the saman—
e memory systam. Sarentic knowledoe is tpically
r@aﬂeaimﬂeabsemeofany seecific recolledttive ex—
periace. However, because nonwords have no saantic

of crscios aereressmay also reflect sare ater form

ofmamory. A plasiblecariedire istrat thisather form
OfHHnOfy may ke ﬂ'Equasim emory (Qy_[) Systenﬂat
Hayman ard Tulving (1989, inpess) have proposed to
a “razeless” mamory systan ttetmay e more clasely
relardtoprocedral then to sarenticmamory. ksfine-
tHoral praeerties are assured to irchice trenajor darac-
teﬂS:lcsoer@mtnemryperfomameasmranzai
in Roedicer etal.’s (1989) accouat of e tasfer-
Forariate progessing (e also Ridardsan-
Klavem & Bjark, 199 . Among tresedaraderidbcsare
a lack of sysitivity to caecael factars and a grester
Ogpercence on cata-driven fadtors. Moreover, informe—
tanintte QM systam isknown tole hichly resisat to
foopttdng eg., Slaren, Hayman, (hta, Iaw, & Tulv—
g, 199). Tn lire with this cogecare, recoonition
memory intredosence of remlledtiveeerience hes also
been fourd tole qiite resisat: to fooettng. Over reten-
tan intenals ranging fram 10 min to 1wesk, “know”
regorsss have been ford to ramain essatdally un—
cdharnced, ardvirtiallyall the foopttingocarred anly in
" remenoer” Gardirer, 1935; Gardirer &
Ba, 1989 . Rerbges “know” regomses in recoonitian
memory provice a relathely “oure’” measure of adout
fran e QM systan

This caTiedare is rot rdalen-free, @Ertiailarly be-
caee of the anfusad sthation with regeect tonorword
primirg effets (eRidardsnKlavdn & Bjod<, 1988,
fraraedas; ssealsoDuchek & Neely, 1999) . Expecially
prdolatic isevidance thet amesicatats do rot show
narword primirg efther inpercectal idetificion G-
mek, Talbot, Gardler, & Wollarst, 1985) ar lnanon—
word stamrcarpletion task (Diamond & Pozm, 194).
These remilts sugpest thet norword priming effeds In
menory-uninead red adiltsmust ke episadic inargin. On
tre ader hard, there ismore reoat evideoe ttak am—
resictiatsmay show priming effets for nowords,
ard tret whether ar rot they do so dgperds on tre edadl-
ogy of theamesia, rot tssserity (Carmek, Rlackford,
O Caror, & Bleidh, 1983; Gordm, 199) . Thisevidene
s Inportant ecause ttdirectly inplicates sare system
dtrer then goisadic ar sarantic merory

From tre stadmoint of tv\o—ompcnent therdes of
raoitionmemory, “know” vy Qor-
respad with familHarity (ardler, 1980) ar
flieyy (Body & Dallas, 1991), ard “remarboer”
resomsss reflet more eldooative, cacspaelly driven
proessing. These thexdes, tao, are gererallywell s
parted by the pesat meailts and those of Gardliner
(1%8%) . However, ﬂeﬁrﬁugﬂattkemrd—fteq;erw
effett dgoerds on CCIHILOJS renlleddion, lile leelsof-
processirg and effats, isrot aaysisantwith
theview tret increasad fami liarity arpercgpa el fliecy
acoounts ooth for thisworckfrequency effect ard fr thre
enhanced priming of low-frequency words ineercgcanl
dartifiction. No carparablepraolemexiss with regeadt
t© arr carparism of norword with word recomitian,
which directly sygoorts tre view that peregcnal fliecy



is erhenced in noword recoonition (drston et al,
1985 . We do rot know how this ggearent discracarcy
intteperegtaal flieoy inepaation istobe resoled,
Bit we sugeect thet itsresolutionmay tumadt tole con-
rected with the firding et there isgreater dgoendence
etiween normword recoonition and percepnal icetficae
tficton (Jacdoy & Withergoom, 1982; drstanetal.,
19%85).

Firally, itshouldle bome inmind trat the distinddon

bemeenﬁretwo datesof arnscias awareness measured

" remarer” and “know” resporsss gyplies to In-
dividel itars, not tothe artedt.
When givinga “know” regooss, tisalyatte lasl
of tre irdividal item that sivjedss have no recolladtive
o of tte sady lidas awole. This poirt: is siguifi—-
antlecarse imeans trat this kind of recomitionmemory
mym@]l\a]ﬁtmmurce amnesia—that ]SﬂEflId‘
ing thet pegplemay know same newly learred fadshit
ot remaner et these fadswere acqriredearlierintte
exgeriment eg., MIntyre & CGraik, 1987; Stecter, Har-
khik, & Mlachlan, 1984)— ardlecase aresics lack
rellettiveseriae a thisgldal leel, ot jstattte
leel of irdividal itars.

Neertteless, as RidardsmKlaven and Biark (1989)
pointedat, mamory-uninpaired adiltsmay qrite com—
monly have reool ledtive exceriences in nplicitmemory
s, Troked, thiswas a major reasm for Ridardsan-
Klavehn ard Bjork’spreferance for usirg the tems ex—
Rlicitand Iplicit memory to defire saes of anscios
anararess ratterthen types of mamory &t Rrttemore,
irospendence between eplicit and nplicit measures of
rEEHaches ot seem todepend on slojedsalways e
Inguenere, aruninformed, thet the Iplicit test relates
tapeioxlypressted sidy i, For eanple, lagls-
ofprosessing effedts ocour inrecogitionmemory ot ot
Inprimed fragrent capletian, ardremg]ltjmmemry
ard prined fragrent anpletion are stodesdally in-
G, even thouch sbjadts are told thet sare frag-
ments in the carpletion test are fragrents of sadAist
words (s=Gardirer, 19880; Gardirer, Dawson, & Ut
o, 1989, famore disassionof thispairt) . The irndgeen-
dence arises sinply fran directing sojpcts to caplete
ﬂeftagtmts Jﬂeslcm:neofmatﬂqzrenerber fran

memory erformence seans to stammainly frantreser
dlmlyergaﬁcwmraﬂlaijm. An Tplicit st
atteqxstodlsamgewmre:dlabm, Tdoesct
recessr lyprevent it fram . And lboth sstscaan
Qerate &t the lael of the irdivid sl list itams with sdo-
Jadsheing fillly informed doaut tre reladadnipletwesn
stdy and test lids

One can efireeats amiclerl, as irdividal h
itas, ar atmecmlerl, as the atbre exgerdimental epi-
sk, Thisdifferene ntreaviramental retireofeats
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may armay rotcorregeadwith sare firchvental differ-
amm‘deramreofmtal@@nemandﬂerelabm—
chip etween nmental exeerience ard memory per-
fomarce.
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NOTE

1. In some studies in which we have measured “remember” and
“know” responses, though not those reported here, a few subjects have
clearly failed to understand or act upon this distinction. In nearly every
case, these subjects responded as if “know” meant “certain.” Such
cases are indicated by an exceptionally high preponderance of “know”
responses, and they can be confirmed by going through a subject’s
responses with that subject after the testing session. The present instruc-
tions were designed to ensure that the subjects did not interpret a “know”
response to mean the same thing as poor memory, by giving the ex-
ample of knowing one’s own name. The general aim of the instructions
was to prevent “remember” and “know” responses from being inter-
preted in terms of “ goodness of memory,” and to pin the distinction
entirely to the mental experience that accompanies the memory.

(Manuscript received December 14, 1988;
revision accepted for publication June 5, 1989.)
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Memory forvel I-knomnmusical

was tested first for recogni tion in the dosence afany
seecificmusical artext and then for reall given the

mslcalﬁnraseasawit@dlal

praceding
ae. Pea:gmtlmarﬁm]lmerefqmmbelar@y, but rot corpletely, indsperdent. Moreover,
therewas no evidence afany greater dependency between ran;mtjmarﬁraa]lthan thatprazl—
axly doserved in the relation ketween word recoonition and re@&ll, as sunmarized by the

Tulving—¥i seman law. These firdings significantlyextend the rarnge of ggolicdai lity of this 1aw.

Tt hes leen clained tret there isan anpirical law in
care tole known as tre Tulving-Wiseman law, after
those who discoered tre regilarity et i enbodies
(Tulvirg & Wisaren, 19/5). Tulving andWiseaman pro-
posad et this regilarity cauldloe summard zed mathenet—
iallyby tre followirg egatian:

p(Rn/Rc) = p(Rn) + cipRn) —p(®n)z, (1)

where ttecosatc= 5 Inthisegatio, tre mladm
etween recomnittion and el isasssssed by the condti-
toal pdehi ity of recomitian kx) given e@ll (re),

adﬂeﬂMEdemmdlre:ognUmardmﬂare

well, and Tulving (1987), andNilssm, Iaw, and Tulvirng
(199 . But tre fillest review hes been provided by
Gardirer ardNilssn (1990), who saette lawas fllows:

Recognition of a set of to-be-remembered items in the ab-
sence of any item-specific context is largely independent
of their subsequent recall given item-specific contextual
cues—provided these cues are functionally related to, but
not equivalent to, the target items themselves.

Gardirer and Nilssm reviewsd resdlts fran 78 ele-
et experinents fran 42 pholised artides. These ex-
perinents vielded a toal of 272 differant dosernvatias of
trepdaailityof recomitiongiven reall, and-with few
exaptias— these doseratians all corresporoed gooras-
Inately with the pdei ity of reaognithion given reall
thetwould e epacted, on trelesisof Byation 1, fran
trepdahility of recagiition. The experiments retually

We thank Ian Cross for help in computer programming and James
Hampton and Paul Williams for help in recording the music. Requests
for reprints should be addressed to John Gardiner, Memory & Cogni-
tion Research Group, City University, Northampton Square, London
EC1V OHB, England.

Copyright 1990 Psychonamic Society, Trc.

differed with resect to a gest many varidoles thet
saraely influenced recomition and reall

The lawfulress arises fram tre fat et e relabmbe—
tween recomition and reall rameins elately inat,
cepite this varaaility.

A]lﬂrmeg:emnmts however, conformtoayartar
lar sittation thetwas worked att by Tulving
ard Thamson (1973) ard Watkins and Tulving (1975) .
Tpically, slojeds sudy a id-of taret words, each of
which isacocarceniedby a catextial word tret they are
wldwill ke presated as a reall ae ina laertes. Suo-
Jats are then given soesshwe tests for the recognition
of mrewords inthe dosence of the antextael aes and
forthe remll of tarost words given theseaes. As dswell
known, tre firding that sdojedts often il to eaoize
words thattbsycan el was usad Initially to arge

apirst gererate-reconize theardes of wall, which
predict a relation of decendency letween recomitionard
reall. Aacordingtotteses treardes, any itamina realldde
date isalso ina reaonizable datE, because reall atails
an Inplicit recognize S0, aswell as a grerate sae
(for reviens, see Tulvirg, 1963; Watkins & Gardirer,
199 . Thus, amrd:rgtogere:ate—re:cgmzeﬂmﬂ&;
trepdaaility of recognition given reall should always
Fooraximate 1.00.

Althoch tre Tulving-Wisaran 1law holds gareral ly in
this experimental sitation, a few exceptians have een
doserned. These exaeptias are aases inwhich the do-
servedprdadai lity of recooniticngiven el isgorecia-
bly grester then exeeded.

There are two kirds of exatdian. One acars when the
cotedtiBl aes are rot encooed in relation to treir tar-
s, Inthiseass, the ases provide no additiaal aontex—
tal infomation and so they do not fnddion as effedtive
aes. Intteseciranstaness, ananinal ly asteal] test
isfirddaally lile free el 1. Fxootians of thiskirdhave
een reportedloy Begg (1979) andby Gardtiner and Tulving
(1990), among cers.

The secod kind of exesption coaars when the aontex—
el arss are irddaally eqrivalent to the targets intre
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is larcgly irterent intre taget. Tn these ciramstances,
a raniral ly unoecHrecoonition et is fincdaral 1y lilke
a aecHrecoition e, because tre aatextial. informe-
ton Inthe ae canlee retrierd fram the taogt. Contex—
el arss will therefore aogpin e ireffedtive, it now in
aparison with recomition rather trenwith free el
Exceptians of this kind have been reported by Jones and
Gardirer (1990), Miter (1984), and Nilssmand Saes

tespecific oardary axditias of the Tulving-Wi saren
law, ard itwas forthis reason et Gardiner and Nilssm
referredtottese exegottians intheir statarent of the 1aw.

An emirical lawof thiskird familates what will hap-
pen inarartdadlar sitetdounder given coditias. Any
such law therefore has a st of baundary carditians trat
estrid tsraoe. Thenost inportart: treaetical isseco
caming this kird of enpirical 1aw isitsrance of agolica
The research we desaribe was notivated by the fact et
the Tulving-Wisamen law iskassd etirelyon tre reailts
of warcHlist experiments. Our purpose was todetemiire
whether tre law isresssar ly redridedtoverdtal neterials
arwhether trextands to sare navertal daein. There-
foe, we deciced to inestcate the elation between tre
recomition and &l of msic.

EXPERIMENT 1

We repatttwoeq:emmts exch ofwhichwasmoceled
on Miter’s (1984) sady. Miter’s sidy was a ssartic
memory mmofﬂebaﬂgprocaile There was 1o
stdy lidt. Sjects were given a recomition et fornares
of farous papole, sare ofwhom hedwnigenares €.4.,
Atarturk) and sare of whom had common names 4.,
Cooper). Sopdshed toirdicaewhich naves they recoy-
nized were nanes of farous paple. There was thena
aectreal] test invhich theaes were desridthve drases
erbodymg’denamreaemﬁreadq;ersmsfane (e.g,

“Hrst pt&cjdmt of tte rphlic of Trkey, Kaml:

“Author of The Last of the Mohicans ,
Jares Fenninore: ). Miter fourd tret for
acormmon nae sxchasCogeer, trepdaaility of recog-
nition given el was much as exoected fram Equa—
o 1, bt et for a nige nare tre pdadaility of
et given el was virtially 1.00. He inepazd
this reglt as spearting a version of gererate-recognize
theary according to which recognition is deperdent an
el anly forwords of sirgleneaning (s, eg., Racer,
Ackerson, & Biak, 194). Inthisversionof the theary;,
words of singlemeaning are assured tohave aly ane
resatation InsaEnticmemory, andacess tottetae
repEsEaton is assured ot tole inflieneed by con-

RECOGNITION OF RECALLABLE MUSIC a3

However, inrecognizirg Atatirk as ttename of a fa-

mous persm, Sbjedts presurebly rerierd infomation
aoout the reasas forhis fare, and so reriersdmuch of
the infamation sdssgently provided by the ae. Evi—
dence supestirg et Miter’s (1934) msiltswerede ot
toany rpesriatiasl pgeertes of the names as assured
by gererate-recoonize theory it to overlap inthe con-
te1al infometionprovicedloy e target and trea e was
reportedloy Nilssmetal. (19893), who showed te;, when
treantextial aes were lesspradidable from tre taoets,
the relatdionbetiween thre recomition and el of tnige
famous naes was much as expected fran BEyatian L

In ar exerimets, te sbjpds were firt given a
ooyt test for msical ghrasss taken fram vell-
known tires ar thares, ard they hed to irdicae which
drasss they reconizad. They ware then given a reall
et inwhich each cotextial ae was tre Inmediately
preceding msical dhrase fram the mardadlar tire o
Fleded soas toawid usirgdrasss thetwere reeetitios
ar odemise diredlypredicable fran tre preceding con-
t=dal grase. These grasss were alo sleded oasto
ke ot anly recomizable, it reconizably inige inthe
senee tteteach are qooears Inanly ore wel 1-known tire
ar thare. For exarple, dhrasss taken fram “Rule Rt
tamid’ ar fram tre firt movament of Mozart’s Sym—
pronyNo. 40 inG Minor dorct figre inany odervel -
known piece of msic.

TWhat Tittle isknown aoout memory formusic, inpar-
taiarmemory frmelcdies, larcgly inalves sort-term
memory forrowel ar unfami liar reladies €9., Baldh,
1984; Dewitt & Crowcer, 1986; Dowling, 1986; Jres,
Qnereall, & Marshioum, 1987; Riserts, 198¢0; Sxafire,
Davidsxn, Crowcker, & Ry, 1980 . How does e cgin
aaEss o drass fran well-knomn tres ar thares
reoresatted In savantic memory? One possibility, sug-
ested by gererate-recoonize theary, isttet scchmusi-
@l drasss are roresated insuch away et ae Gairs
direct aaess to each ghrase on heardirg 1t I this is g,
recoonition shouldlee hichly dgcendent on reall, and the
reconitionof realldolemusic shouldbe essentdal lyper-
fadt. This outcare would provice good syport fira
Ererate-recamnize treary acoont of tre ielationbetween
the reconiticnand @l of music, and twould irdicae
thet tre Tulving¥Wisamen law may ke estrided to tte
verkal darein. Alteretively, of corss, tre elabdanbe-
tween tre recomition and el of msical ghrases may
e much the sare as thet etween the recognition and
raall of words. Ifthis isso, the daaaility of recogni—
tion given =@l should ke much as exoected fram
Eyation L

Method

Subjects. The subjects were 18 undergraduate students at City
University, London. They were paid for their help and were tested
individually.

Design and Materials. A set of 18 melodies was selected on the
basis of pilot work indicating that these melodies were highly
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familiar to the population of subjects tested. These melodies were
from well-known folk songs, carols, hymns, and nursery rhymes.
Their titles are listed in full in the Appendix. The first major sec-
tion of each melody was divided into “A” and “B” phrases, not
arbitrarily, but according to music criteria, that is, between rather
than within larger phrase boundaries. The B phrases served as tar-
get phrases for recognition and recall; the A phrases served as recall
cues. The recognizability of each target phrase and its recallability
given the cue were also independendy confirmed in pilot work. The
target phrases were on average 6.8 notes in length (range = 5-12
notes). In the recognition test, these phrases were randomly mixed
together with 18 comparable phrases taken from Polish folk songs
and carols that, though well known in Poland, are not well known
in England. These lure phrases were on average 7.2 notes in length
(range = 4-10 notes). Target and lure phrases were recorded in
two unique random orders; half ofthe subjects received one presen-
tation order and half received the other. The subjects were told to
listen to each phrase and judge whether they recognized it as a phrase
from a well-known tune. For the recall test, the 18 A phrases were
recorded in two unique random orders; halfofthe subjects received
one presentation order and halfreceived the other. The cue phrases
were on average 8.3 notes in length (range = 6-16 notes). The
subjects were told to use each phrase as a cue to recalling the next
phrase from the tune.

Procedure. All musical phrases were single-line melodies played
on a Casio synthesizer and recorded on a Sony cassette, from which
they were played back to the subject through a set of headphones.
The subjects’ responses in the recall test were recorded on another
Sony cassette.

In the recognition test, the subjects were told that they were go-
ing to hear a series of excerpts from tunes that either were fairly
well known and familiar or were unfamiliar. Immediately after hear-
ing each phrase, the subjects indicated whether they recognized the
phrase using a 6-point rating scale ranging from +3 (highly familiar)
to —3 (very unfamiliar). Familiar phrases (rated +1, +2, or +3)
were defined as those which the subjects recognized, in the sense
that they knew the piece of music in which the phrase appears; for
unfamiliar phrases (rated -1, —2, or -3), the converse definition
applied. In the recall test, which followed directly, the subjects were
told that each phrase was taken from the beginning ofa well-known
tune featured in the earlier part of the experiment and that, after
listening to each phrase, they were to recall the next phrase from
the tune. They were given the option of recalling the phrases by
singing, humming, whistling, or “la-la” ing. It was emphasized that
the accuracy of'their performance was more important than its mu-
sical qualities. The subjects sat in front ofa microphone for recording
their responses.

Results and Discussion

Twas dovicus fran the abjeds’ 1@l perfomence
vihether arrot they could el the ggorqoriate drass,
and so saaring real ] presatedno diffiailty. The sojets
were rotealized forminor enars, schasanittirgae
rErtailar rote or drifting sarewhat off kgy. The prin-
ciral wsilts, collgesad over the midooint of the 1ating
sale, are sumarized inTaole 1 (ggeerkalf) and Taole 2
(lefttadluns) . Tanle 1 shows tteceall resprse
fregacies; Table 2 shows thepdeailitdes of recogni-
tany, of reall, and of reaognition given real - e do-
srnadwvalieard trevalie exoected framByation 1 AL
atries iInTdoles 1 and 2 =flat tre fates of irdividal
itars. The mean valiss in Table 2 are ased on valies
alaillated sgarately foreach irdividal sboect, rotan
the aggrecate cita summard zed inTable 1. The averace
falesite Ee in tre recognition e, which isnoc

Table 1
Overall Response Frequency
Recalled Not Recalled Total
Experiment 1
Recognized 199 51 250
Not Recognized 45 29 74
Total 244 80 324
Experiment 2
Recognized 120 21 141
Not Recognized 82 47 129
Total 202 68 270
Table 2

Probability of Recognition, Recall, and Recognition Given Recall

Experiment 1 Experiment 2

M SEM M SEM
Recognition (Rn) .76 .03 52 .05
Recall (Re) 5 .03 74 .03
Expected Rn/Re .85 .02 .64 .05
Observed Rn/Re 81 .02 .59 .05

shown intrese tdles, was .35 all sdojedss scored con-
sicerably more hits then false positives

The regilts summarized in Tables 1aml2 show tret
tre sojpdts were aole to 1@l much the samre pracor-
tonof thrasss thet they were dole to recoonize, ot et
these ware ot dll the sare adual drases. That i the
sbjeds soesshilly realledqitea fawdrases et they
failed to recoize. Moreover, the deserved prdedai 1ty
of recoition given reall carrespandks firly closelywith
treepectedalie. Tpiatly, thesemeasures of recog-
nitiongiven reall provide no evidence of any gregterde—
pendency between recoonition and reall then thetwhich
has previaslyleen fourd inthe relatdon between word
rmeconiticnand reall. This cutcare provides no Sygeart
e &ole toaaoont fortte recognition and el of msic.
Ins=sg, it extiads tte rarnoe of gplicaility of the
Tulving-Wisamen law fran veral tomsical itens.

EXPERIMENT 2

Althoh presanted inparelynusical fom, thenmelo-
diesusad inExcerinent 1 have associated tedsar Iyrdcs.
In recomnizingdrases frantheserelodies, the sbjacts
may well have nplicitly retriersd sare of thisverkal in-
fometion. T isknown tretmemory frmelody and et
isinegated, at lesst invecogni zingunfami Har folk saos

@ eq., Safireetal., 19509 . So tsearspossidle s,
o sare extat, the relationbetween the recogniticn and
el of tremusic may have been mediated by knowl—
ede of tre assooiated tet ar Iyrcs. Accordingly, Ex—
perinent 2 was desigred 1o test the relicaility of Ex—
perinent 1when thenelodies used had no et ar Iyrics.
Theseneladies all axsistedofwel 1-known thares fram
Classical msic.



Method

Subjects. The subjects were 18 undergraduate students at City
University, London. They were paid for their help and were tested
individually. None of the subjects in Experiment 2 had participated
in Experiment 1.

Design and Materials. The design was essentially the same as
that in Experiment 1, but the materials were different. A set of 15
melodies was selected on the basis of pilot work indicating that these
melodies were quite familiar to the population of students tested.
This was a set of slightly fewer melodies than that used in Experi-
ment 1, because it proved to be more difficult here to find melo-
dies that were sufficiently well known to be used. These melodies
were all themes from pieces of classical music, as cited by Barlow
and Morgenstem (1983). They are listed in full in the Appendix.
Each of these themes was divided into A and B phrases, as in Ex-
periment 1, for use as recall cues and recognition and recall tar-
gets. As in Experiment 1, the recognizability of each target phrase
and its recallability given the cue were confirmed in pilot work.
The target phrases were on average 12.1 notes in length (range =
8-24 notes). In the recognition test, these target phrases were ran-
domly mixed together with 15 comparable lures. The lure phrases
were other themes cited by Barlow and Morgenstem from relatively
unknown pieces of music by the same composers whose music pro-
vided the target phrases. The lure phrases were on average 12.7
notes in length (range = 9-28 notes). The cue phrases in the recall
test were on average 11.5 notes in length (range = 7-20 notes).

Procedure. The procedure was also essentially the same as in
Experiment 1, except for the instructions in the recognition test.
A preliminary version of the experiment revealed that subjects were
occasionally prone to say that they “recognized” a phrase when
they meant only that they recognized the musical style or period
rather than the specific phrase and the theme in which it occurs.
So the subjects were instructed that it was not sufficientjust to recog-
nize the composer’s style or the period in which the music was prob-
ably composed. They were told: *“You must recognize the specific
theme from which the excerpt is taken. This does not mean know-
ing the number of the opus or symphony or its name. You may,
for example, recognize that the excerpt is from one of Elga, ’s best-
known orchestral works, but not remember which one it is. The
important thing is to be sure you do recognize the particular excerpt
from a familiar piece of music.” The subjects were also told that
all the excerpts they were to hear in this test were from pieces by
well-known composers, some of which were their best-known com-
positions and some of which were their least known compositions.

The recall test was conducted in the same manner as before. One
subject turned out to be incapable of rendering any kind of musi-
cally intelligible performance. This subject quit and was replaced.
There were also a few occasions on which the subjects did not
produce the complete phrase as designated and stopped after produc-
ing only part of it or merely repeated the cue. On these occasions,
the subjects were required to continue until they had produced the
complete target phrase.

Results and Discussion

Saoring el perfomence presanted no diffiadlty in
ceciding whether the sdojedts hed remalled tre agoraori—
aedhrase ard, as inExperdment 1, tre sbojpdswere rot
peralized for slidtentrs, such asanitttngan coasiasl
rote ardeviating sarewhat. fran the conect hytim. The
rincical resilts are sumarized inTaole 1 (1oaer balf)
ard Taole 2 (ridhthard colums) . The averace false-
positive i|ae inthe reconitin testwas .17, agorecidaly
less then tret inExperdnent: 1. All ot 1 sbojedt scored
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more hitsthen falsepositiesy thissbedt scomdanegal
nurber of exh.

The reailts show et recoqitian, ot rot eall, was
lower inExperiment 2 then in Experiment 1; however,
Incder regmts, the findings are smilar. The sbjpdts
aopin soesshully recalled grite a few drasss et they
hed fEiledtoracmize. The doservedpdai lity of recog-
nition given el agpin correspacs fairly clesly with
the expected valle. There is aggin no evidance of any
grester deperdency between recomition and &l ten
etween e recomition and =@l of these musical
drases was essadally the save as thet inExoerdiment: 1.
Temay e aoncluoed trat this relation also dozins when
the nusic has no assooiated et ar Iyrdcs.

GENERAL DISCUSSION

The purpose of the experiments described inthis artd—
cewas totest tregrealityof the il ving-Wisaen law.
Hitterto, this 1aw haslbeen doserved anly inexeriments
wsingword Tigs. This fat raises tre gestian of whether
tre law isresssarily resrided to the verkal damain ar
whether it aplies to dter domins. The resilts of the
experinents davastrate thet the lawexdands totte recoy-
niticnand reall of msical drases. Thisexasinof the
grexality of tre Tulving-Wisaren law sigificatly in-
areasss 1ts theastical inportance.

It isof ineest to carpare arr regilts nore diratly
with resilts fram save of theexeriments trethave usad
veral naterials. ] Figare 1 reorodaces resilts fran 40
differert caditias intre first 12 such experinents, as

RECOGNITION HIT RATE

Figure 1. Probability of recognition given recall as a function of
recognition hit rate. Based on Tulving and Wiseman's (1975)
Figure 1.
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sumrerized by Tulving and Wiseman (1975). To this,
we have adbed aur resits, which are shown by theqoen,
An apirical law sumerizes a qysiderable, ader-
at stof dsenatias. Bi, irsdfaras tispedicaveand
Tgives ucerstading, talsoheselastayahe. The
eplarstim lies sinply inthe statavent ar descripdanof
tre lav. Inthiseass, e can say et SuEssive recog-
ritionard el of the sare s-of itars will always be
laely irdgoeroets- gooaxdinately totteedatpedided
byEyaticn whernever treraall envirament irchoss
effethe antedial ares et were rot pesat in te
ﬂm@e@mlla@myberegard&iasma]ﬂ
retive formofeplaatio (@elatkins, 190), teyas,
of carss, alsogeen toeplaﬁbasofamre faniliar
ard covatiasl sat. Foreanple, Flexserand Tulving
(1978) roposadacarputer similadonnoce] of the fire-
ton et isantodied inthe Tulving-Wisamen lar. nthis
HCCE]., Q’EaSSlITgianSﬂHtOfretrieval independence
Inrecoition and reall. That i knowing what adtial
festires are encoced fram the taret In the reconitdon
et does rat pedido what: artial feshireswill e encoded
fram tre ae intte =@l &t On isown, thisassurp-
ton produces anplete irdsoendence between e tests.
But the reladondeserved isore of slidt arnoderate de-
percercy. Arcther assunption accarts for this degree
of dgperdercy, which istteassinption thet ierisal in
each tegt isdirededa tre sare memory traee, Also, suc-
ass & el ineach test isassured todgcerd on tre
encoding seecificityrrciple. Thismodel proved rarark—
doly soessful inmimicking the doserved relatbion e
tween recoition and el . Furthemore, incdertess
of treirmockl, Flexsar and Tulving showed thet when
the assinption of rerieal indsperdence isrelaed, o
thet fesres encoded fran the reall aelbecare pradict—
dole fram festires encooed fram the recoition taoet,
much more dgperdatt. This correspands with tre siie-
tion iInwhich tre =@l ae is firddaslly egqrivalat t©
tre rmooition tager. Tnteestirgly;, the Flexser-Tulving
mockel may also ke usad as anore gereral theoetiaal
framework forurderstanding the relationbetween perfor-
mance inany two seessiveteds. Forearple, tremocel
canloe used o Infepret dosenattians of aplete indgpen-
dence between sxessiwe tests as evidane fora “oee-
lesd’ memory systam (seHayman & Tulving, 1989).
Degpite tre achievarent of the Flexser-Tulvingnocel,
ctrermocels can alsoaccount for tre Tulving-Wisemen
law. Jres (198, 1%83), frearple, has derelaed a
dal-edanismnodel of reaEll tetprovides an alteme-
theacart (Eealsodaes & Gardirer, 1990) . And tre
1aw can ke reedily acoonmodated by qiite a few dter,
aggreral mockls of memory— aleeit with sarewhat vary-
ing degress of suoess— as Radliffarnd McKoon  (1989)
have reatly shomn. So tre existance of this enpirical

law iscosisEtwithmany arrat treoetial idssdoat
memory fircdan.

The theoetial rabasle for tre experinents descrileed
iInthisarticle, however, did ot stem fram thearizing of
this sat. These exeriments were notivated by the im-
portarmofdstenmrmgﬂerargeofagjmjjtyofﬂe

law. Ard, indavarstrating tratthe law
}Iﬂdsrotjtstﬁxﬂerangntjmandm]lofmrdsbt
also for tre recomition and re@ll of music, arr firdirgs
Supest tes, provided the seacific caditians of the 1aw
areret, imay holdtne forany kirdof to-ee-ramanterad
itamvhatsoeer.
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NOTE
1. We are indebted to Endel Tulving for this suggestion.

APPENDIX
Experiment I: Materials

“All Things Bright and Beautiful”
“Au Clair de la Lune”
“Clementine”

“Ding Dong Merrily on High”
“Freére Jacques”

“Good King Wenceslas”

“Green Grow the Rushes-O”

RECOGNITION OF RECALLABLE MUSIC

“Greensleeves”

“In the Bleak Midwinter”
“London’s Burning”

“My Bonnie Lies over the Ocean”
“O Little Town of Bethlehem”
“Onward Christian Soldiers”
“Pop Goes the Weasel”

“Rule Britannia”

“Sing a Song of Sixpence”
“The Happy Wanderer”
“While Shepherds Watched”

Bach:

Beethoven:
Bizet:

Bizet:
Grieg:

Grieg:
Mozart:
Offenbach:
Prokofiev:
Prokofiev:
Ravel:

Strauss:

Suppe:

Tschaikovsky:
Tschaikovsky:

Experiment 2: Materials

e37

Jesu Joy of Man's Desiring’, 1st Movement,

1st Theme.

Fiir Elise; Opening Theme.
L'Arlesienne, Suite No. 1; Overture,
1st Theme.

Carmen; Prelude to Act 1, 1st Theme.
Peer Gynt, Suite No. 1; 1st Movement,
Morning Mood.

Peer Gynt, Suite No. 1; 4th Movement,
In the Hall of the Mountain King.
Symphony No. 40; 1st Movement,

1st Theme.

Orpheus in Hades; Galop, 2nd theme.
Lieutenant Kije; 4th Movement, Troika.
Peter and the Wolf; 1st Theme, Peter.
Bolero; Theme A.

Waltzes from Die Fledermaus; No. 1,
1st Theme.

Light Cavalry Overture; 3rd Theme.
1812 Festival Overture', 2nd Theme.
Swan Lake, Suite from the Ballet;

3rd Movement, Dance of the Swans.

(Manuscript received September 11, 1989;
revision accepted for publication May 9, 1990.)
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remlledtive experience (know”). Experiment 1 showed that between 10min
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tplemamory systams and processing acoarts of exlicit and inplicit measures of retentian.

Memory lirks tine presat with tine st. Th recogni-
tonmamory, thephenarenal experience of the lirkloe—
tween thepresant and treest can take at lesst two dis-
et foms. Recoonitian can e accanpanied by edtrer
crecios remlletion of sare gecificexperiae ar feel-
Iros of familiarity without any esllective experiace.
Recoonition memory with and without esollective ex—
periencecanbeneasiured oy ™ remamoer” and “know”
regpoess (Rilvirg, 19830 . A “remarber” resomse in-
dicates et sesing the word in the test lidthrirgs lack
o mind sare gecific molleddo of what was ex—
perienced when the word gopsared in e stady it A
“know” resoonse irdicates that seeing the word indie
et Tiddorings tomind feelirngs of fani liarity, without any
recol ledtive egeriace.

Recert sadies have shown tret trese measures of rec-
ayitinwithardwithort relledtiveeperieneprodce
prirncipled axtcares. Quite a faw indgpendent varidoles
havebeen ford to infliee “ramanber” resomssshit

rot “know” resorsss. These varidles irchick lagls
ofpramrgardgerﬂate-\erss—reaisudymms
Gardirer, 198%9), word freqecy Gardirer & B,
1990), divicederas-udivided atatioan (Gardirer &
Barkin, 1990), intentical-verss-ircicatal leamirgand
nuner of reearsals (Vbecken & Hampsm, dr—pceﬁ)
pt&sentatjmnode (Gte;gw&'Ijarduer "Th—oes).

rds (Moo, Garduer
Staray, & &)lomk, m f).

Rt sare varidoles have alsobeen ford to influece
“know” regooses. Canpared with words, norwords
gave ristomore “know” ard fawer “remem-
ber” resooss (Gardirer & e, 1990) . Canparedwith
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yourg adilts, eldely adilts produced more "know”
resorsss ard fewer W ramanber”’ resomses  (Rarkin
Wter, 19). And Blaxn (191) fa;rdasmjarpattem
of reailts after aarparing cata-driven with crcegpa el ly
drivenjrocessing tasks et sudy and alsoafteraarparisons
of enilgdtic ratiarts who hed left-taporal-1de lesias
witheat letticatientswho hed richt—tenporal-ldee lesias.
Thmany Gses, these e dliskear a sriking resanolance
totre regilts fourd incarear sons betoween performence
Ineglicit and Inplicit memory tess (fixr revians, se
RidrardemnKlavem & Biak, 1988; Stecter, 197). For
eaple, leelsaffiressirgjtaebean fordtoinfiee
perfomence in eplicithit hot mplicit tegs Graf &
Mardler, 194; Jacdoy & [allas, 1981); similar resilts
haveleen fard fr resd sidy coditias
Gadirer, 1983, fordivicederss-urdiviced atettion
(Rrkin, Reid, & Risso, 19), ard for inetbael<ass-
Jrlggmtal Jesming and numoer of rearsals Greare

The theoriesmost directly inplicatedby » rememoer”
and “know”” measures areTulving'’s (1983,1985%, 185
andMardler’s (1990, 1983) disdrddmlbetween
treeldoation and the adtvattion ar integration of infor-
matJm In Tulving's theary, a "remember” resomse

edgeré:me\aifrcm samentic memory is ot rnomally
acaarpeniedby el lediveegeriance. hMandler’sthe-
ay, a “know” resorse isdaracteristic of the adtiver
tonar inegation of infometian, because tisadbvatian
ormte;rabmt’ratgl\m rise to feelings of fanliarity;
relletthe ishased on eldoyation.

Thes alsobeen Gardtirer, 19%83; Gardirer
& Jam, 1990; Gardirer & Parkin, 1990) et “remem-
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ber” ard “know” resomsss canlbe jnterpﬂaimiﬂﬁn
a thexetial framework trat aatbines Tulvirng's (1963
19853, 1%€) ﬂﬁxymﬂlﬂettasEerq}xqmatepro—
@essirg accont of differances between elicit and im-
Ricitmeasures of reEtion Roedicer & Blaxcan, 1987;
Roedlicer, Weldon, & Qallis, 1989) . This suopestianac-
cackwith a thearetdaal ragorocharent reaently disassad
by Hayman ard Tulvirg (199), Sdecter (npress), and
Tulvg ad'Sdecer (1990; seealsfIKicflardsmKladn
& Bjak, 198; Roedigeretal., 199). By thisagxuat,
“rementoer” respanses dgpend an aanoectiel progess-
g Ingpissdicmamory, and “know” regomsess e=flet
Gaar-drivenyarocessing, ar “pereactal fliesy” (Badoy,
1983; Jacdoy & Dallas, 198l), pertees arsirg frantte
repEsEation systams Tulving and Schecter
" (190; sealsoSdeder, inpress) have reeatlydisassed
In relaticirtprimirg.

This sopestiaon is™ Jlsmrted—bybjereaﬂrsofﬂe
stadyby Blaian (1991) on reaonitionmemory ﬁrab—
Sradtvisogatal assigs. Rlaxtan showed thetmemoryy
ninpaired adiltsmade more “ramarer” ﬂm“]mow”
resooses follovinga cocgpal Iy driven study taskand
more “know”” then “ remamer’” resomsss folloning a
Catardriven sy task. Moreover, she showed thet recprc-
Jess of sidy tagk, epllatbc mbants with leftapoal-
1dee lesios ard inpaired verkal memory made more
"know” then " remaroer" resoosss, and goilatica—
Hatswith richt-tapoal-ldee lesias and inpairedviso-
gatal memory made more “remaner” then “know””

TEO0SES.

Dissaoiatias of the kird ford by Blaxton (1991) are
diffiait to recocilewith anocther thearetdaal pessiaility;,
which is ttet “know” resoomnses might merely =flect

ity inthe sadissby Gardirer and Java (1990) ard
Parkin ard Walter (1991) . Gardiner and Java ot anly
ford more “know” then “ramanber” resoosss for
rawords, aarparedwithmore M remanoer”” then “know””
resoosss for words, ot also et the higer lael of
“know”” resporsss fornorwords corresponced with hich
cnficae redres. In a pest hoe aalysis, Parkin ard
Telter showed tret treir finding of more “know” and
fawer “ravancer” regomsss inelaerly adilts carpared
with young adiltsheldgocd even when thecerall legls
of performence in the two age groues were egatad.

The et ressarch was exoected to firtter darify
these theaetdal isaes, egmcially conceming tre inter-
ge:atmof“]mow” Tesposss, Dt the ressarch hed a
straidghtfovard a1 goal— theneed for firtterevi-
e doot tte deraderistics of recoitian
manory asrreasuredby“ranerrber” ard “know” re-
Soosss. Ineach a5, the aimwas to dotain good evi—
dance doot tre persistance of recogniticn memory ard
aoout tre 1ae of foopttng.

haepevios sadywith “rememoer” and “know””
measures thet menipulated retatdon intenal  Gardirer,
1983, Experdinent ), trereware two retention inenals
of 1hard 1wesk. The pracortion of coredt ™ renicin-

ber” resomses ceclired sarply after a week, bt the
rportion of corect “know”” Titthe,
Howenver, the praportion of “know” resomses to ure
words rose sharply afteraweek andwas rot relizily 1ower
then tre prgoortion of corect “know”” regoasess. The
Jaoest retention intenal overvhich trere isevidence of
acarate discrimiraticn with “know”” resomses is24 h,
a raeEntion intenal used by Gardirer ard Java (1990) to
avoid aeiling effats. Thus, 1t ispossible thet acarate
“know” resomsesmay rotpersist formuch laoer then
a 24-h gericd.

So faras fooetting rate isconcered, thegereral find-
ing sinee the dassic stiudy by Fdoinghaus  (1885/1964),
both in ldooratory stdiss €g., Wicklegen, 1972) anc——
Inaudoicgradhical memory €g., Rioin, 190), istat
foroettting acaurs 1apidly &t firdand then slaws down—
althoch invery lag-temmanory, there is sare con-
flicdrgevidence aoout whether there isany foostirg et
al EFridk, 1984; Baridk, Baidk, & Wittlirger, 1975
Syrire, 1999). The 1ate of foroething is raverkaaly im-
mune totreeffetsof most irdgoardent varidoles (Under—
wood, 19¢4,1969) . Eisinportat torotetts;, asSlavecka
andM:E]_tee (1983) havenore recatlyonfimmed, these
variddles inchuok arigiral degree of leamirgand itemdif—~
fialty (seBadkley, 1990, for alxdef raviaw).

We descriles two simi larexperinents, ineach ofwhich
adifferent grogp of abjats was assiged toeach differ-
at reEntion intenal. Tn Fxperiment 1, the reatdon in-
tEnalswere 10min, 1h 1day, and 1week.

EXPERIMENT 1

Method

Subjects. The subjects were 64 undergraduate students at City
University, London, who were paid for their participation in the
experiment. They were allocated arbitrarily to one of four separate
groups of 16 subjects. All subjects were tested individually. Three
subjects, all in the 10-min group, evidently failed to comprehend
or act upon the instructions. These subjects were replaced.

Design and Materials. The experiment involved a single-factor
independent groups design, with retention interval as the factor.
The four retention intervals were 10 min, 1 h, 1day, and 1 week.
Subjects were allocated to each group partly by order of arrival
at the laboratory, partly by availability for testing.

The stimulus materials were a set of 72 words selected randomly
from the materials used by Tulving, Schacter, and Stark (1982),
subject to the exclusion ofa few words likely to have been unknown
to some of the subjects. The recognition test lists consisted of all
72 words. There were four different study lists, derived from two
random divisions of all 72 words into equal subsets of 36 words.
The four different study lists resulted from counterbalancing tar-
get words and lures within each such division. Within each group,
each study list was used equally often.

At study, the subjects were told simply to memorize the words
for a subsequent test, the nature of which was not specified at the
time. At test, the subjects were required to give “remember” or
"know" judgments for each word they recognized.

Procedure. The study-list words were printed on a deck of cards
and presented at the rate of 2 sec/word, in an order randomized
separately for every subject. The subjects were told to memorize
the words for a subsequent memory test, about which they were
given no further information until the test began. The subjects al-



located to the 10-min retention interval were during that time en-
gaged in winsome conversation with the experimenter. The sub-
jects allocated to the other retention intervals were dismissed and
told to return to the laboratory at test time but, in the meantime,
not to think about the words.

For the recognition test, all 72 words were printed, in a single
constant order, in three columns of 24 words each. The subjects
were instructed to work down each column carefully in turn, drawing
a circle around any word that they recognized from the study list.
In addition, they were told to put an “R,” for “remember,” or
a “K,” for “know,” alongside each word they recognized. As in
previous similar studies (e.g., Gardiner & Parkin, 1990), the sub-
jects were given a typewritten set of instructions describing these
two kinds of responses, supplemented by oral instructions for fur-
ther clarification as necessary. A “remember” response was
described as some specific recollection of what was experienced
the moment the word appeared in the study list. Examples included
an association with another list word, an image that came to mind,
something about the physical appearance or position of the word,
or something of personal significance in autobiographical memory.
A “know” response was described as recognition that is without
any such item-specific recollective experience but that is accom-
plished on some other basis, particularly feelings of familiarity (see
Gardiner & Java, 1990, and Gardiner & Parkin, 1990, for a more
detailed account of the instructions).

The recognition test was self-paced, though backtracking was dis-
couraged and the subjects were also discouraged from guessing.

Results and Disassion

The ircial resilts fran thisexperiment: are surmma—
rized in Tabole 1, which shows the mean prgeortion of
Y ramarer’” and “know”’ responsss totarostwords and
lues & exch reEtdion inenal. The t&dle shows et
whereas themean raportion of coect W rememcer” e
Sooses ceclired Samly oer reation intenal, therewas
Tittledhance in themean orapartion of aoredt “know””
reoss. Blseposithe meswere qrite 1ow and tended
o Inoesse slidtly & tre larer reatbon inenals.

Previas sadies using “remamoer’” and “know”” mea—
axes have tarded to raport are or tre ater of two alter-
refveways Invwhich ttedatamay be aelyzd. Thas,
treaahsisof variace (ANOVA) Inchoks resonee e
thet tan ke

. Ihtedte,
a sgarae ANOVA isamried att on “renarber” ard
on “know” resaosss. The lateragoroach prechucss tre
erliatimof inferactias irvalvirg resoose typelt is
less gestiadble gaisia@lly. For the e
saﬂkﬁjlegwerqa&tﬁereaﬂrsﬁanbo&ﬂmdsofa}al

AT

Table 1
Response Probability as a Function of Retention Interval
in Experiment 1

Retention Target Words Lures \
Interval “Remember” “Know” “Remember” "Know”
10 min 49 26 .00 .05
1h 42 24 .01 .06
1 day 27 27 .03 .06
1 week 25 23 .05 .08

v&s. We also raport e reailts of sgarate aalyses of
irdividal soethit ratesard of irdivid el slojed: saaes
caredted by sldzacting each persan’s falsealam e
fm&ﬂew&eqnﬁug’ hit ige. The alda lesl was st
a

The resitsof an ANOVA with resoorse typeasa fac-
or on uncorrected saores showed that the main effedts
of metininenal FG,) = 10.82, mse = 12.83] and
of reprse e [F(L,E) = 15.45 msc = 34.77] were
Ioth relidde. The ineractionbetween reatton intenal
ard resprse ypewas siguificat [FG,60) = 4.39, mse
= 34.72], The resiltsof a similar ANOVA on correctad
saares also showed siqiificat main effedts of retentian
inenal [FG,60) = 12,70, msc = 15.87] and of resomse
oee [FQ,0) = 27.35, msc = 27.98], Treir ineradtom
was also siqificat [FG,d) = 5.10, mse = 27.98].1

ANOVAs on uorrected “ramamoer” ard
“know” saores reealed a siguificat effed: for “ remem—
ber” reqorsss [FG3,60) = 9.47, msc = 30.28] bat e
ﬁr“know”r&ﬂpmses (F< 1. Ebrﬂecomectedamas,
there was aggin a effet for “rememoer”
regprss [FG,) = 12.46, mse = 26.46) bt rot fir
“know” resoosss (F< D).

No ANOVA was carried air on irdividel abjet
regonsss to ursslecause too few resoosess were mede.
Ttisdear, however, thet “know” resooses to uesex—
ceeced W ramaner” resoosss to uss, ashasleen foard
Inprevios similar sadies eq., Gardirer & B&a, 199),
ard thetlooth kinds of hreresponses increasedwith laogr
kird of regooss, tre hit rate siqnificantly exceaced the
falsealam e by sion et

Althooh tisvell esdolised thet tre rate of foroet-
Urgdmrd:dqmﬁeﬂe:mﬂeo@reeofcn@mlleam—
g ar on whether mEtHom is measured foxr easy ar
diffiait itas Badeley, Badkley, & Nimmo-3mith,
cited in Bacdbeley, 1990; Slavecka & MElres, 1983
Underwood, 194), Itjsmefrd&sspcsab]eﬂﬂtﬂem

EEto inenals might =flet saling prdolars as-
sociated with differances in the initdal leels of erfor-
chta & each of trese three reEion intenals for the 8

Sbjpdswhose hit rates for “know”” regoaseswere aoove .

tremediarficfTGardi riers Parkitj~1990) . These 8 so-
Hect "Theefaverace hit 1ates acress tre three retetbon in-
tnals of 35, A, ad . In catrast, te aerae

" remamoer”” hit: rates fortte 8 sjpdswhose hit iates

Allelov ttemedianwpse .19, .14, ard .(B. These data
provice no evidence th” salihgyordolans oerlie tre
aesence of any sharp drop in “know”” resprsss over the
earlier rEEio inenals.

The main crclusians franExperinent 1are trat rec-
aitdonmemory withait el ledtveexerience persiss
{I&l@ﬂaslqgas lweek (£ Gadirer, 19833) ag,

T



drirgthispericd, shows relatiely littleavidence of for-
e, Tn aixest, over the sae periad, recogition
memory with racolledtive experience declires darply.

EXPERIMENT 2

Experiment 2 had twomain ains: firs, toreplicette
firding tret recognition memory measured by “know”’
resgzﬁ&smﬁra:l@s:lmeekard S, toex—
tard N rementoer” ard ™ know”” measures of recoition
memory tomuch laer retention infenals. Pamd:rgly,
in Experiment 2, there were three retention intenals
1wesk, 4 weeks, ard 6 maths.

Method

Subjects. The subjects vycrc another group gf48 undergraduate
jludents-at CltjTInivéFsity,'s'London, who were paid for their par-
ticipation in the experiment. They were allocated arbitrarily to one
of three separate groups of 16 subjects. All subjects were tested
individually. One subject, in the 4-week group, was replaced for
failing to carry out the instructions properly.

Design, Materials, and Procedure. The design, materials, and
procedure were essentially the same as in Experiment 1, except that
the retention intervals were 1 week, 4 weeks, and 6 months.

Resullts and Disassion

The realts fran thisexperiment. are sunmma-—
n@imTab]eZ, which shows the mean prgoortian of

“ ramantcer’” and “know”” resoonses totargst words ard
Tures &each reEtion intenal. Tn coirast o the remilts
of Excerinent 1, the resdltshere show aloroedly similar
EteEn for “raraber” ard “know” resooses o tar-
etwords, lothof which decliredgrad el ly as the retan-
Hon Intenals inoreasad. At the 1-week ratation Irtenal,
the rea s fran thisexeriment correspard griteclesly
with these franExperiment 1. And althaxch perfomance
grerallydxlired toqiite 1ow leelsby 6 maths, oth
Y ramanber” ard “know”’ responses to tarst words ex—
ceeded those macde to lues.

The resilts of an ANOVA et had respose te as
a fadorard tretwas carried adt on urcorrected hit 1aes
showed et therewas a sigiifiatmain effed of e
ton inenal [FR,40) = 12.06, msc = 6.30] bt et
reitrerthemain effetof regoose type nor the inferadtion
etween retention inenal and Gprewas sigifi-
atr < 1, neaches) . The msiltsofasmilarANOVA
on corected soores also showed a significantmain effet
of et intenal [FR,45) = 10.72, msc — 5.71];
reittertteraineffet of reqomee typee QL 4) = 2.5,
mse — 19.0] rortre ineractionr < 1) was

Table 2
Response Probability as a Function of Retention Interval
in Experiment 2

Retention Target Words Lures

Interval "Remember" “Know" “Remember” "Know"
1 week 24 25 .05 .10

4 weeks .19 21 .02 .09

6 months 15 17 .05 .09

o *4 C 00 mf 0J CO CO
iu m/-cucuoi iu N cmojco
Log Hours

Figure 1. Response probability as a function of log hours.

Sgcarate ANOVAs an urnoarrected W remeanter” ard
“know” saaes reealed a siquifiat effect both fir
“ravener” regomsss [F@,40) = 4.73, msc — 8.72]
ard for “know” resoonses [F(2,45) = 4.9, mMse =
7.23] Forﬂeme:tedsm:&s, e effet was rot giite

i either for “ remamber” resomsess [FR,40) =
2.8, mse — 13.47] ar for “know” resoosss [F(Q,40) =
2.0, mse = 11.23],

As JnExpeere'It 1, trerqoortionof “know’’ resooses
o Iure words exceaded the praportion of “rememoer”
resoosss to e words, bit &t these lager refertion I
tEenals, trere was little sion of ary false-
posithe rates to systamtical Iy inaesse. No ANOVA was
amedaiton irdividal abject regoases tolures, agpin
because of tteggeral Iy 1ow nunber of regoorsss. At e
logereationirtenals, tredifferarsshetween Yknow”
resomnsss o taret words and to Iures were giite sall,
hit theywere very crsiset acoss sbhpdts. A ¢ testar-
riedai on irdividal sisjlect “know” resoonses to tar-
esverss ires athe &mmﬁtesalmashigﬂysjg—
nificat @5 = 4.37, se = (2], ardsqtco,wasa
similar test & tre 4-week inenal [r(15 = 5.78, se =

{Q]. Forboth]qmlsofreqns%ata]lo&err@:erm
JnH\als, hit rates siqificrtlyexcesced the correspac-
Ing falseclaim raes by sion e,

'ITEI&EJ]tSOfEXpEI]HHTtZﬂEEGECIepEOJJdSeﬂCh‘Ce
tretlooth recoiticnmemory with el lecthveexceriance
ard recogniticnmemory withaut remlledtiveexoerience
pEsist for &t Jesst 6 maths. They also show et over
these laer retention intenals, oth forms of recogni-
tonmemory declire gradslly &t a sinilar &e.

For ilhsmameproesss, the results of Experdments 1
ard 2 may ke aarbined to show forogdbng ames oer
tre fill ranoe of reEntion inenals tesed. To thisay,
Twas ataitrarlydecided to inchue the 1-wesk data fram
Experiment 1 and toanit the 1-week cata frram Experi-
ment 2. Therewere, tharefoe, siksssofdis, forreten-
toninenalsof 10min, 1h 1day, 1wesk, 4wasks, and
6moths. Figre 1 sumarizes these citaas a incdaon
of loghouars, with “remenoer” and “know” resooses
aabined to give cavatiael hitvae and falsealam-




deneasures inttre lefthardarel and shown sacarately
in tre richttard el

The leftadarel of Figare 1 shows tha;, ansiderad
oaall, these data conformwith dlassic foosttng fine-
taswhich, when plddedlaaritimical ly, vamllyageear
Jirear. The righttardrarel shows thatlooth forms of e

1 jhitiocnmemary have qiitedifferat foostting idtesoer
T\~thorter retartion Intenals of up t 24 h

GENERAL DISCUSSION

"This research had two straidhtfovard enpirical gals.
The firstwas to discoer tre persistace of recoition
memory with and without recollecthveegeriacs, asmea—
suredby “ ramamoer’” and “know” resoonsss. The se-
adwas todoainevidence aoout forpttng rateswitheach
of these twomreasures. The reslts seam relatively clear-
at. Reaogniticn without el lective exoerience parsiss
forat lesst 6 months, as does reconiticn with el lec-
theegerae. Also, both foms of recogniticnmem-—
ary have differant forogdbng raes. Recognition accom-
ranied by ramlledtive excerience is initiallyhigher ot
aclires darply over a 24-h pericd. Tn contrast, recog-
nitionwithaut reclledbive ' shows little forost-
trgover the first 24 h. Trereafter, both kinds of recog-
rnitionmemory cecliregradally, atdoatt the sane e,
fran24 hup toat lest 6maths. The difference in for-
e “ramander” ard “know” resoorsss correspordwith
strag and weak memory trasss, because thesbeenes-
Elised thet foogtting rates for strag and weak itars
do ot differ.2

Of carse, 1 ispossible trat over tie, ° remerrber’
resorssshecare “know”’ resooses as aex-
tal infomatdion is o, aatrary to e et
the relabiasnipletween “rememoer’” and “know”’ r=-
Sorsss Isae of echsivity (s Gardirer & Parkin,
1990) . But we sugeect thet twould regiire grite a come
plicaed st of asanptians to fillly accont fix the two
foogting firddas inthisway. Furthemore, inan ad-
ditiaal experinent inwhichwe useda testrelest proce-
dre, we fourd no evidenee tret “know” regomses in
the secordof tte two tests (hich tackplace aweek lae)
inchoed a relachely hich praportion of itans towhich
a “remanber” regomsehad been given inthe first et
“Know” resomses in tre secad test inchuoed anly a
gral] prgcortian of “ramenoer” regoonses franthe first
&=t and “remanber” resomses in tre second st i
clioeda similarly svall progorticnof * know”” resomnsss
framtre firsttest. Firally, inthinkingaoaut the relatbionr
ship between “remamoer” and “know” regoosss,
Faild ke bore in mind ttet previcss sadies have
provided good evidence et rememcer” ard “know”’
regoosss reflad galitathelydiddond- carponent s of rec-
aritionmemory, rot save witary gatitative dimen—
Sion such as traee sragth Blaxtan, 1991, Gardirer &
Bg, 190; Parkin & Valter, 191).

The elicichtion of arerpossible reasas for thediffer-
ence infoopttng firnddons for M rementoer™ and “know”’
resoosesvilll have toanait firtrer ressarch., But are lilely
pﬁshhtyjs‘datofdlf@ﬂfhalsmbhtymﬂteﬂ"ef
axe. Titdally;, “ramenoer” regomsessmay ke qritewvul—-
rerddle to nterferates, whereas “know” resomsesmay
ke gite residat to inerferance. This pessibility iscarsis-
tEtwithevidence trat certainpriming effeds in Inplicit
memory also seem relaiely immune to interferernce ef-
fads (Slaren, Hayman, Gita, Iaw, & Tulvirg, 1969).
Cur firdings do rot provicemuch sygeort forthre ac-
cantprovicedby Mandler's (1980, 1988) distdrctanle—
tween elaooration and acthation ar integration., The per-
siseneeof recoqnitianmemory , asmegsured by “know
resoosss, i &S lagas 6months isrofcorsistat with
an Inteoetation ofthese resomses with regeect totanm-
porary acthation ar inegation. There are & lesst far
cther plamss of evidence tret are diffiqilt to sqare with
thisadtvetionview. Gardirer andJdava (1990) fordtet
the worc-frequency effedt in recognitionmenmory, whidh,
together with word-frequency effeds in certain priming
tads, has been atribited to enhanced addvatdan €9,
Jacdoy & Dallas, 1981; Mardler, 1990), didrotgive rise
tomore “know” regooses. Rather, toave risstomore
“ramener” regeosss. Gardiner and Java also fard tet
trepdahilityof “know” resomses was gregter fornon-
words then frwords, a resdlt that carrot essily e ex—
p]auaibyﬂean\abmofrqmmbas Jnsarantjc

Mogg ecal. (1990) fardﬁat"tlmx;hdm@]ly JKAB~
Etats show more divedt priming of threst: then of non-
threst words inword-stem i, a it tethes
been explaired by enhancad addvatdon of

samili (Williavs, Watts, Macloed, & Mathews, .1988), . .
In reconitdan menmory, djrma]lyarmsmbatsgave
nomore “know” resomsss to threstwords thendidnor-
mel coials.

ThusMardler’s (1980, 1983) disdrcdonletween eldoo-
thet adthvatdon or integration gives rise looth to eertain
prinmingeffeds, suchas thosedoserved inword-stemcom—
pletian, ard to feslirgs of fami liarity in recognitionmem—
ory co rot seem o provice a good accarnt of resilts
doaired fran “remaroer” and “know” measures of
reoitin (f. Macken & Hampson, in press) . ™Mhe
by “know” responses does rot seam tocorrespord with\
feslirgs of familiarity trat canbe attribted toactvatdan. \
or inegatian,

Blaxtan (1991) argued et ™ ramarer” regomses re-
flect cocepnal processing and thet “know”” resoansss
efledt chta-drivenroesssing. Althouch herevidencepro-
vides good sygoort for this ineretatian, thisprocessing




aooart isrok recsssar Iy incaneatible with a memory—
Systars agoart, and trereareadvantaces ina theaetical
framework tret carbines thetwo gorcaches (Gardlirer,
183; Gardirer & &g, 1990; Gardirer & Parkin, 1990).

TWithin Tulving’s (1983, 1985, 198%0) distdndtionibe-
tween episadicmenory ard dirermenmory systans, “re-
mamoer” resoosss 18 ataoetic ayscicnsess and
=flet adpt fram the gpisadic systan, and “know””
resooses tgoroetic aosciaess, which deraderizes
the savartic systam. However, treevidence thet isprdo-
lamatic for an addvation acoouant of “know” resooses
15 by the sare tden, prdolaatic fora saranticmarory
acort. That iswhy Gardiner and Parkin (1990; seealso
Gardjrer 19833; Gardirer & J&m, 1990; Mogg etal.,

1990) supested thet in recognition menory,  “know”
resooses may arise fran tre pereepn Bl-raoesantation
systars trat have leen proposad to account: for eertain
rining effedts in nplicitmemory  (Sdecter, jnp&ss
Tulving & Steder, 1990) . Suchperceoaal systans
presured toquerate & a presarantic leel and ey, ﬁr
eaple, ragesat smotiral descriptias either of un-
faniliardojets (e Stecter, Delarey, & Cogeer, 1990)
ar of thevisal forms of words it rot theirmeaniros.
Trerefore, thisacoomnt can reedily accamocate evicane
thet “know”” resorsss inrecogiticnmenmory aregerer-
allyrot influencedby sarantic factars and alsoocar for

An additiosl advantace of this accoat is et taan
redlily acoamodate lag-lashrng effeds, such as these
fourd in the presant egeriments ard dters fard with
Gertain printing measures, for exanple, word-fragrent
aapletion (Slaenetdl., 19893) . A sirgle, riefencarnter
witha stimilis can leed to fAirlydrablenodification of
treperasonaljystan (of Kolers & Roedicer, 1984) . T
HeedTas Shecterefal. (1990; sealsoJerry & Stecter,
1987) have pointed ait, a fairty drable dhance istole
expectad iftheenconter istohave any real acgotive sig-
nificacee for the arcpniam.

A systars gooreachmekes good sree franan el
Hoary sadpoirt. In elutiaary tems, rasoqition
must e corsicered a relatvelyrimitive form of mem-—
ay. hsﬂe:eﬁxemtamﬂ&rgﬂatre:oglmmzsqﬂre

ha\/ee\Dl\aimneet\erdefEGHtaml\emeds, ard
are canally seeailate doout whatt those nesds might ke,
Reaching a ketter urcerstarding of the ratire and acep-
the sigificanee of these two kinds of ansciaus aware—
ress isae of ttemore inportant dallenges tretwe o,
But attenpts to explain aonsciausress with refeience
tohypothetical mental prosesses andmemory systears do
rot caore tre siqnificanee of persaral experdence tram
tre persay'spoint of view. Such explaratias raoesat
what Velmans (npress) alled “thirdheersat” acoorts,
rather the!"l Hrstparsa!” acoants. Velrans argued tret
oth thircieersmard firstpersm accants arenesced fr

acnpletepsydholagy of memory and trat the two kinds
of acoonnt sauld e regarded as aplarentary.
For tre abjt, tre significace of recoitionmem-

tre slojet can make stamwents such as W1 reconize
TABLE becase1 ramanber that when TABLE ocoarred
inthe sody list treminded me et Jast nicht & ditrer
Txilledsarewire.” A “know” resoosecoes rothave
a gecificrental case. The slojedt carot make sae-
nents treteplain ttepartiailarreesas fortreadtof rec-
agnition. Recoognition is instesd atdribied to feslirgs of
ﬁmhanLyB
Froma firdspersmpergedthe, then, recogiiticamem-—
arywith ardwithout resllectveexeerience corregoads
o remiticmemory withand withat aartiallarmen—
Al are. Sadies inwhich these two nental sasshave
beenmeasured by ramaner” and “know” resoases
aaverce an theurnavoickble cacliusion trat recomition
has no partailarmental cause differ in systemtic, fur-
carental ways.
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NOTES

i, Thes: pnglyees N0 kume that dhe use af an imemaction e M
an apperpriaile procedure for cemmparing ratei of Tongoisg, & pnoee.
dhars that kms been challenged by Lofug {1943, who put forward s
alearnative mcdil for evalusting focgenlng curves: In his matter, wa
art pruiiided by the argumems made by Slamecks (1985, Slamecka
&, MElees, i3} In favdy of the mame diaedt, (5 Swarstically com-
mimed approscty esealled Dy o rdghelorwan] tay of Tchctons (for an
eadoreemen, wos Baldaloy, 1990, o, 154-155),

X We are graedul oo Douglas Melepn fpe drawing this pulu]: Lo ur
AR,

3. Unpublphed dug goflesied in <ellabormian #ilh Yemon Gregg
direrdy oppon dece peoamion, The & are from experimenis in wioch
subjects bad i repocl not . repember™ and = imow™ jodgmenis
birl, i addilaom, the artual meatal sxperieanes dar guve risa W theose
Judgmemis. *"Xnow* respoase; wees Bever goeosnpanted by reparts af
tec o llective ex periences. " Remembear® respones were Blmost albwayc
mwmmmmmmm&
i condernid murohiog mploal incdenis
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