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Abstract
MEMORY DISSOCIATION IN ALZHEIMER'S DISEASE
by
Seth H. Apter

Advisor: Professor Wilma A. Winnick
The present set of experiments examined the role of
cognitive processing demand on dissociations between
procedural and declarative memory systems in Alzheimer's
disease (AD) and in normal aging. In Experiment 1, 25 AD
patients and 25 age- and education-matched healthy adults
were presented with a list of words to process and were
subsequently administered one of two possible memory tasks:
word-fragment completion or free recall. Word-fragment
completion is an implicit test of memory which requires a
large degree of effortful processing for successful
completion. Free recall is an explicit test of memory
matched to word-fragment completion in terms of relative
cognitive demand. In Experiment 2, subsequent to an
identical study phase, 19 AD patients and 22 age- and
education-matched healthy adults were administered either a
perceptual threshold measurement or a recognition test.
Perceptual threshold measurement is an implicit memory task
which requires automatic processing. Recognition is an
explicit memory test matched to perceptual threshold
measurement with regard to degree of cognitive demand. 1In

both experiments, the implicit memory tests reflect the
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operation of the procedural memory system while the explicit
memory tests reflect operation of the declarative memory
system. Results indicate that while performance of the AD
patients on both explicit tasks of memory was extremely
impaired relative to the controls, a more variable pattern
emerged on the implicit tests of memorv. AD patients
performed significantly worse relative to the controls on
the effortful processing word-fragment completion task. 1In
contrast, although AD patients had overall slower threshold
durations, these subjects actually exhibited a greater
degree of priming than the controls on the perceptual
threshold measurement test, an automatic processing task.
Performance on the implicit memory tasks was therefore
dependent upon the degree of cognitive capacity demanded by
each task. These findings indicate that AD patients do
appear to exhibit a dissociation among systems of memory but
that this dissociation appears to be mediated by cognitive
processing capacity and demand. Results are discussed with
respect to memory systems in general and memory functioning

in AD in particular.
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Introduction

The most striking aspect of both dementing and amnesic
disorders is a profound impairment in memory functioning.
Unlike the amnesias, which are circumscribed syndromes
generally limited to disordered memory (Squire, 1982),
dementia is characterized by memory deficits and progressive
impairment in intellectual, cognitive, and behavioral
functioning. Despite these differenées, both forms of
memory disorder share in part common anatomical etiology
(Corsellis, 1970; Hyman, Van Hoesen, Damasio, & Barnes,
1984) as well as common presenting symptomatology (Butters,
Granholm, Salmon, Grant, & Wolfe, 1987; Kopelman, 1985).
However, investigations of dementia and amnesia have rarely
shared common experimental approaches. Given the existence
of both etiologic and symptomatic commonalities, it may be
beneficial to apply the same paradigms to both disorders.
Such a strategy might be particularly useful in the study of
dissociations among multiple‘memory systens.

Historically memory has been seen as a unitary concept
(Tulving & Schacter, 1990). More recently it has been
suggested that memory may in fact be made up of several,
distinct components (Mitchell, 1989; Richardson-Klavehn &
Bjork, 1988; Squire & Cohen, 1984; Tulving & Schacter, 1990;
Weiskrantz, 1987), possibly developing as a result of
evolutionary demand (Sherry & Schacter, 1987). A number of

concepts have been developed to account for and describe the



components of memory, including procedural and declarative
memory (Cohen, 1984; Squire & Cohen, 1984), activation and
elaboration (Graf, Squire, & Mandler, 1984), horizontal and
vertical associative memory (Wickelgren, 1979), memory
formation and habit férmation (Mishkin, Malamut, &
Bachevalier, 1984), perceptual and autobiographical memory
(Jacoby & Dallas, 1981), semantic memory and cognitive
mediation (Warrington & Weiskrantz, 1982), and unitized and
nested structure (Schacter, 1985a), among others. While
these systems vary somewhat in terms of specifics, in all
cases memory is viewed as being made up of several
dissociable components.

Recent research has established that a dissociation
among the components of memory is evident in patients
presenting with amnesic disorders (e.g., Cohen, 1984; Cohen
& Squire, 1980; Graf, Squire, & Mandler, 1984; Jacoby &
Witherspoon, 1982; Moscovitch, 1982a; Schacter, 1985a;
Schacter & Graf, 1986; Shimamura, 1986). The dissociation
is characterized by two distinct systems of memory which are
differentially affected in amnesia (Cohen, 1984; Huppert &
Piercy, 1979; Squire, 1982). One system, associated with
the brain regions compromised in these patients, is
impaired. These regions include diencephalic and medial
temporal structures. A second system, associated with brain
regions independent of the compromised areas (Shimamura,

1986; Tulving & Schacter, 1990), is unaffected. Structures



hypothesized to be involved in this latter memory system
include the limbic system, the basal ganglia, and the
neocortex (Knopman & Nissen, 1987, 1991; Martone, Butters,
Payne, Becker, & Sax, 1984; Mishkin, Malamut, & Bachevalier,
1984; Zola-Morgan & Squire, 1990).

The paradigms used in research into memory
dissociations in amnesic patients can be applied to other
memory disordered and healthy groups as well. While a
significant amount of research has also addressed
dissociations of memory in healthy subjects, only recently
have investigations begun to examine memory dissociations in
patients presenting with dementing disorders. Furthermore,
the results of these studies have not lead to consistent
conclusions. At this point in time, it is not clear if the
memory dissociation already well-established in amnesic
patients can be reliably found in demented patients as well.
The present investigation will address this and other
closely related issues.

Explicit Versus Implicit Memory Tasks

In general, independence among systems of memory is
supported by findings of functional dissociations in
performance on distinct memory tasks. In amnesia, a
dissociation has been found between tasks requiring
declarative memory and those requiring procedural memory.
Declarative memory is the explicit retention of facts,

events, and lists. It is both the information gained from a
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learning experience and thg memory of the actual process of
learning itself. As new learning occurs, the specific
outcome of each léarning experience is maintained in a new
data structure. Information in a declarative data base can
be accessed by an individual on demand and is available to
conscious awareness. The declérative memory systen is
aligned with the traditional view of memory (i.e., encoding,
storage, retrieval) and is experimentally assessed with
explicit memory tasks. Declarative memory has been found to -
be impaired in amnesic patients (Cohen, 1984).

Procedural memory, on the other hand, is spared in
amnesic patients (Cohen, 1984). Procedural memory
encompasses the acquisition of skills and is not associated
with specific episodes of learning or instances in time. It
includes operations and processes that are represented
implicitly and accessed only by the expression of the
processes or procedures themselves. Information within the
procedural memory system is not explicitly accessible to the
individual but is experimentally assessed through both skill
learning and implicit memory tasks.

Explicit and implicit memory tasks differ, in the main,
in the level of conscious awareness of the task by the
subject. Explicit memory tasks require a conscious
recollection or a deliberate act of remembering on the part
of the subject (Graf & Schacter, 1985). The important

component shared by all explicit memory procedures is the



awareness of the subject at the time of retrieval that a
memory task is being administered. In most cases, the
subject's level of awareness is manipulated by the
information presented in the task instructions. Traditional
tests of memory, such as free recall and recognition, are
the most common examples of explicit memory tasks. There
are, however, others that also qualify as tests of explicit
memory (e.g., cued recall).

The key component of implicit memory tasks is the lack
of awareness on the part of the subject that memory is being
assessed (Graf & Schacter, 1985). Many implicit memory
tasﬁs‘are concerned with the phenomenon of priming. Priming
(Cofer, 1967) refers to the situation in which previous
exposure to a stimulus facilitates subsequent processing of
the same stimulus (direct or reéetition priming) or a
related stimulus (indirect or semantic priming). Priming
tasks are administered without reference to the pfeviously
presented material, the memory of which is being assessed.
Memory for the specific material is inferred from a
facilitation in performance following repeated exposure to
the stimuli.

A number of implicit memory tasks have been developed
to assess procedural memory. The most commonly used tasks
include perceptual threshold measurement, word-stem
completion, word-fragment completion, and lexical decision

(Schacter, 1987). All of these procedures include a study



phase followed by a test phase. In the study phase,
subjects are usually presented with a list of words,
generally to rate along a specified dimension. Subjects are
not informed that there is a memory component to the task.

In perceptual threshold measurement (e.g., Cermak,
Blackford, O'Connor, & Bleich, 1988; Rouse & Verinis, 1962;
Winnick & Daniel, 1970) the study phase is followed by a
test phase in which both previously presented and new words
are briefly exposed to the subject. Subjects are instructed
to identify the words as they are flashed. No reference is
made to the study session actually being assessed. The
measure of interest is the mean identification threshold of
new words versus old words. In fhis procedure, priming is
reflected in a decreased response threshold for previously
seen words compared to control words not seen before. In
perceptual identification, a related paradigm, priming is
measured by comparing the.total number of old words as
compared to new words recognized during a brief,
predetermined exposure duration (e.g., Jacoby & Dallas,
1981; Murrell & Morton, 1974).

In word-stem completion (e.g., Graf & Mandler, 1984;
Light & Singh, 1987; Warrington & Weiskrantz, 1978) subjects
are administered the study phase and subsequently presented
with the first two or three letters of a series of words
(e.g., STR_ _ _ for STREAM). They are then instructed to

complete each stem with the first word that comes to mind.
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The stems can be completed with words seen during the study
phase as well as with previously unseen, alternate words.
Priming is evidenced here by the tendency to complete these
items with the previously presented words rather than with
previously unseen alternates.

Word-fragment completion (e.g., Light, Singh, & Capps,
1986; Tulving, Schacter, & Stark, 1982) is similar to word-
stem completion in that following the study phase, subjects
are presented with incomplete stimuli and asked to complete
each stimulus with the first word that comes to mind. In
word-fragment completion, however, random letters throughout
the word are missing (e.g., C _ _ E R _ R for CATERER). 1In
this test, priming is reflected by the tendency to complete
a higher percentage of the fragments representing previously
seen items than of those for items not seen before.

In lexical decision (e.g., Forbach, Stanners, &
Hochhaus, 1974; Forster & Davis, 1984; Moscovitch, 1982b;
Scarborough, Cortese, & Scarborough, 1977) following the
study phase subjects are required in the test phase to
determine if briéfly presented letter-strings are words or
non-words. In this task, a specified percentage of the
letter strings are words which were initially presented in
the study phase. Priming is evidenced by a decreased
response time to items which had previously been presented
(Forster & Davis, 1984; Kirsner & Smith, 1974) or to items

which immediately follow semantically related stimuli



(Carroll & Kirsner, 1982).

In addition to the paradigms described above, priming
has also been investigated using paired-associate learning
(Cutting, 1978; Diamond & Rozin, 1984; Graf & Schacter,
1985), épelling of homophonic word pairs (Cermak, Blackford,
O'Connor, & Bleich, 1988; Eich, 1984; Graf, Shimamura, &
Squire, 1985), reading speed (Kolers, 1976), generation of
category exemplars kLight & Albertson, 1989), degraded
stimuli (Hashtroudi, Ferguson, Rappold, & Chrosniak, 1988;
Parkin & Streete, 1988; Warringﬁon & Weiskrantz, 1968,
1970), word association (Clifton, 1966), and lexical
decision in sentence processing (Burke & Yee, 1984), among

others.

Multiple Memory Systems

The concept of multiple systems of memory appears
to be strongly supported by a variety of findings in the
literature. These findings can be divided into four
distinct areas: experimental variables, statistical
independence, state changes, and subject performance.
Experimental Variables

Numerous studies have found a number of experimental
variables that differentially affect explicit and implicit
memory tasks (e.g., Carroll & Kirsner, 1982; Graf & Mandler,
1984; Graf, Mandlef, & Haden, 1982; Graf, Shimamura, &
Squire, 1985; Jacoby & Dallas, 1981; Scarborough, Cortese, &

Scarborough, 1977; Tulving, Schacter, & Stark, 1982),



strongly suggesting-that declarative and procedural memory
represent two distinct systems of memory. Overall, six
distinct experimental variables have been identified to
support the concept of multiple systems of memory: study-to-
test modality changes, levels of processing, generation
effect, delayed assessment, interference, and stimulus type.
Modality Effects. Several investigations have assessed
the effect of a study-to-test modality change on both
procedural and declarative memory. For example, Graf,
Shimamura, and Squire.(1985) presented amnesic and control
subjects with word lists administered in either the visual
or auditory modalities. Following this, subjects completed
both a free recall‘and a word-stem completion task in the
visual modality. While switching modalities from study
(auditory) to test (visual) had no effect on free recall,
performance on the word-stem completion task was
significantly impaired as a result of the modality change.
Such differential effects suggest that explicit and implicit
memory tests reflect different memory systems. Similar
modality effects have also been found when comparing
explicit memory tasks to other types of implicit memory
tasks, including lexical decision (Kirsner, Milech, &
Standen, 1983; Kirsner & Smith, 1974; Scarborough, Gerard, &
Cortese, 1979), perceptual learning (Jacoby & Dallas, 1981;
Kirsner, Milech, & Standen, 1983; Morton, 1979), word-

fragment completion (Roediger & Blaxton, 1987), and paired



10
word-stem completion for new associations (Schacter & Graf,
1989).

Levels of Processing. A second variable whose effects
support a dissociation between declarative and procedural
memory is related to the levél of processing which occurs at
the time of encoding. Graf, Mandler, and Haden (1982)
compared the effects of both elaborative and non-elaborative
processing on subsequent performance on implicit and
explicit tasks of memory. Healthy subjects were required
either to rate their 1liking of individual words on a list
(elaborative) or to determine whether a target word shared a
vowel with the previously presented word (non—eléborative).
Subjects were then tested with a word-stem completion test
and a free recall task. Performance on the free recall task
was significantly better following semantic elaboration than
when following non-elaborative processing. No differences
were seen, however, in word-stem completion as a result of
level of processing at encoding. This finding has been
replicated in other studies looking at word-stem completion
(Graf & Mandler, 1984; Light & Singh, 1987) and in studies
comparing explicit memory tasks to lexical decision (Carroll
& Kirsner, 1982), perceptuél identification (Carroll, Byrne,
& Kirsner, 1985; Jacoby & Dallas, 1981); degraded stimuli
(Hashtroudi, Ferguson, Rappold, & Chrosniak, 1988), naming
latency (Carroll, Byrne, & Kirsner, 1985), and reading speed

(Masson, 1984).
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In a recent sfudy, further evidence was found for a
dissociation between procedural and declarative memory based
on the level of processing at encoding (Schacter, Cooper, &
Delaney, 1990). In a series of experiments, subjects were
presented with unfamiliar, three-dimensional objects that
could or could not exist in three-dimensional space. They
were required to either rate each item using a three-
dimensional structural description (e.g., is the object
facing left or right?) or a two-dimensional nonstructural
description (e.g., are there more vertical or horizontal
lines in the object?).

Subjects were then assessed with both implicit and
explicit memory tasks. Procedural memory was assessed with
an object decision task. Previously viewed and new objects
were presented for a duration of 100ms and the subject was
required to determine if the object could exist in the real
world. Declarative memory was assessed through a yes/no
recognition paradigm. Results indicate that while
performance on the implicit object decision task was
enhanced by structural descriptive processing, performance
on the explicit recognition task was not at all affected by
the type of processing.

Generation Effect. A tﬁird experimental variable
supporting a dissociation among memory systems is the
generation effect, in which better recall occurs for items

generated rather than named by a subject. Jacoby (1983)



12
presented subjects with a series of paired items and
subsequently administered either a perceptual identification
or a recognition task. The initiallpresentation of study
items varied based on context and was divided into four
conditions. In the no context condition, the second member
of an antonym pair was presented, preceded by a series of
X's. In the context condition, both members of an antonym
pair were presented. In the generate condition, the first
member of a pair was presented followed by a series of
question marks. The subject was then required to generate
the second member. Finally, in the new condition, two non-
antonym words were presented. Following the étudy phase,
menmory for the second member of each word pair was assessed
by perceptual identification or recognition.

As expected, a generation effect emerged on the
recognition test; words which had been initially generated
by the subject were more likely to be correctly identified
than words presented under all other conditions. 1In
contrast, a.reverse generation effect emerged on the test of
perceptual identification; words which had been initially
read out of context were more likely to be identified than
all other words. This effect was also reported by Roediger
and Blaxton (1987) and MéClelland and Pring (1991), who
investigated the generation effect in free recall and word-
stem completion.

Delayed Assessment. A fourth experimental variable
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supporting the dissociation between systems of memory is
related to the time éourse of the effect. Jacoby and Dallas
(1981) compared both immediate and delayed recognition and
perceptual identification in healthy subjects. While a
delay had no effect on perceptual identification,
recognition performance was significantly worse following
the delay. Similar results were also found in an experiment
comparing perceptual threshold measurement and recognition
performance in Korsakoff's amnesics (Cermak, Talbot,
Chandler, & Wolbarst, 1985).

Tulving, Schacter, and Stark (1982) presented healthy
subjects with a word list and assessed recognition and word-
fragment completion performance both immediately and
following a seven day delay. Recognition performance was
significantly reduced at delayed assessment. Word-fragment
completion performance, on the other hand, did not differ
from immediate to delayed testing.

Komatsu and Ohta (1984) also compared delayed
assessment for both recognition and word-ffagment completion
but extended delays to a period of five weeks. Results show
that, as expected, recognition memory performance
consistently declined from eight minute to one week to five
weeks delayed assessment. In contrast, performance on word-
fragment completion showed no decrements across the same
span of time; only a minimal 10% decrease in priming was

seen after a five week delay. This effect has also been
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found when utilizing implicit tasks involving lexical
decision (Scarborough, Corteée, & Scarborough, 1977), word-
stem completion (Chiarello &.Hoyer, 1988), reading inverted
text (Cohen & Squire, 1980), reading speed (Kolers, 1976),
picture naming (Mitchell & Brown, 1988; Mitchell, Brown, &
Murphy, 1990), degraded stimuli (Hashtroudi, Ferguson,
Rappold, & Chrosniak,‘1988), and solving sentence puzzles
(McAndrews, Glisky & Schacter, 1987).

Interference. A fifth variable supporting a
dissociation between declarative and procedural memory is
the effect of interference. Graf and Schacter (1987)
presented healthy college students with a list of unrelated
word pairs to study. One half of the subjects then received
an explicit memory test (cﬁed recall or pair-matching)
followed by an implicit memory test (word-stem completion).
The'remaining subjects were administered the same tests but
were first presented with an interference task. Results
indicate that while interference negatively affected
performance on both explicit memory tasks, it had no effect
on implicit memory performance.

Stimulus Type. Finally, a sixth type of variable
supporting the dissociation between procedural and
declarative memory is related to the type of stimuli
utilized in the memory task. Winnick and Daniel (1970)
presented subjects with a series of both words and pictures.

Subjects were subsequently administered either a free recall
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task (explicit) or a tachistoscopic perceptual threshold
measurement task (implicit). Results indicate that free
recall of items initially presented as pictures was superior
to recall of stimuli initially presented as words. 1In
contrast, on the perceptual threshold measurement task,

- subjects exhibited a lower threshold for items originally
presented as words than for items initially presentedﬂas
pictures. This effect has since been replicated by Morton
(1979) and by Roediger and ﬁeldon (1987).

In a series of experiments, Scarborough, Gerard, and
Cortese (1979) presented undergraduate subjects with a set
of concrete words as either picfures to be named or words to
be pronounced. Subjects were subsequently administered a
lexical decision task or a standard recognition test.
Subjects who were initially presented with pictures to be
named evidenced good recbgnition but poor lexical decision
performance. In contrast, subjects who were initially
required to pronounce the target items displayed poor
recognition but good lexical decision performance. These
results mirror those found by Winnick and Daniel (1970) and
lend additional support to a distinction between procedural

and declarative memory.

Stochastic Independence

The second general area of research which supports the
concept of multiple systems of memory is statistical in

nature. Stochastic independence (Tulving, 1985) has been
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demonstrated between tests of explicit and implicit memory.
Stochastic independence referé to the fact that performance
on measures of explicit memory are statistically independent
of performance on implicit tasks (i.e., success on one is in
no way correlated to success or failure on the other).
Finding statistical independence between these two types of
memory tasks further supports the distinction between
procedural and declarative memory systems. Stochastic
independence has been demonstrated between explicit tests
and such implicit measures as word-fragment completion
(Light, Singh, & Capps, 1986; Tulving, Schacter, & Stark,
1982), homophonic spelling (Eich, 1984; Jacoby &
Witherspoon, 1982), lexical decision (Burke & Yee, 1984),
picture completion (Parkin & Streete, 1988), object decision
(Schacter, Cooper, & Delanéy, 1990), and picture naming
(Mitchell & Brown, 1988; Mitchell, Brown, & Murphy, 1990).
State Changes

The third area of study involves experimentally-induced
or naturally occurring changes in the subject's state or
level of consciousness. To date, memory dissociations have
been studied following the ingestion of alcohol (Hashtroudi,
Parker, DeLiéi, Wyatt, & Mutter, 1984; Nilsson, Backman, &
Karlsson, 1989), the induction of a hypnotic state
(Kihlstrom, 1980; Williamsen, Johnson, & Eriksen, 1965) and
the administration of scopolamine (Nissen, Knopman, &

Schacter; 1987), diazepam (Danion, Zimmermann, Willard-
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Schroeder, Grange, & Singer, 1989), lorazepam (Brown, Brown,
& Bowes, 1989), and electroconvulsive therapy (ECT) (Graf,
Squire, & Mandler, 1984; Squire, Shimamura, & Graf, 1985).
Dissociations have also been studied in multiple personality
disorder (Nissen, Ross, Wiilingham, Mackenzie, & Schacter,
1988).

.Hashtroudi, Parker, DeLisi, Wyatt, and Mutter (1984)
compared both acutely intoxicated and sober subjects on
explicit (free recall, recognition) and implicit
(identification of visually degraded words) tasks.
Performance on free recall was significantly impaired in the
intoxicated group relative to the sober controls. 1In
contrast, the performance of the sober and the intoxicated
subjects did not differ on the implicit task of
identification of visually degraded words. These results
therefore lend support to the concept of multiple systems of
memory.

Interestingly, no differences were seen between the two
groups on the recognition task; recognition performance was
not impaired by intoxication due to the acute ingestion of
alcohol. While the authors were unable to completely
account for this finding, they suggest that intact
recognition performance may be one way to distinguish
between acute alcoholic amnesia'and the more chronic amnesia
due to long-term abuse.

Nilsson, Backman, and Karlsson (1989) compared alcohol



18

intoxicated subjects to three other groups, young healthy
controls, elderly healthy controls, and sleep deprived
subjects, on both implicit and explicit memory tasks. All
four groups were presented with a series of both weakly and
étrongly related word pairs. This was followed by tests of
lexical decision and cued recall. No differences were found
among the groups on the lexical decision task. In contrast,
when compared to the young controls, the performance of the
elderly and intoxicated subjects on weakly related cued
recall was impaired. The sleep deprived subjects also
performed more poorly than the young controls, but not
significantly so. These findings support a dissociation
between procedural and declarative memory systems. Finally,
no differences were evident among the groups on the strongly
related cued recall task. The authors partly attribute this
finding to the varying degree of processing and retrieval
effort required by each specific task. This particular
interpretation may also explain the finding, described
above, by Hashtroudi, Parker, DeLisi, Wyatt, and Mutter
(1984) of intact recognition with impaired recall
performance in acutely intoxicated subjects.

Williamsen, Johnson, and Eriksen (1965) compared
subjects with post-hypnotic amnesia to control subjects on a
wide variety of memory measures (recall, recognition, word
association, and partial word completion). Hypnotized

subjects were divided into two groups: high susceptibility
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(HS) and low susceptibility (LS). While hypnotized,
subjects were presented with a list of words followed by a
suggestion for post-hybnotic amnesia. Both the HS and the
LS subjects evidenced impaired recall performance following
hypnosis when compared to the control subjects. 1In
contrast, heither the HS nor the LS subjects differed from
the control subjects on either word association or partial
word identification, two implicif tests of memory. Although
not defined in such terms by the authors, intact priming was
evident in the hypnotized subjects. In the partial word
test, for example, all subjects showed a significantly
greater response to ffagments of words that had been
previously seen relative to new control words.

Kihlstrom (1980) also compared a test of explicit
memory (recall) to tests of implicit memory (worxrd
association, Experiment 1; category-instances, Experiment 2)
in post-hypnotic amnesics. In both experiments, hypnotized
subjects evidenced impaired recall performance but intact
implicit memory performance. Subjects in Experiment 1 were
more likely to offer word associations from a list of words
presented to them while hypnotized than from a list of
equally viable control words. Similarly, in Experiment 2,
subjects were more likely to respond with a category-
instance (e.g., elephant for animal) that had been
previously presented.

Memory dissociations induced by the presentation of
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scopolamine, a drug which is known to block the peripheral
and central action of acetylcholine, have also been explored
(Nissen, Knopman, & Schacter, 1987). Scopolamine has
previously been shown to negatively affect explicit memory
functioning (Drachman & Leavitt, 1974) . Healthy subjects
were subcutaneously administered either scopolamine or
normal saline. Following administration, subjects were
given a series of explicit memory tasks (recall,
recognition, cued recall) reflecting declarative memory and
implicit memory tasks (serial reaction time task within an
embedded repeating sequence and word-fragment completion)
reflecting procedural memory.

Results indicated that, relative to the effects of
saline, scopolamine led to significantly impaired
performance on all explicit tasks of declarative memory. In
comparison, no differences were found in the performance of
the two groups on the implicit serial reaction time task;
equal levels of priming ability were found. Similarly when
word-fragment completion was administered five minutes post
study, both groups showed an equivalent priming effect;
words which were previously studied were more likely to be
completed as fragments than were new words.

When the word-fragment completion test was administered
following a 60, rather than 5, minute delay, however,
subjects receiving saline showed a greater priming effect

than did scopolamine subjects. The authors attribute this
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to the possibility that performance on word-fragment
completion tasks can be attributed to both implicit and
explicit memory abilities. It is thus suggested that
delayed word-fragment completion performance was impaired by
the administration of~scopo}amine because of the inability
of the subjects to utilize explicit procedures rather than
as a result of impaired implicit memory per se (also see
Schacter, 1985a).

Danion, Zimmermann,‘Willard~Schroeder, Grange, and
Singer (1989) assessed the effects of diazepam on explicit,
implicit, and knowlédge memory in a double-blind study.
Diazepam is a benzodiazepine known to have adverse effects
on memory performance. Following.oral administration of
either diazepam or a placebo, subjects were presented with a
word-stem completion test, a free recall test, . and a
category-generation task in‘which subjects were required to
name as many instances of two general categories as
possible. Diazepam was found to havé no effect on the
performance 6f subjects on word-stem completion or category-
generation. Performance on free recall, on the other hand,
was significantly impaired by'diazepam administration.

The effects of lorazepam, another benzodiazepine, on
procedural and declarative memory have also been studied
(Brown, Brown, & Bowes, 1989). Lorazepam produces a
clinical state that mimics amnesia. In a series of

experiments, subjects received either lorazepam or placebo.
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In Experiment 1, four tasks were administered: implicit
word-stem completion, implicit word generation, explicit
recognition presented in the context of the implicit task,
and explicit recognition of an independent word list.
Experiment 2 replicated a more standard paradigm and
consisted of.a word-stem conipletion test and a recognition
test. The results of this study are both interesting and
unexpected. When compared to the placebo group, the
lorazepam group was significantly impaired in the implicit
tasks of memory. In contrast, although lorazepam subjects
were also impaired on recognition relative to the placebo
group, the performance of the lorazepam subjects was greater
than chance.

The authors compare these findings to the results of
studies with organic amnesic patients and highlight the
emergence of a double dissociation. While lorazepam amnesia
leads to impaired implicit and intact (at least relative to
chance performance) explicit memory, organic amnesia leads
to intact implicit memory with impaired explicit memory.

The finding of this double dissociation convincingly
supports the dissociation between declarative and procedural
memory systems.

Memory dissociations have élso been studied in patients
with amnesia due to ECT treatment. Graf, Squire, and
Mandler (1984) compared memory functioning in a group of

depressed patients undergoing a course of ECT treatment to a
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group of depressed controls. ECT patients were tested
between 45 and 90 minutes following their fourth or fifth
treatment. Subjects were‘presented with a list of words and
required to either rate the words on a scale of liking or to
determine if each successive pair of words shared any
vowels. Subsequent to this study phase, subjects were given
a free recall task followed by a'word-fragment completion
test. While ECT subjects were impaired relative to the
controls on free recall, no differences were seen on the
word-fragﬁent completion test. This conclusion was further
supported by Squire, Shimamura, and Graf (1985) who found
equivalent results in ECT patients when comparing word-
fragment completion performance to recognition performance.

Dissociations between procedural and declarative memory
have also been explored in patients with multiple
personality disorder. Nissen, Ross, Willingham, Mackenzie,
and Schacter (1988) studied a 45-year-old woman with 22
different personalities. The majority of personalities were
all unaware of the other personalities and had no overt
memory of their experiences. A series of explicit and
implicit memory tasks were administered to the subject. 1In
all cases, the study phase was presented to one personality
while the test phase was administered to an alternate
personality. Performance on tests of explicit meméry was
impaired. Both cued recall and recognition tasks were

failed by one personality when the initial target material
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had been presented to an alternate personality. In
contrast, performance on the majority of implicit memory
measures was intact, suggesting that there was access across
personalities. Among other tasks, perceptual
identification, word-fragment completion, and sequence
learning in a serial reaction time task all revealed
unimpaired priming ability. Thus, a clear dissociation
emerged among memory tasks in this multiple personality
disorder patient.
Subject Performance

The fourth general area supporting the concept of
multiple memory systems is actual subject performance. The
finding of differences in performance in distinct tasks of
memory within a single group is a powerful indicator of the
existence of multiple, dissociable memory systems. To date,
dissociations of memory have been studied in a number of
subjects, most notably amnesic patients and healthy
controls, and, to a lesser extent, demented subjects.

Amnesic Subjects

Memory dissociations have been eiamined in a wide
variety of amnesic groups. The majority of studies in this
area have used Korsakoff patients. However, a number of
other amnesic patients of differing etiologies have been
assessed, including patients with amnesia due to
encephalitis (Brooks & Baddeley, 1976; Cermak, Blackford,

O'Connor, & Bleich, 1988), closed head injury (Mutter,
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Howard, Howérd, & Wiggs, 1990), aheurysm (Corkin, 1982), ECT
treatments (Graf, Squire, & Mandler, 1984; Squire,
Shimamura, & Graf, 1985), tumor (Graf & Schacter, 1985),
anoxia (Moscovitch, 1982b), and temporal lobe resection
(Cohen & Corkin, 1981).

By definition, patients presenting with any form of
amnesic disorder are viewed as evidencing impaired "memory."
This is clearly the case when these patients are assessed
with standard explicit memory tasks. However, recent
examination of memory functioning in amnesic populations has
generated evidence suggesting that not all aspects of memory
performance are impaired.

Amnesic patients were initially shown to evidence
intact skill learning ability. Some of the tasks on which
these patients are unimpaired include, but are not limited
to, identifying Gollin Figures (Milner, Corkin, & Teuber,
1968), solving jigsaw puzzles (Brooks & Baddeley, 1976),
solving the Tower of Hanoi puzzle (éohen & Corkin, 1981;
Cohen, Eichenbaum, Deacedo, & Corkin, 1985), reading
inverted text (Cohen & Squire, 1980; Martone, Butters,
Payne, Becker, & Sax, 1984), generating category exemplars
(Graf, Shimamura, & Squire, 1985), utilizing a new
arithmetic rule (Kinsbourne & Wood, 1975), playing new songs
on the piano (Starr & Phillips, 1970), identifying
fragmented pictures (Nissen, Cohen, & Corkin, 1981),

generating idioms in a word association task (Schacter,
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1985b), producing common associates after exposure to
related word pairs (Shimamura & Squire, 1984), and spelling
homophones (Jacoby & Witherspoon, 1982).

In the tasks listed, amnesic patients reliably reveal
savings in performance across repeated exposure to the
measures. In contrast, when tested with procedures which
reqqire awareness on the part of the patient (i.e., explicit
memory tasks), impairment is obvious and severe. In fact,
some patients may not recall.the study session at all while
still showing an improvement in performance after repeated
experience. |

More recently, amnesic ﬁatients have been shown to
exhibit intact memory when assessed with priming procedures.
This result has been found with a variety of implicit memory
tasks including word-stem completion (Graf, Shimamura, &
Squire; 1985; Graf, Squire, & Mandler, 1984; Squire,
Shimamura, & Graf, 1985; Warrihgton & Weiskrantz, 1970),
lexical decision (Glass & Butters, 1985; Moscovitch, 1982a,
1982b; Verfaellie, Cermak, Blackford, & Weiss, 1990),
perceptual threshold measurement (Cermak, Blackford,
O'Connor, & Bleich, 1988; Cermak, Talbot, Chandler, &
Wolbarst, 1985), perceptual identification (Murrell &
Morton, 1974), paired-associate learning (Diamond & Rozin,
1984; Shimamura & Squire, 1984; Winocur & Weiskrantz, 1976),
degraded stimuli (Warrington & Weiskrantz, 1968, 1970),

word-stem completion in paired associates (Cermak,
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Blackford, O'Connor, & Bleich, 1988; Graf & Schacter, 1985;
Mutter, Howard, Howard, & Wiggs, 1990; Schacter & Graf,
1986), fictional-statement memory (Schacter, Harbluck, &
McLachlan, 1984), and sentence puzzles (McAndrews, Glisky, &
Schacter, 1987).

In all of these studies, amnesics evidenced intact
procedural memory but impaired declarative memory as
measured by recognition, free recall, and/or cued recall.

In one of the early studies, for example, Warrington and
Weiskrantz (1970) presented amnesic and control subjects
with a list of words. Memory was subsequently assessed
under four conditions: free recall, recognition, degraded
presentation and word-stem completion. In the degraded
presentation task, subjects were presented with stimuli
which were physically fragmented to a certain degree (i.e.,
parts of each letter were physically missing). Results
indicate that while the amnesic subjects were impaired
relative to the control subjects on explicit memory tasks
(recall and recognition), there was no difference among the
groups in implicit memory performance (degraded presentation
and word-stem completion).

Graf, Squire, and Mandler (1984) presented both control
and amnesic subjects with a list of study words. Following
this, subjects were presented with a series of three letter
word-stems, some of which when complete had been previously

presented as study words. Subjects were instructed either
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to use the stems as cues to recall the study list words
(cued recall, explicit memory task) or simply instructed to
generate the first word that came to mind which completed
the stem (word-stem completion, implicit memory task). It
should be noted that these two tasks are identical except
for the instructions. Subjects were also administered a
free recall task.

Results revealed a dissociation in performance on the
memory tasks. Both the control and the amnesic groups
exhibited intact performance on the impiicit memory task.
The controls, however, performed significantly better than
the amnesics on cued recall and free recall, both explicit
memory measures.

| Cermak, Talbot, Chandler, and Wolbarst (1985)
presented a list of study words to Korsakoff patients and to
alcoholic controls. Subjects were then presented with a
perceptual threshold measurement task (implicit) and a
standard recognition test (explicit). While the amnesic
patients exhibited poor performance on the recognition task,
their performance on the perceptual threshold measurement
task was relatively unimpaired.

In summary, many investigations have found a
dissociation between procedural memory (as assessed by
implicit memory tasks) and declarative memory (as assessed
by explicit memory tasks) in amnesic populations. This

dissociation is evident in a wide variety of patient types
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(e.g., Korsakoff patients, ECT patients) and across a wide
variety of different implicit (e.g., word-stem completion,
word-fragment completion, perceptual identification) and
explicit (e.g., cued recall, free recall, recognition)
tasks.
Control Subjects

Procedural and declarative memory systems have been
examined in non-amnesic, control subjects as well. Not
surprisingly, healthy young adults evidence unimpaired
priming ability as assessed by a variety of implicit memory
tasks including perceptual identification (Jacoby & Dallas,
1981; jacoby & Witherspoon,.1982; Murrell & Morton, 1974),
perceptual threshold measurement (Morton, 1979; Neisser,
1954; Rouse & Verinis, 1962; Winnick & Daniel, 1970),
lexical decision (Forbach, Stanners, & Hochhaus, 1974;
Kirsner & Smith, 1974; McKoon & Ratcliff, 1979; Meyer &
Schvaneveldt, 1971, 1976; Neely, 1976; Scarborough, Cortese,
& Scarborough, 1977; Swinney, Onifer, Prather, &
Hirshkowitz, 1979), word-fragment completion (Light, Singh,
& Capps, 1986; Tulving, Schacter, & Stark, 1982), newly
formed paired—associates (Graf & Schacter, 1987), word-stem
completion (Graf & Mandler, 1984; Graf, Mandler, & Haden,
1982; Light & Singh, 1987), word association (Clifton,
1966) , sentence repetition (Collins & Quillian, 1970),
category cuing (Loftus, 1973), attitudinal enhancement

(Wilson, 1979), generation of category exemplars (Light &
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Albertson, 1989), picture naming (Mitchell & Brown, 1988),
degraded stimuli (Hashtroudi, Ferguson, Rappold, &
Chrosniak, 1988), reading speed (Masson, 1984), and
perceptual priming of novel visual stimuli (Musen &
Treisman, 1990).

At least two. studies (Carroll, Byrne, & Kirsner, 1985;
Parkin & Streete, 1988) have also shown that priming ability
is evident in young children as well, even as early as age
3. CcCarroll et al. assessed priming in children ages 5, 7,
and 10 yearé. Following the presentation of a series of
target pictures, subjects saw another series of both old and
new pictures on a screen and were required to naﬁe them as
quickly as possible. Results indicate that subjects
exhibited a facilitative effect of priming; previously seen
stimuli were named faster than new stimuli. In a separate
experiment, after the initial study presentation,
tachistoscopic identificatioﬁ was measured for both old and
new pictures. Again, subjects exhibited priming; more
previously seen than new words were identified at the
predetermined exposure duration.

Parkin and Streete (1988) presented three grocups of
children (ages 3, 5, and 7 years) and one group of adults
with a series of incomplete (i.e., physically degraded)
pictures of common objects. Subjects were subsequently
presented with less degraded pictures until the object was

correctly identified. Following this study phase, at either
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a one hour or a two week delay, subjects were again
presented with a picture completion task containing equal
numbers of both new and previously seen pictures. At the
same time, subjects were also administered a test of
recognition memory.

The data indicate that at all ages, a facilitative
effect of priming was found following both delays. 1In
contrast, while all four subject groups performed accurately
on the recognition task after the one hour delay, the 3-year
olds' recognition memory waé-impaired following the two week
delay. This suggests that while children appear to have
significant procedural memory functions as early as age
three, declarative memory capacity is not fully developed,
leading to impaired performénce on explicit memory tasks
following a delay.

Recently, studies have focused on the dissociation of
procedural and declarative memory in the elderly (e.g.,
Chiarello & Hoyer, 1988; Light & Singh, 1987; Light, Singh,
& Capps, 1986). Most previous research in this area had
been limited to relatively young control groups, primarily
college-aged adults.. Since elderly persons without
pathoiogy have been shown to evidence impaired declarative
memory (e.g., Craik, 1977), it is of both theoretical and
practical interest to determine if procedural memory is also
compromised in elderly subjects. Such information will

enable investigators to develop more accurate models of
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memory.

Howard, McAndrews, and Lasaga (1981) administered a
lexical decision task to both young and elderly adults. All
subjects were presented with t@o letter-strings and were
required to determine if both strings were words. In some
cases, the pairs were category-hember associates (e.g.,
rain, snow) and in other cases, the pairs were descriptive-
property associates (e.g., rain, wet). Following the
lexical decision task, a free recall task was administered.

Results indicate that while elderly subjects performed
significantlg worse than young subjects on free recall, no
differences were seen between the groups on lexical
decision, regardless of the type of association between the
letter-strings.

In a follow-up study (Howard, 1983) young and elderly
subjects were administered a lexical decision task in which
one of two items presented to the subject was a category
name and the other item was an exemplar. The dominance of
the exemplar varied across trials (high dominance = bird,
robin; low dominance = bird, duck).' A free recall task was
also administered.

Once again, although no differences were found between
the groups'on lexical decision, regardless of the level of
dominance of the word paifs, young subjects significantly
outperformed elderly subjects on free recall. Similar

results were also found in three additional studies
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assessing lexical decision performance in young and elderly
adults (Burke, White, & Diaz, 1987; Cerella & Forzard, 1984;
Moscovitch, 1982b).

Burke and Yee (1984) presented both young and older
control subjects with a novel lexical decision task.
Subjects were shown a series of sentences followed by a
related word, an unrelated word, or a nonword. Subjects
were required to make a speeded lexical decision as to
whether or not the letters following the sentence were a
word. Three types of related words were presented: (a)
words related to the episode described in the sentence, (b)
words that were instruments implied by the action of the
sentence, and (c) words related to a single word in the
sentence. Subjects also received a test of recognition
memory.

The data indicate that age had no effect on lexical
decision ability. Priming was evident only in the
instrument condition and was pfesent to the same degree in
both age groupé. In contrast, the older subjects were
impaired relative to the young subjects on the test of
recognition memory.

Light, Singh, and Capps (1986) assessed procedural and
declarative memory in both young and elderly healthy adults.
Subjects were presented with 40 words to study and
subsequently tested on the words with both a yes/no

recognition test and a word-fragment completion test.
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Memory was assessed at two points: immediately following
study and after a seven-day delay. Results indicate that
while age of subject had a significant impact on recognition
performance, with young subjects performing beﬁter than
elderly subjects, age had no effect on word-completion
performance. After a seven4day delay, performance accuracy
decreased for both tasks in both groups. The results of
this study suggest that, like amnesics, healthy elderly
subjects show impairment on explicit tasks of memory but
evidence intact performance on implicit memory tasks.

The effects of agiﬁg on the priming of newly learned
associations has also been explored (Howard, Heisey, & Shaw,
1986). Both young and elderly adults were presented with a
series of sentences in the form of NOUN 1-VERB-NOUN 2 (e.qg.,
the spider consumed the stew). A cued recall and an item-
recognition priming task followed. In the priming task,
subjects saw a series of nouns and were required to
determine if they had been presented within the study
sentences. On primed trials, two nouns from the same
sentence were tested consecutively (e.g., stew followed
spider). The number of target item presentations as well as
the number and order of the memory tests varied. Data
indicate that while the young outperformed the elderly on
cued recall, both groups showed equivalent priming when
tested following the two-preséntation condition.

Light and Singh (1987) conducted a series of three
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experiments focusing on memory dissociation in normal aging.
The performances of both young and elderly adults were
compared on recall and recognition, and on word-stem
completion (Experiment 1) or degraded stimuli (Experiment
3). Subjects were presented with 20 words and required
either to rate the pleasantness of each word on a seven-
point scale (elaborative processing) or to determine if the
word presented shared any vowels with the previous item
(non-elaborative processing).

In Experiment 2, young and elderly subjects rated a
list of 20 words for pleasantness. Half of the subjects in
each group then performed a word-stem completion task while
the other half performed a cued-recall task. The procedure
of each task was identical; only the instructions given to
the subjects varied. In cued-recall, subjects were told to
use the word-stems as cues to recall the previously
presented target words (declarative memory). In word-stem
completion, subjects were simply told to complete each item
with the first word that came to mind (procedural memory) .
In addition, both groups subsequently received a recognition
test.

In all three experiments, performance on implicit
memory tasks (word-stem completion and degraded stimuli) did
not vary as a function of age of subject or type of
processing. However, yoﬁng adults performed significantly

better than the elderly subjects on the explicit memory
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tasks (recall, recognition, and cued recall) which followed
elaborative.processing at encoding. When words were studied
under non-elaborative conditions, individual elderly
subjects actually performed significantly better than or at
least equal to the young adﬁlts on some measures of
declarative memory (e.g., recognition).

Light and Albertson (1989).compared the performance of
both young and older adults on an implicit memory test
involving generation of category members in a controlled
word association task and an explicit memory task involving
cued recall. Subjects were initially presented with a list
of words and required to rate each item for pleasantness.
Embedded in the list were a series of exemplars from a
number of categories. Following this, subjects were
administered the implicit generation task, which required
subjects to generate members from a series of categories
(some of which had been previously represented on the study
list), and the explicit cued recall task, which simply
required that the subjects attempt to recall the initial
study list with category names serving as cues.

Results of this study support the existence of a memory
dissociation in normal aging. The data indicate that there
were no significant differences in performance on the
implicit generation task as a function of age: botﬁ young
and older adults showed equivalent evidence of priming. 1In

contrast the older adults were impaired on the explicit,



cued recall task in comparison to the young subjects.

Mitchell, Brown, and Murphy (1990) studied the effects
of both age and delay on proéedural and declarative memory.
Young and older adults were presented with a series of line
drawings of common objects. Subjects were then administered
a picture naming task followed by a test of recognition. 1In
the picture naming task subjects were required to name as
quickly as possible a group of pictures, half of which had
been previously presented. This memory assessment was
completed at one of four possible intervals: immediately or
after a delay of one day, one week, or three weeks.

Following a delay of at least 24 hours, picture naming
performance was stable while recognition performance began
to decline. More importantly, while the older cohort
evidenced impaired recognition ability compared to the young
subjects, no differeﬁces were evident between the groups on
picture naming.

In a comprehensive study addressing the concept of
multiple memory systems, Mitchell (1989) administered 11
different memory tasks to young and older healthy adults.
Three forms of memory were assessed based on Tulving's
(1985) tertiary concept of the memory system: episodic
memory (e.g., free recall, recognition), semantic memory
(e.g., vocabulary test, picture naming errors), and
procedural memory (e.g., repetition priming). All tasks

were presented in the context of a picture naming test and
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were administered within-subject in a fixed-order format.

Results were highly consistent. While the older adults
performed significantly more poorly than the young adults on
all episodic tasks, no differences emerged as a function of
age on either the semantic or the procedural tasks. Thus a
clear dissociation in memory ability as a function of age
emerged. In addition, a factor analysis applied to the 11
memory tasks revealed three distinct factors, further
supporting the concept of a multiple memory system.

Results from the investigations described above suggest
that the memory dissociation evident in amnesic populations
can also be seen in normal aging. These studies indicate
that, compared to healthy young adults, healthy elderly
subjects perform significantly worse on explicit tasks of
memory while performing equally as well on implicit memory
measures.

However, results from two studies suggest that this
conclusion may not always be valid. Chiarello and Hoyer
(1988) presehted a series of words to both young and elderly
adults. Immediately following presentation, subjects were
administered either a word-stem completion task or a cued
recall task. After delays of 13 and 46 minutes, subjects
were agéin administered the same memory task. Results
indicate that at all test delays, the elderly adults
performed significantly more poorly than the young adults on

both implicit and explicit tasks.
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Rose, Yesavage, Hill, and Bower (1986) administered a
test of general information to both young and elderly
adults. Embedded within this test was a series of less
frequent units from a group of homophonic word pairs (e.g.,
write versus right). This presentation was followed by a
spelling test (implicit task) in which subjects were
presented with a word from a homophqnic word pair and
required to give one spelling. A test of recognition memory
was subseqﬁently administered. Unexpectedly, the data
indicate that while homophones were more correctly
recognized than nonhomophones by both groups, only the young
adult subjects evidenced a significant priming effect.

One possible explanation for these results is the
différence between the young and the elderly subjects in
terms of education; the elderly subjects had significantly
higher levels of education as well as higher vocabulary
scores than did their younger counterparts. Possibly as a
result of their greatef education, the elderly subjects in
the present experiment used.the less frequent spelling on
non-primed homophones more often than the younger subjects,
thus effectively eliminating the priming effect. Had the
two groups been more closely matched for education, this
effect may have disappeared.

In summary, most research into memory dissociations in
elderly control subjects suggests that while elderly adults

show impairment on explicit memory tasks relative to young
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controls, their performance on implicit memory tasks is
largely intact.

Alzheimer's Disease Subjects

While the dissociation among systems of memory has been
fepeatedly supported in both amnesic and healthy, elderly
subjects, the existence of such a dissociation has not yet
been firmly established in dementia. As stated previously,
although dementia shares with the amnesic disorders both
cognitive and anatomical characteristics, only limited
research has addressed the possibility of a memory
dissociation in demented populations. Dementia is a
disorder characterized by a gradual, progressive
deterioration in cognitive, social, and intellectual
functioning. The majority of cases of dementia appear to be
caused by Alzheimer's disease (AD) (Terry & Katzman, 1983).
A number of.cognitive features, in addition to memory
impairment, are prominent in AD (Coblentz, Mattis,
Zingesser, Kasoff, Wisniewski, & Katzman, 1973). There is a
progressive decline in intellectual functioning (Botwinick &
Birren, 1951). A defect in both abstract thinking and
judgment is evidenced (Thal, 1988). Perceptual deficits can
appear and are characterized by visual~spatial relation
defects (Thal, 1988) as well as difficulties in route
finding. Deficits in verbal fluency (Rosen & Mohs, 1982)
and word finding (Nebes, 1989) are also evident.

Behavioral, emotional, and psydhiatric changes can
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occur in AD (Lipowski, 1978). There is often an
accentuation of premorbid personality traits or the
development of new personality characteristics (Miller,
1977). An apathetic attitude may be evidencéd (Burns,
Jacoby, & Levy, 1990a; Miller, 1977). Depfession (Burns,
Jacoby, & Levy, 1990b; Kaszniak, Wilson, Lazarus, Lessor, &
Fox, 1981; Rosen & Zubenko, 1991) or aggression (Burns,
Jacoby, & Levy, 1990a) can be seen. Hallucinations (Burns,
Jacoby, & Levy, 1990c; Rosen & Zubenko, 1991) and delusions
(Burns, Jacoby, & Levy, 1990d; Rosen & Zubenko, 1991) are
evident in a small percentage of AD patients. In addition,
paranoia and suspiciousness may develop as a result of the
memory loss (Thal, 1988).

As the disorder progresses, aphasic, apraxic and
agnosic syndromes may appear (Coblentz, Mattis, Zingesser,
Kasoff, Wisniewski, & Katzman, 1973). Eventually, AD
results in profound intellectual deterioration, rigidity,
incontinehce and immobility (Burns, Jacoby, & Levy, 1990a).
Gross neurological signs and reflexes (e.g., the snout and
grasp reflexes) eventually emerge.

There are four priméry neuropathological changes
associated with AD which distinguish it from normal aging.
(a) Dramatic pyramidal cell loss is found throughout the
hippocampal complex. (b) Neurofibrillary tangles, 1argé
bundles of ﬁeurofilaments twisted into the form of a double-

helix, are found in greater number in both cortical and
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hippocampal regions (Tomlinson, 1977). (c) Neuritic
plaques, patches of degeherating neuronal processes
surrounded by a fibrillary or granular zone and containing a
central core of amyloid, form in the cortex and in
subcortical structures as well (Tomlinson, 1977). It
appears that the severity of the cognitive impairment is
related té the quantity of plaques and tangles found
(Blessed, Tomlinson, & Roth, 1968; Perry, Tomlinson,
Blessed, Bergmann, Gibson, & Perry, 1978). (d)
Granulovacular degeneration occurs primarily in the
pyramidal cells of the hippocampus and subiculum and is a
result of argyrophilic granule within the processes of
degenerating neurons (Tomlinson, 1977; Tomlinson, Blessed, &
Roth, 1970).

Investigations in a\variety of areas have collectively
led to the development of what has been.termgd the
"cholinergic hypothesis." Simply stated, the cholinergic
hypothesis asserts that the decline in memory and cognitive
functions occurring in demented patients is directly
associated with functional disturbances of the cholinergic
systemnm.

According to Davies (1985), findings from three
specific areas of research have lent support to this theory.
First, research has indicated that certain anticholinergic
agents, such as scopolamine, lead to significant deficits in

memorf functioning when administered to healthy volunteer
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subjects (e.g., Drachman & Leavitt, 1974; Kopelman & Corn,
1988).

Second, studies investigating the biochemical aspects
of dementia have indicated that the most dramatic
biochemical change associated'witﬁ AD involves the
cholinergic system (e.g., Davies & Maloney, 1976). Choline
acetyltransferase and acetylcholinesterase may be reduced by
as much as 90% within the hippocampus, mid-temporal gyrus
and parietal cortex (Perry, Tomlinson, Blessed, Bergmann,
Gibson, & Perry, 1978). A less dramatic loss is seen in
other regions as well. Further, deficiency in choline
acetyltransferase activity has been correlated with decline
in cognitive functioﬁing (Fuld, Katzman, Davies, & Terry,
1982) and with increased plaque count (Perry, Tomlinson,
Blessed, Bergmann, Gibson, & Perry, 1978).

| Third, the administration of certain cholinergic
agonists, such as physostigmine, appears to lead to
reliable, albeit mild, increases in cognitive functioning
(Davis, Mohs, Rosen, Greenwald, Levy, & Horvath, 1983;
Peters & Levin, 1979; Thal, Fuld, Masur, & Sharpless, 1983).
Taken together, these lines of evidence suggest an important
role for the cholinergic system in the development of
cognitive impairment in dementia.

A number of investigators have recently highlighted the
importance of amyloid in the development of AD. Beta-

amyloid precursor protein (Beta-APP), a 695-amino-acid
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molecule that anchors itself to cell membfanes via amino
aéids 625 through 648, is found in the normal brain. In AD,
an abnormal 42-amino-acid protein, amyloid beta-protein, is
also found (Kang, Lemaise, Unterbeck, Salbaum, Masters,
Grzeschik, Multhaup, Beyreuther, & Muller-Hill, 1987). This
protein is cleaved from the Beta-APP between amino-~acids 597
through 638, the 28 amino-acids just outside the cell
membrane and the initial 14 amino-acids within the membrane.

The gene for Beta-APP has been found to be located on
chromosome 21 (Kang, Lemaise,.Untérbeck, Salbaum, Masters,
szeschik, Multhaup, Beyreuther, & Muller-Hill, 1987), also
known to be associated with Down's syndrome (with an extra
21st chromosome and brain lésions typically seen in AD) and
familial Alzheimer's disease (FAD; a form of AD in which a
clear genetic transmission is evident). This finding has
served to strengthen the relationship between AD and the
amyloid-beta protein.

Goate, Chartier-Harlin, Mullan, Brown, Crawford,
Fidani, Giuffra,‘ﬁaYnes, Irving, James, Mant, Newton, Rooke,
Roques, Talbot, Pericak-Vance, Roses, Williamson, Rossor,
Owen, and Hardy (1991) found two families with AD who had a
particular DNA pattern in the Beta-APP gene (amino-acid 642
substitution from Valine to Isoleucine) and Murrell, Farlow
Ghetti, and Benson (19921) found a different amino-acid
substitution (Valine to Phenylalanine) at the same position

in other affected families. These findings indicate that
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this position is integral in the development of both amyloid
deposits and AD.

Selkoe (1991) speculates that this DNA mutation
increases the amount of Beta-APP proteins synthesized.

These proteins are further cleaved by proteases over time to
release large amounts of amyloid-beta protein, which then
accumulates as diffuse plaques in the brain. - Eventually,
amyloid beta-protein begins to have toxic and trophic
effects on the surrounding cells, resulting in the
transformation of the diffuse plaques into the heuritic
plaques commonly associated with AD. In addition, some of
the affected neurons produce neurofibrillary tangles. At
the same time, a loss of synapses and a resultant decrease
in cortical levels of écetylcholine occurs. In time, the
individual slowly acquires the cognitive decline that is the
hallmark of AD.

Clearly amoné the most striking cognitive deficits seen
in AD is the severe impairment in memory functioning
(Coblentz, Mattis, & Zingesser, 1973). Unlike other
cognitive deficits (e.g., language, abstract thought,
constructional ability) which may not be present in every
stage in all patients presenting with AD, memory deficits
are always evident (Thal, 1988).

Most research has focused on declarative memory in AD.
When compared to healthy controls, ‘AD patients are impaired

on such explicit memory tasks as verbal free recall
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(Kaszniak, Wilson, & Fox, 1981), verbal recognition memory
(Miller, 1975, 1977; Wilson, Bacon, Kramer, Fox, & Kaszniak,
1983), and non-verbal recognition memory (Wilson, Kaszniak,
Bacon, Fox, & Kelly, 1982). Impaired performance is also
seen in tasks involving verbal paired-associate learning
(Corkin, 1982; Rosen & Mohs, 1982), non-verbal paired-
associate learning (Corkin, 1982), remote memory (Wilson,
Kaszniak, & fox, 1981), and immediate and delayed memory for
short stories and figure drawings (Brinkman, Largen,
Gerganoff, & Pomera, 1983).

It is clear that when assessed by explicit memory
procedures, patients with AD are impaired in virtually all
aspects of memory functioning (Morris & Kopelman, 1986).
The degree of memory impairment associated with AD when
patients are assessed with implicit memory procedures is
less clear, however. As stated earlier, the focus of
previous research on dissociations between declarative and
procedural memory has been primarily directed to non-
demented amnesic populations. With the existence of such a
dissociation well-established in amnesic patients, the
present study will question whether a similar dissociation
may be found in AD patients.

The possibility that parallel memory dissociations will
be found in the two groups (Corkin, 1982; Miller, 1975) is
strengthened by the fact that certain amnesic disorders

(e.g., Korsakoff's syndrome) and certain dementing disorders
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(e.g., AD) share in part anatomical and neurochemical
etiology. Anatomically, damage to and isolation of the
hippocampal complex has been linked to patients with certain
forms of both dementia (Hyman, Van Hoesen, Damasio, &
Barnes, 1984; Tomlinson, 1977) and amnesia (Butters &
Cermak, 1975). A significant reduction in the quantity of
neurons in the basal forebrain structures (i.e., nucleus
basalis of Meynert, medial'septal nuclei, diagonal band of
Broca) has been found in both AD and Korsakoff patients
(Arendt, Bigl, Arendt, & Tennstedt, 1983). Basal forebrain
structures are responsible for the cholinergic input to the
hippocampus and to the association cortex. A deficiency in
the number of neurons in such structures might mediate a
reduction in the cholinergic system in both Korsakoff and AD
patients, thus connecting the disorders neurochemically as
well. |

There is also evidence that dementia and amnesia share
common symptpms. Huppert and Piercy (1976), for example,
examined the effect of word frequency on verbal recognition
memory in patients with Korsakoff's amnesia. Patients were
presented with a list consisting of both high and low
frequgncy words and were subseguently adminiétered a
recognition test. Data were examined for both hit rate
(proportion of target stimuli correctly identified) and
false alarm rate (proportion of distractor stimuli

incorrectly identified as previously viewed). In healthy
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controls, hit rates are generally found to be higher for low
frequency words while false alarms are higher for high
frequency words. In contrast, Huppert and Piercy found that
Korsakoff patients evidence both a higher hit rate and a
higher proportion of false alarms for high frequency wofds.

In a similar study, Wilson, Bacon, Kramer, Fox, and
Kaszniak (1983) examined the effect of word frequency on
verbal recognition memory in patients presenting with AD.
Subjects were also administered a recognition task following
the presentation of a list of both high and low frequency
words. In this study, AD patients evidenced a higher
proportion of false alarms and a higher hit rate for high
frequency words. When compared with the results of Huppert
and Piercy (1976), these studies indicate that AD patients
perform equivalently to Korsakoff patients. In contrast to
healthy controls, both patient groups show a higher hit rate
for high rather than low frequency words. All three groups
(AD, Korsakoff, control) evidence a greater tendency to
produce false alarms to high frequency words.

A direct comparison between Korsakoff and AD patients
was made by Kopelman (1985) who compared both groups to
healthy controls on a test of visual recognition memory.
Borrowing a technique developed by Huppert and Piercy (1978;
1979), Kopelman presented subjects with a series of
photographs of objects and administered an immediate test of

recognition. The initial exposure duration of each
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photograph was varied for each subject, however, so that all
subjects met a specified criterion for initial recognition
performance (70-80% correct). In doing so, all subjects
were equated for initial performance. Subjects were then
administefed repeated recognition tasks at delays of 24
hours and 1 week. Data indicate that both AD and Korsakoff
patients showed equal rates of forgetting, neither of which
differed from the forgetting rates of the controls. This
result implies that both patient groups exhibited an
encoding or acquisition deficit rather than an impairment
due to an abnormal accelerated rate of forgetting.

Additional similarities in symptomatology were found in
a study comparing AD and Korsakoff patients on tests of
episodic and semantic memory .(Butters, Granholm, Salmon,
Grant, & Wolfe, 1987). Three additional subject groups,
Huntington's patients, elderly controls, and young controls,
were also assessed. Ail subjects were administered a memory
for passages test (episodic memory) and two verbal-fluency
tasks (semantic memory). Results indicate that the AD and
the Korsakoff patients' performances were identical to each
other and distinguishable from the other subject groups by
the appearance of significant perseverative and intrusion
errors.

Although, as previously stated, most research has
focused on declarative memory functioning, a number of

studies have addressed procedural memory ability in AD. The
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results of studies completed to date, however, are somewhat
ihconsistent, ambiguous and.contradictory (Nebes, 1989).

In an early study, Miller (1975) presented a list of
words three times to 16 patients with presenile dementia and
to age-matched controls. Subjects were instructed to try to
remember the words. Following a distractor task, subjects
were then presented with the following four memory tasks in
counterbalanced order: free recall, recognition in which
each study word was paired with a new word, recognition in
which the studied words were mixed with new words, and
partial information in which the initial letter of each
studied word was shown (cued recall).

Results indicate that on recall and both recognition
tasks, the performance of the control group was superior to
the performance of the patient group. No performance
difference was apparent, however, on the partial information
task. Furthermore, performance of the patients on partial
information was signifiéantly better than their performance
6n free recall. This was not true in the control group.

It is important to note, however, that all four tasks
presented to the subjects in this experiment are explicit in
nature. Subjects were instructed to attempt to remember the
words upon presentation and, in all cases, were aware that
their memory was being assesséd during each task. Even the
partial information measure, on which the patients evidenced

unimpaired performance, was not implicit in nature.
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Morris, Wheatley, and Britton (1983) extended Miller's
(1975) paradigm to include a group of senile dementia
patiénts. The investigators presented a list of words to
ten patients with mild to moderate seniie dementia and to
ten healthy controls. The subjects were subsequently
administered a yes/no recognition task for half of the
target words and a partial information, cued recall task for
the remaining target words. The results were comparable to
Miller's. While the patients were impaired on the
recognition task, no differences were found between patients
and controls on cued recall. Again it should be noted that
both tasks used were explicit in nature, as subjects were
aware that their memory was being assessed.

While no direct conclusions can be drawn with respect
to memory dissociations from fhesg two early studies, they
do suggest that there are certain measures which reveal
intact memory functioning in both presenile and sénile,
dementia patients. Despite this finding, further research
in memory on AD was generally limited to uncovering those
memory functions which were impaired in the disorder.

The first group of studies specifically assessing
memory dissociations in non-amnesic, memory disordered
populations tended to utilize groups of subjects presenting
with differing etiologies. For example, Moscovitch (1982b)
conducted two experiments exploring performance differences

on implicit and explicit memory tasks. In Experiment 1
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recognition and reading speed were assessed in four groups:
college students, noninstitutionalized older college alﬁmni,
institutionalized elderly subjects, and four memory
disordered patients. Only three of the memory disordered
patients, however, presented with early AD. One subject's
disofder was éttributed to anoxia. Results indicate that
while the recognition performance of the memory disordered
group was impaired (i.e., at chance) relative to, for
example, the noninstitutionalized elderly, no differences in
reading speed performance was found between the same two
groups.

In Experiment 2 Moscovitch (1982b) administered a
lexical decision task and a recognition test to the same
subject groups. Results mirrored those of Experiment 1.

The memory disordered subjects (three out of four with AD)
were greatly impaired on recognition but were unimpaired on
the lexical decision task, thus evidencing intact direct
priming.

Further support for a memory dissociation in non-
amnesic, memory disordered subjects was found by Moscovitch,
Winocur, and McLachlan (1986) who administered a series of
implicit and explicit memofy tasks to a variety of subject
groups. In Experiment 1 young adults, home-dwelling elderly
adults, institutionalized elderly adults, and memory-
disordered adults participated. Three of the eight memory-

impéired patients presented with mild AD. The remaining
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five subjects in the group presented with memory disorders
of varying etiologies.

Subjecfs were presented with normal and with
geometrically transformed sentences to read. Their reading
speed was assessed at three points: immediately, two hours
1ater, and between 4 and 14 days later. Recogﬁition was
assessed at both delay periods. Recognition was found to be
accurate in both young and home-dwelling elderly subjects at
all assessment points. Recognition performance in the
institutionalized elderly was accurate at immediate and two-
hour delayed assessment. Mémory-disordered subjects showed
impaired recognition performance at all points. On the
other hand, all four groups read the sentences at a faster
rate across the three assessment points. Thus, in the
memory-impaired group (which included AD patients), implicit
memory performance was intact while recognition was not.

In Experiment 2 subjects consisted of 12 young adults,
1é elderly home-dwelling adults, and 8 memory impaired
adults, 6 with AD. Subjects were presented with sentences
and weakly associated word pairs. Immediately following
this, both reading speed and recognition of original, new,
and recombined stimuli were assessed. Results of this
experiment mirror the results of Experiﬁent 1. The young
and the healthy elderly subjects evidenced intact
recognition. The memory-impaired subjects, in contrast,

were unable to distinguish old from new and recombined items
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on the recognition task. - All three Qroups, however, read
old items faster than new or recombined items, an indication
of intact procedural memory.

Diamond and Rozin (1984) administered a series of
paired-associate tasks to both memory disordered (four
demented, two Korsakoff) and non-memory disordered (six
hospitalized non-amnesic) subjects. In one task, subjects
were presented with a list of disyllabic fémiliar words
(e.g., per-son). They were subsequently administered both
free recall and cued recall tasks. On free recall, the
performance of the memory-disordered subjects was impaired
relative to the control group. However, the memory-impaired
group gave many more correct responses in the cued recall
task.

Results of these studies (Diamond & Rozin, 1984;
Moscovitch, 1982b; Moscovitch, Winocur, & McLachlan, 1986)
suggest that patients presenting with AD exhibit a
dissociation in performance between implicit and explicit
memory tasks. However, conclusions based on these studies
can only be tentative as the memory disordered groups were
not completely composed of AD patients.

Although not intending to directly address the issue of
dissociations between procedural and declarative memory,
Nebes, Martin, and Horn (1984) were among the first group of
investigators to clearly reveal a dissociation among memory

systems in AD. They compared the performance of 20 AD
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patients and 20 elderly subjects on both episodic and
semantic memory tasks. According to Tulving (1972),
episodic and semantic memory can be viewed as two distinct
but parallel forms of memory. Episodic memory is a record
of contextually-bound, personally-experienced events. The
temporal and spatial aspects of the event are themselves a
part of the remembered information (e.g., when did event "a"
occur, what happened prior to and subsequent to event "a",
etc.). 1In general, information stored in episodic memory
takes the form of: I did such and such, at such and such a
time, in such and such a place. A more specific example
would be seeing the word "dog" on a list of twenty words and
remembering its presence there.

'ngantic memory, in contrasf, is a representation of
more abstract concepts. It is a context-free record of
facts, symbols, knowledge, procedures, and rules. None of
the information encoded in semantic memory is connected to a
parficular event or time but instead represents general
cognitive referents. An example of the type of information
stored within semantic memory would be the fact that a dog
is a four-legged, furry animal.

Nebes, Martin, and Horn (1984) note that most previous
research has utilized episodic memory tasks which require
effortful processing, or the dependence upon attentional
capacity to use semantic information. They hypothesized

that by using tasks requiring only automatic processing,



56
which does not require conscious awareness, a purer
assessment of semantic memory ability would be obtained.

Subjects were administered a perceptual threshold
measurement task to assess semantic memory and both
recognition and free recall tasks to measure episodic
memory. The explicit memory tasks (recall and recognition)
used to assess episodic memory'in this study are also
measures of declarative memory. The automatic processing
task (paired perceptual threshold) used to evalu&te semantic
memory is an implicit priming task Fhat can also be used to
assess procedural memory.

Eighty words were presenfed to subjects using a
tachistoscope. Although presented serially, the words were
actually composed of one word of a pair followed by the
other. Half of the pairs were semantically related (e.g.,
doctor-nurse) and half were unrelated (e.g., pepper-goat).
Subiects were required to identify each word after
presentation. The time required to identify the second word
of each pair was compared for words which followed either a
semantically related or a semantically unreiated stimulus.
Intact priming would be reflected in a decrease in the time
required to identify words which followed semantically
related stimuli. Following the priming task, subjects were
tested with free recall and recognition for all words.

A significant facilitative effect of priming was

evidenced by 85% (17/20) of the AD patients and 90% (18/20)
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of the controls. 1In other words, these subjects more
quickly identified words which followed semantically
associatea stimuli than words which followed unrelated
items. Iﬁ contrast, normal elderly subjects performed
significantly better than the AD patients on both free
recall and recognition. Therefore, while AD patients were
impaired in episodic memory tasks as expected, when assessed
with this particular implicit measure of semantic memory,
subjects with AD showed relatively intact memory ability.

This stud& clearly indicates that at least certain
implicit tasks of memory can be successfully performed by AD
patients. These findings show a dissociation between
episodic and semantic memory in AD patients but further
suggest a dissociation between procedural and declarative
memory as well.

In a later study, Nebes, Boller, and Holland (1986)
administered two types of priming tasks to 18 AD patients,
18 young controls and 18 elderly controls. In the first
task, subjects were read a semantic category (e.g., bird).
Following thié, a word was presented visually via a
tachistoscope. The subject wés required to respond "yes" if
the stimulus was a member of the previously stated category
or "no" if the stimulus did not belong to the semanfic
category. On 20 trials, the word was a high-dominance
example (mean frequency of occurrence per one million words

was 98.2), on 20 trials the word was a low-dominance example
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(mean frequency of occurrence per one million words was
75.6), and on 30 trials the word did not belong to the
semantic category.

Response times were found to be equally affected by
dominance in both control and AD subjects. All groups
responded more rapidly to high-dominance than to low-
dominance stimuli. The AD patients, unlike the normal
cdntrols however, responded significantly faster when the
target word was initially preceded by a related category.
This can be taken as evidence for intact priming ability.

In the second task, subjects heard a series of audio-
taped sentences in each of which the final word was deleted.
Subjects were tachistoscopically presented with a word at
the point in the tape where the final word was missing and
asked to identify it as quickly as possible. Of 75
sentences, 25 were combined with a congruous word, 25 with a
non-congruous word and 25 with a neutral word. In all three
subject groups, words were identified significantly faster
when preceded by a congruous prime than when preceded by
either neutral or non-congruous primes. As in the first
task, these findings are indicative of intact priming in AD
patients.

In a series of experiments, Hartman (1987; 1989)
administered a number of semantic memory tasks to patients
presenting with AD and to age- and education-matched healthy

controls. Subjects received a semantic verification task, a
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semantic priming task, and/or a test of recognition memory.
on the semantic priming task, naming latency was measured
for target stimuli which followed related, unrelated, and
neutral primes. AD patients evidenced intact priming on the
naming task (i.e., they had a shorter reaction time for
words preceded by a related prime) and intact performance on
the test of semantic verification. In contrast, the
patients evidenced impaired performance on the recognition
memory task.

Knopman and Nissen (1987) administered a novel implicit
memory task to AD patients and to elderly control subjects
as a means of studying procedural learning in these two
groups. The procedure involved a visual reaction time task
which required subjects to press the appropriate button when
an asterisk appeared in one of four possible positions on a
computer screen. Five blocks of stimuli were presented. On
the first four blocks, the same 10-trial sequence was
repeated ten times per block. On the fifth and final block,
100 random stimuli were presented. If procedural memory was
intact, a decrease in response time from block one to block
four would be expected. Concurrently, an increase in
response time from block four to block five would also be
predicted.

Overall, control subjects were found to respond more
rapidly than AD patients to the stimuli. However, both

subject groups showed a decreased reaction time from block
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one to block four. In addition, an increase in reaction
time was evident from block four to block five in both
groups. Thus, implicit memory performance was intact in
both control subjects and AD patients. As an informal
measure of explicit memory performance, the investigators
asked the subjects if they had been aware of the repeating
sequence embedded in the stimuli. Although the majority of
the control subjects recognized the pattern, only one AD
subject was aware of the sequence. Knopman and Nissen
(1987) interpret these findings as an indication of a memory
dissociation in AD; intact procedural memory (measured by
the implicit memory task) with impaired declarative memory
(informally assessed via post-experiment discussion).

Chertkow, Bub, and Seidenberg (1989) administered a
series of measures related to semantic memory to six
patients with probable AD and to ten age-matched controls.
A lexical decision task was included among the tests.
Target words in the procedure were preceded by an
associatively related word (e.g., hammer-nail), a
semantically related word (e.g., hammer-wrench), or an
unassociated word (e.g., hammer-horse). All subjects
exhibited intact priming. Interestingly, the AD patients
actually exhibited a greater facilitative effect of pfiming
than the age-matched controls. This effect was also found
by Nebes, Brady, and Huff (1989) in another study of lexical

decision performance in AD.
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Partridge, Knight, and Feehan (1990) presented AD
patients and healthy elderly controls with a list of words
and required subjects to generate a definition for each
word. Following this study phase, subjects were
administered a cued recall, free recall, or word-stem
completion task. Results indicate that on both cued and
free recall, AD patients were significantly impaired
compared to control subjects. In contrast, no differences
were found between the two groups on the implicit, word-stem
completion task.

Similar results were found by Grosse, Wilson, and Fox
(1990) who also assessed the performance of both AD patients
and control subjects on word-stem completion. In addition,
subjects were administered a test of recognition memory to
assess explicit task functioning. During the study phase,
subjects were administered a novel orienting task. A series
of incomplete sentences (e.g., "he hit the nail with a

") were presented and subjects were required to
complete each sentence with a best fit word. These words
then served as target stimuli for the test phase.

The data indicate that while AD patients exhibited
impaired recognition performance when compared to the
controls, no differences were found between the two groups
on word-stem completion: all subjects completed
significantly more word-stems which had been generated in

the study session than new, not studied word-stems.
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Taken together, these studies suggest that, similar to
amnesic patients and healthy controls, patients presenting
with AD show evidence of a dissociation between memory
systems. When assessed with certain implicit tasks, AD
patients show relatively intact memory. When memory is
assessed using explicit tasks, as has been consistently
found in the past, performance of patients with AD is
significantly impaired. These data are therefore consistent
with the existence of a memory dissociation between
procedural and declarative memory in Alzheimer's patients.

However, not all investigations support these
conclusions. Other studies indicate that procedural memory
can be impaired in AD patients (e.g., Shimamura, Salmon,
Squire, & Butters, 1987) and that performance may be
dependent upon the specific implicit task chosen (Nebes,
1989; Ober & Shenaut, 1988).

Shimamura, Salmon, Squire, and Butters (1987)
administered a series of memory tasks to patients with AD of
mild to moderate severity, Huntington's disease, and
Korsakoff's disease. Three control groups matched for age
to each patient group were also studied. The groups ranged
in size from six to nine subjects.

Subjects rated a list of ten words on a scale of liking
and then were administered a word-stem completion task.
Subjects were also administered the 15-item Rey Auditory

Verbal Learning Test which includes measures of both recall
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and recognition. All three patient groups were impaired on
both recall and recognition relative to their respective
control groups. However, of all the memory impaired
populations, only the AD patients evidenced impairment on
the word-stem completion task. In a similar study (Butters,
1987), the performance of AD patients was foﬁnd to be
impaired on verbal word-stem completion but intact on the
pursuit rotor task, an alternative procedural task.

Salmon, Shimamura, Butters, and Smith (1988) attempted
to replicate and advance the findings of Shimamura, Salmon,
Squire, and Butters (1987) in a larger sample of subjects.
They administered both implicit and explicit memory measures
to patients presenting with Alzheimer's, Huntington's, or
Korsakoff's disease as well as to controls. Subjects were
initially presented with a list of words to rate and
subsequently tested with two explicit memory tasks (recall
and recognition) and two implicit memory tasks (word-stem
completion in Experiment 1 and category/functional cuing in
Experiment 2).

Results of Experiment 1 indicate that while all groups,
including the AD patients, evidenced priming scores greater
than baseline guessing rates, the AD and the Huntington's
subjects evidenced impairment in word-stem completion when
compared to their respective control groups. The
Korsakoff's patients' performance on word-stem completion

was equivalent to their controls. All three patient groups
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evidenced impaired recall and recognition relative to the
control groups. These data replicate the findings of
Shimamura, Salmon, Squire, and Butters (1987). 1In
Experiment 2 of the study, both Huntington's and Korsakoff's
disease subjects evidenced intact performance relative to
the control group on the category/functional cuing task.
Only the AD subjects revealed impaired performance on this
implicit test of memory. As in Experiment 1, all three
patient groups evidenced impaired explicit memory
performance.

Ober and Shenaut (1988) presented AD patients and
healthy adults with a lexical decision task. Subjects were
required to determine if a string of letters was or was not
a word. All target stimuli were preceded by either
semantically related, phonetically (rhyming) related, or
unrelated primes. In addition, target items were repeated
once throughout the study. Thus, measures of both direct
and indirect priming were obtained.

Data indicate that AD patients did not benefit from
indirect semantic priming. Healthy adults, on the other
hand, did show the exéected reduction in response time in
the indirect semantic priming condition. In contrast, both
AD patients and healthy adults showed intact direct priming.
Response time decreased in both groups upon the second
presentation of the target items.

In a related study, Albert and Milberg (1989) also
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presented AD and control subjects with a lexical decision
task. In this case, however, only indirect priming was
measured. As was found by Ober and Shenaut (1988), control
subjects evidenced intact indirect priming; that is,
reaction time required to identify real words was shorter
when those words were preceded by a related word. As a
group, AD patients showed no facilitation when the target
stimulus was preceded by a related word. It should be
noted, however, that an interesting picture emerged when
Albert and Milberg looked more closely at the performance of
the AD patients. Six of the ten AD patients actually
evidenced a significant facilitative priming effect, and
this was even greater than the effect seen in the controls.
This effect was neutralized, however, by the remaining four
AD subjects who actually evidenced negative priming; their
performance was better when the target stimulus followed an
unrelated word than when it followed a related word. Thus,
although as a group AD patients did not evidence intact
indirect priming, sixty percent of the subjects did show a
robust priming effect.

In an attempt to study dissociations in non-verbal
memory, Heindel, Salmon, and Butters (1990) presented AD,
Huntington's, and control subjects with a series of line
drawings of common objects and asked subjects to name them.
Subsequent to this study phase, subjects were administered a

picture-fragment identification test followed by a cued
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recall test. The instructions of these two tasks varied but
the tasks were equivalent. Subjects were presented with a
series of incomplete, fragmented stimuli. In the fragment
identification task, subjects were instructed to state the
first thing that came to their mind upon presentation. 1In
the cued recall task, subjects were asked to identify each
~object after being informed that they had seen the same
drawings before, but as intact figures in the study phase.
Subjects were shown a series of increasingly complete
drawings until all the stimuli were correctly identified.
When compared to control subjects, both AD and Huntington's
patients were found to be significantly impaired on cued
recall. In contrast, only the AD subjects evidenced
impaired performande on the implicit, fragment -
identification task. Huntington's patients performed as
well as the healthy controls.

The studies reviewed above do not lead to a firm
conclusion with respect to implicit memory performance in
AD. While in all cases AD patients are impaired on explicit
memory tasks, there is evidence for both intact and impaired
performance on implicit memory tasks. Of the 14 studies
reviewed which limited their amnesic population to AD and
strictly differentiated between implicit and explicit
measures, AD patients showed intact performance on ten and
impaired performance on seven tests of implicit memory

measured in the studies. This is detailed in Table 1.



TASK

EXPLICIT

IMPLICIT

Nebes et al.
(1984)

Paired Perceptual Priming

Free Recall
Recognition

Nebes et al.

Sentence Priming

(1986) Story Recall -

Paired Associates -
Butters Pursuit Rotor =
(1987) Word-Stem Completion -

Knopman et al.
(1987)

Embedded RT Test

Shimamura et al.
(1987)

Word-Stem Completion

Recall
Recogn@;ion

Ober et al.
(1988)

Direct Lexical Decision
Indirect Lexical Decision

Salmon et al.
(1988)

Word-Stem Completion

Category Cueing
Recall
Recognition

Albert et al.
(1989)

Indirect Lexical Decision

Chertkow et al. Indirect Lexical Decision +
(1989)

Hartman Naming Latency =
(1989) Recognition -

Nebes et al. Indirect Lexical Decision +
(1989)

Grosse et al.
(1990)

Word-Stem Completion

Recognition

Heindel et al.
(1990)

Picture-~-Fragment Completion

Cued Recall

Partridge et al.
(1990)

Word-Stem Completion

Free Recall
Cued Recall

*Explicit Tasks

- ¢t impaired performance

Implicit Tasks

+ 101

impaired facilitation
normal facilitation
increased facilitation
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Effortful Versus Automatic Processing

One possible variable which may underlie these
inconsistent findings is the degree of processing capacity
required by each particular implicit task (Jorm, 1986). All
cognitive processes require energy from an individual's
attentional capacity, a nonspecific resource for cognitive
processing (Hasher & Zacks, 1979). Cognitive operations,
however, vary in the amount of cognitive effort necessary
for their successful completion (Kahnemann, 1973).
Operations which require effortful processing necessitate
considerable cognitive capacity and demand. In contrast,
operations which involve automatic processing require
minimal effort and demand.

Attentional capacity is limited, however, even in
healthy individuals. Tasks which require effortful
processing drain energy from our limited attentional
capacity and, as such, may interfere with other tasks.
Automatic processing tasks, on the other hand, require
significantly less attentional capacity; they do not drain
energy from our attentional capacity and are thus less
likely to interfere with other cognitive processes (Hasher &
Zacks, 1979; Schneider & Shiffrin, 1977). This enables
basic information to be encoded even as more demanding
cognitive tasks are occurring.

According to Schneider and Shiffrin (1977) the process

of learning may be represented on a continuum from effortful
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or controlled to automatic. Thus, when an individual is
faced with a novel, unfamiliar task, effortful processing is
initially required to successfully complete the task. Once
a new association is formed and the task becomes familiar to
the individual, automatic processing becomes the most
effective and preferred mode of processing. For example, as
a child learns to write, effortful processes are required.
In time, as the child becomes a fluent writer, automatic
processes are sufficient to complete the task.

Hasher and Zacks (1979) have outlined five variables
essential to the concept of effortful and automatic
processing: intentional versus incidental learning, practice
and instructions, interference, variations in capacity, and
developmental trends. (a) Intentional versus incidental
learning. Effortful processing is limited to conditions
where learping is voluntary and intentional. An individual
is therefore always aware of such processing. Automatic
processing, on the other hand, does not require such
awareness. It can occur under both intentional and
incidental learning conditions. (b) Practice and
instructions. Effortful processing benefits from both
practice and instruction. Because automatic processing
occurs without awareness, neither practice nor instruction
will improve processing. (c) Interference. Effortful
processing requires substantial attentional capacity and

will thus interfere with the effectiveness of other
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processing tasks. Automatic processing, on the other hand,
‘does not interfere with other cognitive activity. (4)
Variation in capacity. The capacity for effortful
processing varies both between and within individuals.
Variables such as stress, arousal and depression can
decrease the effectiveness of effortful processing.
Automatic processing, in contrast, remains unchanged across
such state changes. (e) Developmental trends. Automatic
processes develop and peak in efficiency earlier in
development than effortful processes (see Parkin & Streete,
1988). With‘age, effortful processing declines whereas
automatic processing remainé essentially intact (Howard,
1988).

The dichotomy between effortful and automatic
processing may be applicable to the area of memory
dissociations. Discrepancies within this area may in part
be attributable to variations in the amount of cognitive
effort required by different priming tasks (Nebes, 1989).
Memory tasks requiring automatic processing drain minimal
energy from an individual's limited cognitive resources and
may'therefore be a more pure reflection of memory ability
than effortful tasks. If a task requires too much effort
and places too much demand on a subject's limited
attentional capacity, that task may be failed. Therefore,
it is plausible that a subject may exhibit impaired

performance on a memory task not because of a deficit in
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memory ability per se, but as a result of the cognitive
effort required by the task. This is true in an elderly
population (Burke, White, & Diaz, 1987) and especially true
in AD patients (see (e), developmental trends, above) whose
cognitive impairment is so global as to often interfere with
even the simplest task.

Nebes, Martin, and Horn (1984) note that most previous
studies of memory have utilized episodic memory tasks which
require effortful processing, or the need for attentional
capacity to use semantic iﬁformation. They hypothesized
that by using tasks requiring only automatic processing
without conscious awareness a purer assessment of semantic
memory ability would be obtained. Results of their study,
reviewed earlier, support this contention. Their data
indicate that when the assessment task does not require a
conscious decision or an effortful search, certain aspects
of memory are found to be unimpaired in AD patients. The
authors suggest that implicit priming tasks are automatic in
nature and may thus be the assessment of choice.

It may be the case, however, that not all implicit
tasks are in fact automatic but in fact can be ranked with
explicit tasks along a continuum of processing demand. For
example, although word-fragment completion is implicit in
nature, it requires considerable cognitive effort in the
form of attention, searching and analyzing, all of which are

impaired in AD. Subjects must first be able to understand
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the demands of a task which they are not regularly
confronted with. The subject needs to search for the
correct answer, selecting and discarding erroneous solutions
along the way. Successful completion requires lexical
search and knowledge of rules of spelling and letter
combinations (Witherspoon & Moscovitch, 1989). Such a
procedure requires significant cognitive effort and demand.

In contrast, the requirements of the perceptual
threshold measurement task, for example, are significantly
less demahding; subjects must simply read each word aloud as
it is flashed in their visual field. This requires less
cognitive effort and, in fact, requires almost nothing but
reading, an automatic processing task in the adult (Jorm,
1986). It may thus be the case that the performance of AD
patients on tasks of implicit memory is to a large degree
dependent upon the degree of cognitive difficulty required.

Goals of the Present Studg

To summarize, a dissociation betwéen two distinct
systems of memory has been found in patients with amnesic
disorders (e.g., Korsakoff patients). Declarative memory,
the explicit retention of information, facts and events, is
found to be impaired in amnesics when measured by explicit
tasks, such as recall and recognition. In contrast,
procedural memory, the implicit retention of skills,
processes and procedures, is found to be spared when

assessed by implicit memory tasks, such as skill learning
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and priming. It could be presumed that each memory system
is associated with a distinct brain region with only the
structures underlying declarative memory affected in
amnesia.

Most research has shown that, as with amnesic patients,
severe, unequivocal declarative memory deficits are found in
AD patients. In contrast, while many studies have revealed
intact procedural memory in amnesic samples, fewer
investigations have focused on procedural memory in AD and
the results of these studies have been inconclusive. AD
patients show clear evidence of intact priming performance
in some experiments but impaired performance in still
others.

These inconsistencies may be attributable to
differences among the specific memory tasks themselves as
well as to differences in the designs of previous
experiments.. The tasks studied vary in the amount of
processing capacity they demand. At one extreme are
effortful processing tasks which make significant cognitive
demands. Automatic processing tasks, at the other extreme,
require minimal energy and cognitive capacity. AD patients,
who have limited cognitive resources, are likely to fail any
task requiring too much cognitive effort. Thus, it may be
that a complete assessment of memory functioning in AD
patients requires the administration of automatic as well as

effortful processing tasks.
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. Given this background information, the purposes of the
present study were threefold: (a) to determine how the
performance of AD patients on implicit and explicit memory
tasks compares to that of healthy, elderly subjects; (b) to
determine if the dissociation between procedural and
declarative memory that has already been established in
amnesic patients will be evident in patients presenting with
AD; and (c) to éscertain if the degree of processing demand
(effortful versus automatic) has a significant effect on
memory performance in AD and in elderly control subjects.
Furthermore, the design, tasks and procedures of the present
set of experiments have been specifically chosen to address
certain flaws in the design and execution of previous
studies, some of which may have contributed to the
inconsistent findings to date.
Research Design
The design of the present experiments is a departure
from the designs of recent investigations. Most studies
within this area have employed a within-subjects design.
While generally more powerful than between-subjects designs,
such variables as carryover and fatigue effects present in
many within-subjects designs often limit theveffectiveness
of the procedure and the validity of the results. This is
particularly true in the case of the repeated administration
of implicit and explicit memory tests.

The conventional way to overcome such effects in a
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within-subjects design is to present the repeated
assessments in a counterbalanced format. However, by far
the majority of previous investigations into memory
dissociations have utilized a single fixed order. This
‘design is demanded by the nature of the variable of
interest: namely implicit versus explicit memory task
performance. By definition a subject, presented with an
implicit task, is unaware that memory is being assessed.
Therefore, in studies administering both implicit and
explicit memory tasks within subjects, the explicit task
must always follow the implicit task. If instead the
initial task is explicit, it may become clear to the subject
that the words presented in the initial phase of the
experiment are part of the content of the subsequent
implicit memory task.

For these reasons, as stated above, most investigations
have employed a within-subjects, fixed-order design (e.g.,
Grosse, Wilson, & Fox, 1990; Hartman, 1987; Nebes, Martin, &
Horh, 1984; Salmon, Shimamura, Butters, & Smith, 1988;
Shimamura & Squire, 1984). There is clearly an additional
danger, aside from carryover and fatigue effects, in this
type of design however. 1In the process of being
administered each subsequent éssessment, the subject either
generates or is presented with to-be-recalled items from the
original study list. Therefore, it is possible that by the

final memory task, the subject will have seen some target
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items only once during the study phase while having seen (or
generated) other items two, three or even four times during
previous assessments. As the majority of these experiments
are concerned with direct priming, in which a previousiy
seen stimulus facilitates subsequent processing of the same
stimulus, it is important that at the time of the memory
assessment all to-be-remembered items have been presented an
equal number of times to the subject.

Similarly, the very act of remembering a study item
during any single memory tgst may serve to enhance the
memory of'that item on subsequent tests (Shimamura, 1985).
For example, Graf, Shimamura, and Squire (1985) examined
memory performance on word-stem completion following free
recall. All subjects receiﬁed these two tests in a fixed-
order design. Analysis of the data revealed that the ﬂ
percentage of sucqessful'word-stem completions for words
recalled on the initial free recall task was twice as large
as for words not recalled on the initial task. Graf and
Mandler (1984) presented subjects with three memory tasks in
the following fixed order: word-fragment completion, free |
recall, and recognition. Analyses indicate that test items
presented on the word-fragment completion test were more
often recalled and recognized than test items not presented
on the word-fragment completion test. This same effect has
been found in at least four additional studies as well

(Danion, Zimmerman, Willard-Schroeder, Grange, & Singer,
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1989; Mutter, Howard, Howard, & Wiggs, 1990; Shimamura &
Squire, 1984; Tulving, Schacter, & Stark, 1982).

Hintzman (1980) describes difficulties which may appear
in the statistical analysis of data generated by memory
measures, especially when the focus is the relationship
between performances on multiple tests of memory retrieval.
He refers to what has become known as Simpson's Paradox:
when two or more contingency tables are combined and
collapsed, the resulting data may show a relationship
different from the relationship of each original member.

One example he cites is the problem with utilizing both
recall and recognition in the same experiment. Clearly this
reservation can be extended to studies using both implicit
and explicit tasks in the same experiment as well.

Issues such as these clearly point to the problems
inherent in a within-subjects, fixed-order design. Despite
these problems, however, few investigators have examined or
even addressed the issue of experimental design. The
present study, as a means of reducing at least some of the
confounding present in previous research, has used an
independent groups design.

There are other shortcomings in the experimental
designs of previous work that may have threatened the
validity of studies within the area of memory dissociations
in AD and which are addressed in the current set of

experiments. These include combining AD subjects with other
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mémory-disordered populations (e.g., Diamond & Rozin, 1984;
Moscovitch, 1982b; Moscovitch, Winocur, & McLachlan, 1986),
contaminating the "implicit" task by describing it as a
memory test within the initial instructions (Burke, White, &
Diaz, 1987; Cermak, Blackford, O'Connor, & Bleich, 1988;
Miller, 1975; Morris, Wheatley, & Britton, 1983; Perruchet &
Baveux, 1989), and utilizing different lists of study words
for the implicit and explicit assessments (Shimamura,
Salmon, Squire, & Butters, 1987).

As a means of overcoming these potential prqblems: (a)
all memory-disordered patients included in the present study
were diagnosed as having AD; (b) the instructions presented
with the study list did not include reference to
"memorizing" or to a fﬁture memory test; and (c) all
subjects were administered the same list of target words
regardless of the specific memory task to follow.

Proposal and Hypotheses

In the present set of experiments, a series of memory
tasks was administered to two subject groups: AD patients
and age- and education-matched healthy adults. The memory
tasks varied on two dimensions: memory type (explicit and
implicit) and cognitive load (effortful and automatic). Two
tests of implicit memory (word-fragment completion and
perceptual threshold measurement) and two tests of explicit
memory (free recall and recognition) were administered.

The particular implicit tasks studied were selected for
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the quite different levels of cognitive effort required. As
described above, the word-fragment completion task demands
considerable cognitive effort while the perceptual threshold
measurement task requires much less. The explicit memory
tasks were selected to "match" the extent of cognitive
demand required by the two implicit tasks: the free recall
task was matched to the more effortful word-fragment
completion task in Experiment 1, while the recognition task
was matched to the less demanding, automatic perceptual
threshold measurement task in Experiment 2.

While free recall and recognition are both explicit
tasks requiring considerable cognitive processing, there are
differences between the tasks with respect to processing
requirements and strength of effort required (see
Hashtroudi, Ferguson, Rappold, & Chrosniak, 1988; Johnson &
Hasher, 1984; Williamsen, Johnson, & Eriksen, 1965).
Recognition is a less demanding task than free recall. By
definition, the recognition task includes a direct
presentation of the target stimulus to the subject, allowing
for a familiarity response. In contrast, there are no cues
present to orient the subject in the free recall task, thus
necessitating more active retrieval processes.

Furthermore, both free recall and word-fragment
completion are tasks involving two separate stages of
processing. 1In the initial stage for both, the subject must

generate possible candidate stimuli. In the second stage,
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the subject must determine either if the generated stimulus
had been seen (free recall) or completes the fragment (word-
fragmeﬁt completion). In contrast, the recognition and
perceptual threshold measurement tasks require only the
second stage: no internal generation is necessary. This
lends further validity to the description of free recall and
word~fragment completion as effortful and recognitibn and
perceptual threshold measurement as automatic.

The following hypotheses were based on a review of
previous research findings. If in fact the degree of
processing demand required'by each memory task is an
important variable, AD patients would be expected to exhibit
a diésociation between memory systems similar but not
identical to the dissociation seen in amnesic groups. More
specifically, it was hypothesized that the AD patients would
perform more poorly than the controls on tests of recall and
recognition, both explicif tasks of memory. In contrast, it
was expected that priming performance on the implicit tasks
in AD patients would be mediated by the degree of cognitive
demand required by each task. Compared to the matched
control subjects, the AD patients were expected to exhibit
impaired priming ability on word-fragment completion
(Experiment 1), an implicit task requiring significant
cognitive effort, but intact priming ability on perceptual
threshold measurement (Experiment 2), an implicit task

requiring minimal cognitive resources.
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Experiment 1
In Experiment 1, the.inifial study phase presented a
list of wérds without reference to the study component of
the experiment. Half of the subjects were subsequenfly
administered a word-fragment completion test, an effortful
processing, implicit memory task. The remaining subjects
received a free recall task, an explicit memory measure
matched to word-fragment completion in terms of relative
cognitive processing effort. The performance of the AD
patients was compared to that of the controls on both memory
measures.
Method
Subjects. A total of 50 sﬁbjects participated in
Experiment 1. There were 25 patients with a clinical
diagnosis of Alzheimer's disease and 25 healthy adults.
fatients. Twenty-five patients (13 men and 12 women) with a
clinical diagnosis of Alzheimer's disease were studied.
Subjects in this experimental group ranged from 55 to 85
years of age (M=71.96; SD=8.14) and had attended 6 to 20
vears of school (M=;3.17; SD=3.65). Mean and standard
deviation values according to experimental task are
presented in Table 2. Patients were recruited from the
Alzheimer's Disease Research Center (ADRC) located within
the Department of Psychiatry at the Mount Sinai School of
Medicine.

All selected patients had previously been diagnosed at
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Table 2

Values of Demographic Variables for AD patients and Elderly
Controls in Experiment 1

Free Recall Fragment Completion
N=24 N=26
AD EC AD EC

N=12 N=12 N=13 N=13
Age
Mean 73.00 68.88 70.92 73.61
SD 9.04 6.12 7.24 7.31
Education
Mean 13.33 15.83 13.00 13.77

SD 2.99 3.01 4.30 3.00
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the ADRC according to the following rigorous criteria. All
patients met the Diagnostic and Statistical Manual of Mental
Disorders III-Revised (DSM III-R; American Psychiatric
Association, 1987) criteria for primary degenerative
dementia of the Alzheimer type. The National Institute of
Neurological and Communicative Disorders and Stroke (NINCDS)
(McKhann, Drachman, Folstein, Katzman, Price, & Stadlan,
1984) criteria for probable AD was also used. To
participate in the present study patients must have met both
the DSM-III-R and the NINCDS criteria, further increasing
the validity of the diagnosis.

Diagnosis of AD was made based on a thorough medical,
psychiatric, and neurological assessment. Procedures
included a complete history, a physical examination, mental
status testing, electroencephalogram (EEG), chest x-ray, CAT
Scan (CT), complete blood count (CBC), serum chemistries
(CHEM), urinalysis, and thyroid function tests. Patients
presenting with or evidencing a history of hypertension,
diabetes, epilepsy, head injury, cardiovascular disease,
major psychiatric disorder, or substance abuse were
excluded. All patients evidenced significant deterioration
of functioning consistent with AD for a minimum of one
year's time.

Severity of AD was measured with the Mini-Mental State
(MMS) Examination (Folstein, Folstein, & McHugh, 1975), a

brief screening test which evaluates cognitive functioning.
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Based on criteria used at the ADRC, scores of 26 or below
out of a possible 30 points are indicative of cognitive
decline consistent with dementia. MMS scores for patients
participating in Experiment 1 ranged from 9 to 26 (M=18.02;
SD=5.44). '

Since the MMS is an instrument containing items that
assess memory, the variable of interest, use of the scale to
determine the subject sample may be considered a confound.
However, in the present study the scale was used only for
the assessment of disease severity, with the diagnosis
already previously established. Further, the MMS only uses
questions relating to declarative memory and not procedural
memory. Since it is already clear that declarative memory
is impaired in AD and since the primary question in the
present study involves procedural memory, any possible
confounding is at a minimum.

In addition, the MMS is one of the few cognitive
functioning assessment scales to maintain a relatively even
balance of items requiring effortful processing and those
requiring automatic processing (Jorm, 19865. Nineteen out
of the 30 items on the scale require effortful processing.

Control Subjects. Twenty-five healthy adults (14 men
and 11 women), judged not to be suffering from any form of
dementia, formed the control group. The control subjects
were selected to be matched to the patients in terms of age

and education. Controls ranged in age from 62 to 90 years
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(u;71.25} SD=6.71) and had attended from 8 to 20 years of
school (M=14.80; SD=3.01). This matched group did not
differ significantly from the AD patients in terms of age or
years of education whether comparing each subject gfoup in
its entirety (AD versus control) or comparing subjects
separately based on the experimental task received (free
recall versus word-fragment completion). Mean and standard
deviation values according to specific experimental task are
presented in Table 2.

Older adults were recruited from a pool of control
subjects participating in studies being conducted by the
Department of Psychiatry at the Mount Sinai School of
Medicine. This pool had been generated primarily through
community advertisements. Although control subjects had
participated previously in other research studies conducted
at Mount Sinai, their participation was limited and thus
this sample is not composed of a group of "professional
normals." The older adults were matched to the AD subjects
in terms of education and age. All older adults were
screened for medical, psychiatric, and neurological
disorders. Screening procedures included a complete
history, a physical examination, mental status testing, CBC,
CHEM, urinalysis and, when available, CT and EEG.
Prospective subjects presenting with or evidencing a history
of diabetes, epilepsy, hypertension, head injury,

cardiovascular disease, major psychiatric disorder, or
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substance abuse were not included. Older adults obtained
scores of between 27 and 30 (M=28.91; SD=1.26) on the MMS.

.All subjects provided voluntary written informed
consent. 1In the case of the AD patients, written consent
from their caregivers was obtained. All subjects were
tested individually. Subsequent to participation, all
subjects were informed of the purpose of the study.

Study Materials and Memory Tests. The stimulus set for
the experiment was composed of 29 words selected according
to the following criteria. All words represented concrete
objects (e.g., ARﬁOW). All words were between four and
eight letters in length. All words had a word frequency
level of between 25 and 300 per million words (Carroll,
Davies, & Richman, 1971). Each word was centered on a three
inch by five inch white index card, used in the study phase,
in one inch black capital letters.

Two lists of 12 words each were selected from the set
of 29 words so that the mean word frequency in List 1 (M=83
per million) and List 2 (M=80 per miliion) did not differ.
Half of the words in each list represented objects that
could be picked up and half did not (see below). Half of
each subject group was presented with one of the two lists
during the initial study phase of the experiment. The
remaining subjects were presented with the alternate list.
The five words remaining from the original set of 29 were

used as buffers (two words at the beginning and three words
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at the end of the study list) in order to counteract any
primacy or recency effects in performance. Thus a total of
17 words were presented to each subject.

For the free recall test, a response sheet was
developed and consisted of a single lined sheet preceded by
the following printed instructions: "Earlier you were shown
a list of words and asked if you could pick up the objects
represented by the words. I would now like you to try to
recall as many of those words as possible. Please write all
the words you can remember on this page. When you are
through, please turn this paper over." |

For the word-fragment completion test, between one and
four letters in each word were removed. No more than two
consecutive letters were removed from any single word (e.g.,
N E _ D _ _, NEEDLE). When properly completed, all
fragments could be made into only one particular concrete
word. A test sheet was developed and consisted of a single
page containing two columns of word-fragments. One half of
the items on the word-fragment test sheet were from List 1
and the remaining items were from List 2 to provide old
(primed) and new (non-primed) words for each group. The
first three items on the list always consisted of previously
unseen words to help ensure that the subjects did not
realize that some of the stimuli were previously presented.
The remainder of each list consisted of both old and new

words in a randomized order. The fragments were preceded by
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the following printed directions: "The following is a list
of words which are missing letters. Please fill in the
missing letters so that you make a complete word. All words
are either a place or a thing. Work as quickly as possible.
You may complete the items in any order you like. If you
have trouble with an item, you can go to the next word and
come back to that item later. If you need to, you can use
an extra sheet of paper to write on. When you are through
please turn your paper oVer.ﬁ

The entire set of 24 target words and their word
fragments are presented in Appendix A.

Procedure. At the onset of the experiment, subjects
were given instructions relating the upcoming experiments to
learning in general. No specific reference was made to the
memory component of the tasks.

Each of the 17 words (5 buffer, 12 study) was then
presented by hand individually to the subject. The specific
study list and the order of the words within each of the two
lists were randomized for each subject. Each target word
was presented once for a duration of 5s, with a quinter-
word interval.

Subjects were told to read each word aloud and to
determine if the word presented could be picked up by the
subject (e.g., flower-yes, river-no). No other information
was given. This general type of task was chosen so that

subjects would not be expecting a memory task to follow.
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The specific task was chosen as it is a deep-processing ’
task, requiring subjects to identify the word, examine its
meaning, process the weight and size of the object and,
finally, encode the results of that procedure. It has been
suggested that in order to reflect accurate performance in a
demented population, the study phase of a memory task must
ensure that the patients successfully attended to,
understood, and encoded the stimuli (Grosse, Wilson, & Fox,
1990; Partridge, Knight, & Feehan, 1990). If instead,
patients had been presented with a shallow processing task
at encoding, the to-be-tested material may not have been
encoded and poor results may not have reflected impaired
memory retrieval ability per se. Thus the task used in the
present study helped to ensure that memory functioning was
in fact being examiﬁed during the test phase of the
experiment.

Immediately following the presentation of the study
list, subjects were randomly assigned to and administered
one of two possible memory tasks: free recall or word-
fragment completion.

For free recall, all subjects received the test sheet
described earlier and were read the instructions as printed
on the form. No additional instructions or information were
given.

For word-fragment completion, the general task was

initially explained. Subjects were then presented with
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three practice fragments. .After it was clear that the
subject understood the task, the word-fragment completion
test sheet described earlier was presented and the printed
instructions were read aloud. No other instructions or
information was given; Half of the list consisted of items
initially presented in the study phase while the remaining
items were not presented as part of the study list. They
were, however, used to determine a level of baseline
completion performance (i.e., what percentage of the total
number of fragments will the subject complete given that the
word had not been previously presented).

For each subject, the entire procedure was completed in
a single session and lasted approximately 30 minutes or
less.
Results

The measure of interest in the free recall task was the
total number of items correctly recalled from the initial
study list of 12 words. Possible scores ranged from 0 to
12. In the word-fragment completion task, the measure of
interest was the difference in the number of fragments
completed for previously presented and for new words.:
Possible difference scores (total number of primed fragments
completed minus total number of non-primed fragments
completed) ranged from -12 to 12. Thus the variabie of
interest in the free recall task is a measure of words

recalled while the variable of interest in the word-fragment
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completion task is a measure of performance difference.

Because of the considerable scaling differences in the
measurement scales of the two tasks, the data from the two
tasks were analyzed in separate procedures. Separate
analyses have been carried out in the majority of previous
studies comparing explicit memory tasks and completion tasks
(Brown, Brown, & Bowes, 1989; Cermak, Blackford, O'Connor, &
Bleich, 1988; Danion, Zimmerman, Willard-Schroeder, Grange,
& Singer, 1989; Graf, Shimamura, & Squire, 1985; Graf,
Squire, & Mandler, 1984; Grosse, Wilson, & Fox, 1990;
Komatsu & Ohta, 1984; Light & Singh, 1987; Light, Singh, &
Capps, 1986; McClelland & Pring, 1991; Nissen, Knopman, &
Schacter, 1987; Partridge, Knight, & Feehan, 1990;
Shimamura, Salmon, Squire, & Butters, 1987).

Free Recall. The test protocols were scored to obtain
a measure of performance on the tests of free recall. The
mean number of words correctly identified from the target
words on the study list was computed for each subject group.

Data were analyzed initially to determine the effects
of subject gender and list type. No significant differences
emerged as a function of either variable. As a result of
this finding, the data were collapsed by subject gender and
list type in all subsequent analyses. A significant effect
of subject group emerged, £(23)=9.86, p<.001. AD patients
recalled significantly fewer target words (M=0.3) than did

elderly controls (M=6.5).
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When both AD patients and elderly controls were
considered together as a group, there was a significant
correlation between MMS score, reflecting general cognitive
capacity, and recall performance, r(22)=.78, p<.001. This
relationship was reduced to a large degree and was
nonsignificant when AD patients (r=.48) and control subjects
(r=.06) were analyzed separately. The significant
correlation found when combining the subject groups
appears to result from the high recall and MMS scores of the
controls analyzed with the low recall and MMS scores of the
patients. The restriction of range occurring in analysis of
individual subject groups clearly reduced the value and
significance of the correlation. Correlation coefficients
can be found in Table 3.

Word-fragment Completion. The test protocols were
tabulated to obtain a measure of performance on the word-
fragment completion test. A relatively stringent criterion
considered a completion to be correct only if it exactly
matched its respective target word.

The mean number of fragments correctly completed by
each subject group was calculated. Separate totals were
tabulated for primed fragments formed from target stimuli
presented in the stﬁdy phase and non-primed fragments formed
from words not previously presented. 1Inclusion of the new
baseline fragments provided a measure of the percentage of

fragments subjects successfully completed without prior
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Table 3
Correlations Between Task Performance and Level of Cognitive-

Capacity as Assessed by the MMS in Experiment 1

N RECALL N FRAGMENT COMPLETION
Primed Non-primed
Group
AD 12 .48 13 .41 .29
EC 12 .06 13 .12 .17

TOTAL 24 . 78% 26 72% .61*

*p=.001
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exposure. The difference in completion rates between the
primed and the non-primed fragments represents the priming
effect. Performance for each subject group is illustrated
in Figure 1.

Data were analyzed initially to determine the effects
of subject gender and list type. No significant differences
emerged as a function of gender. As a result, the data were
collapsed by subject gender in all subsequent analyses. In
contrast, a significant effect of list type emerged. As
such, this variable was included in all further analyses.

Data were subjected to a mixed analysis of variance
with subject group (AD patients, elderly controls) and list
type (List 1, List 2) serving as the between subjects
variables and fragment condition (primed, non-primed)
serving as the repeated measure.

A significant main effect of subject group emerged,
F(1,25)=26.43, p<.001. AD patients completed a
significantly lower number of fragments (M=2.65) than
elderly controls (M=7.58). A significant main effect of
fragment condition was also found F(1,25)=27.60, p<.001.

As a group then, AD and control subjects completed a
significantly greater number of previously seen fragments
(M=6.04) than new fragments (M=4.19). A significant
interaction between fragment condition and list was found,
F(1,25)=33.77, p<.001. A greater priming effect was seen

overall with List 1 (primed M=7.67, non-primed M=3.42) than



Figure 1

Fragment completion performance as a function of fragment
condition and subject group in Experiment 1.
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with List 2 (primed M=4.64, non-primed M=4.86. A
significant interaction between subject group and list was
also found, F(1,25)=4.73, p<.001. In AD patients, a greater
number of fragments were completed from List 1 (M=4.17) than
List 2 (M=2.14). In the controls, in contrast, more List 2
(M=8.14) than List 1 (M=6.92) fragments were completed. No
other main effects or interactions were found to be
significant. Analysis of variance tables are présented in
Appendix B.

Perhaps the most noteworthy finding for fragment
completion was the absence of a significanﬁ fragment
condition by subject group interaction, although the effect
did approach significance, F(1,25)=3.18, p=.089. The
direction of the performance of both subject groups on word
fragment completion was equivalent since both the AD and the
control subjects completed more primed fragments than non-
primed fragments.

Priming Effect. While both groups show some effect of

priming (i.e., more fragment completions for target than for
new fragments), the degree of priming, represented by the
percent primed/non-primed difference in completion rates,
was less than half the size in the AD (9.6%) as in the
control subjects (21%). In other words, when control
subjects had previously viewed a fragment as a completed
word, they were 21% more likely to complete the fragment

than when they had not been previously exposed to the item.
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In contrast, previous exposure to the target word increased
performance in AD patients by less than 10% as compared to
performancevon new, baseline items.

In order to examine the priming effect within each
subject group, the data were examined using t-tests. As
expected, the difference between the number of primed
fragments (M=8.85; SD=1.99) and non-primed fragments
(M=6.31; SD=2.93) completed by the control subjects was
significant, £(12)=3.56, p=.004. In contrast, while AD
patients also completed more primed fragments (M=3.23;
SD=3.63) than non-primed fragments (M=2.08; SD=2.66), the
difference in performance was npt statistically significant,
t(12)=1.25, p=.236.

Overall, while only 6 of the 13 AD subjects (43%)
evidenced intact priming, 10 of the 13 control subjects
(77%) exhibited the priming effect. Interestingly, in the
10 cases where priming was not exhibited, subjects had all
seen List 2 in the study phase.

An individual item analysis was conducted on the
fragments in order to determine possible explanations for
the unexpected interactions between subject group and list
type and fragment condition and list type. The total
percentage of correct completions per word (i.e., of the 26
subjects who saw each word, what percentage actually
correctly completed each fragment?) was tabulated for both

AD (see Table 4) and control (see Table 5) subjects. Data
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Table 4

Fragment Completion Performance in AD Patients as a Function
of Priming Condition: Item Analysis

Percentage of subjects correctly completing each stimulus

Primed Non-Primed Priming Total
Word List # Condition Condition Effect Correct
Cattle 1 17% 0% yes 8%
Street 1 67% 43% ves 54%
Chair 1 33% 29% yes 31%
Garden 1 100% 29% yes 62%
Stove 1 67% 43% yes 54%
Child 1 50% 29% yes 38%
Snake 1 50% 14% yes 31%
Arrow 1 67% 43% ves 54%
Sstick 1 50% 14% yes 31%
Railroad 1 67% 29% yes 46%
Ranch 1 50% 14% yes 31%
Shirt 1 0% 14% no 8%
Total 1 51% 25% - 37%
Mountain 2 14% 50% no 31%
Stream 2 0% 0% no 0%
Plant 2 14% 17% no 15%
Flower 2 0% 0% no 0%
Trunk 2 0% 17% no 8%
Field 2 14% 17% no 15%
Stone 2 14% 17% no 15%
Beach 2 29% 33% no 31%
Forest 2 14% 33% no 23%
Harbor 2 0% 0% no 0%
Trail 2 14% 17% no 15%
Needle 2 14% 17% no 15%
Total 2 11% 18% - 14%

Total 1 &2 29% 22% - 26%
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Table 5

Fragment Completion Performance in Elderly Controls as a
Function of Priming Condition: Item Analysis

Percentage of subjects correctly completing each stimulus

Primed Non-Primed Priming Total
Word List # Condition Condition Effect Correct
Cattle 1 10% 14% no 8%
Street 1 100% 100% no 100%
Chair 1 83% 71% yes 77%
Garden 1 100% 100% no 100%
Stove 1 100% 100% no 100%
Child 1 83% 57% yes 69%
Snake 1 83% 71% yes 77%
Arrow 1 100% 86% yes 92%
Stick 1 100% 71% yes 85%
Railroad 1 100% 86% yes 92%
Ranch 1 50% 43% yes 46%
Shirt 1 33% 0% yes 15%
Total 1 78% 67% - 72%
Mountain 2 86% 67% yes 77%
Strean 2 29% 17% yes 23%
Plant 2 86% 33% yes 62%
Flower 2 29% 17% yes 23%
Trunk 2 86% 83% yes 85%
Field 2 57% 17% yes 38%
Stone 2 57% 17% yes 38%
Beach 2 71% 33% yes 54%
Forest 2 86% 50% yes 69%
Harbor 2 57% 0% yes 31%
Trail 2 100% 83% yes 92%
Needle 2 100% 33% yes 69%
Total 2 70% 37% - 55%

Total 1 &2 74% 53% - 63%
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are presented in the form of percentages since unequal
numbers of subjects were tested on List 1 (n=12) and List 2
(n=14). In the control group, each fragment was completed
by at least one subject. Three of the fragments (all from
List 1) were completed by all 12 control subjects while one
of the fragments (also from List 1) was completed by only
one control subject. In the AD group, in contrast, there
were three fragments (all from List 2) which were not
completed by even a single subject and seven additional
fragments (five from List 2 and two from List 1) completed
by either only one or two AD subjects. At the other
extreme, four fragments (all from List 1) were cdmpleted by
either seven or eight AD subjects.

When individual fragments were analyzed with respect to
priming, the list effect became even more apparent. For
each fragment, the total number of subjects who completed
that item was tabulated based on whether the subject had or
had not been previously presented with its target word. An
item was considered to be primed if its fragment was
completed by more subjects who had seen the target word than
subjects who had not. In the control subjects, 8 of the 12
words from List 1 were primed by the previous presentation
of List 1 while 12 out of 12 words from List 2 were primed
by the prior presentation of List 2. In other words, a
greater number of control subjects completed individual

target fragments associated with their respective study
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phase list for 20 out of 24 total possible items. This
pattern was equivalent for both lists. The AD subjects
shbwed a different effect however. Similar to fhe controls,
AD patients evidenced a priming effect in the majority of
individual items from List 1; 11 out of 12 possible words
were primed. In stark contrast, however, was the lack of a
pfiming effect in List 2. None of the 12 words from List 2
revealed a priming effect in the AD subjects. In other
words, AD subjects who had not previously seen an item were
equally or more likely to complefe the fragment as‘AD
subjects who had actually been previously presented with the
item.

Discussion

The primary purpose of Experiment 1 was to compare the
performance of AD patients and control subjects on two tests
of memory, distinguished primarily by the fact that one test
(free recall) was explicit in nature while the other test
(word-fragment completion) was implicit. Furthermore,
successful performance on both tasks required a significant
degree of effortful processing. It was predicted that, when
compared to matched healthy control subjects, AD patients
would exhibit impaired recall performance on free recall and
impaired priming performance on word-fragment completion.
Results from Experiment 1 support this hypothesis.

As expected, the performance of AD patients on the test

of free recall was significantly and unequivocally impaired.
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In fact, 10 of the 12 AD subjects were unable to recall a
single item from the study list. This finding is consistent
with the literature which clearly demonstrates a severe
impairment in memory functioning in AD patients when
assessed with free recall (e.g., Kaszniak, Wilson, & Fox,
1981).

However, the fact that only 2 of the 12 subjects were
able to recall any items from the list suggests that there
was a floor effect in the recall task. As AD patients have
been shown to be consistently impaired on free recall of
words regardless of the number of target items, this floor
effect appears to have limited impact on the conclusions of
this experiment.

The results of the word-fragment completion test were
not as easily interpretable however. As expected, AD
patients completed far fewer fragments overall than did the
control subjects. In this respect, the performance of the
patient group was unquestionably impaired. The majority of
AD patients were able to comprehend and execute the task,
however, as all but three AD subjects completed at least one
fragment.

The degree of priming exhibited by the control subjects
(21%) exceeded the degree of priming exhibited by the AD
patients (9.6%) by more than double, also suggesting that
performance on the fragment completion test was impaired in

AD patients when compared to controls. Unexpectedly,
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hdwever, both AD and control subjects exhibited éome degree
of facilitation due to priming. This finding is reflected
in the non-significant fragment condition by subject group
interaction. However, é;though more primed fragments than
non-primed fragments were completed by both the AD and the
control groups, this difference reached significance only in
the controls. |

The results obtained on the word-fragment completion
task in Experiment 1 must be viewed within the context of
the significant interactions between fragment condition and
list and subject group and list. While the control subjects
evidenced a facilitative effect of priming on both List 1
and List 2, the AD patients showed this effect only with
List 1. In fact, not a single AD patient presented with
List 2 exhibited a facilitative effect of priming. There
are two plausible explanations which may account for this.
Either the List 2 fragment formations or the List 2 items
themselves were somehow different.

Careful consideration suggests that the fragment
formations were more likely responsible for the list effect.
Both List 1 and List 2 were initially matched by a variety
of rigid criteria, including word frequency, concreteness
and number of letters. This matching process established a
priori the similarity of Lists 1 and 2. Furthermore, the
fact that such an effect was obtained only in the word-

fragment completion task and not in the free recall task
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suggests that the effect was probébly due to the fragment
formations themselves and not to the particular words
selected. If in fact the specific words on List 1 and List
2 were in some way distinct and responsible for these
findings, the fragment condition by list interaction would
have also been obtained within the context of the free
recall task. As this was not the case, it is highly
unlikely that the list effect was due to the specific words
themselves.

It seems more reasonable to conclude that the effect
was a result of differences in the fragment formations
between List 1 and List 2. The fragments from List 2 were
apparently more difficult for the AD patients then the
fragments from List 1. The controls, in contrast, were
equally able to complete the fragments from both lists. The
only criterion set for the development of the fragments was
that no more than two consecutive letters could be removed
from each word. The interactions with list type appear to
have resulted from the fact that not enough a priori
criteria were developed to ensure that the fragments from
List 1 and List 2 were in faét comparable. In any case,
given that the results of the experiment indicated that AD
patients were impaired, as expected, on the wofd-fragment
completion task, the salience of the list effect is
minimized.

The finding of impaired priming in AD patients on the
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word-fragment completion test is consistent with the
proposed effect of the processing component of the task. As
stated above, the task requirements of word-fragment
completion are complex. A successful performance involves
intact problem-solving skills and knowledge of rules of
spelling and letter combinations. However, unlike free
recall, the task provides subjects with cues in the form of
a very structured and limited response set. Thus, while
selection of a response in a free recall task does not
provide the subject with a method for determining the
success of the response, in word-fragment completion the
subject is able to determine immediately if the selected
response is accurate (i.e., do the letters I place within
the fragment serve to form a real word?). Therefore, while
the cognitive demand required by the task leads to a reduced
facilitation from priming in AD patients compared to control
subjects, the structure provided by the task ifself perhaps
enabled the AD patients to exhibit some, albeit highly
reduced, degree of intact facilitation by priming.

While the deficit in the implicit memory task
performance seen in Experiment 1 is consistent with the
proposed effect of the processing demand of the task, such a
finding is not sufficient to conclude that this variable is
definitely having an impact. If in fact the high degree of
processing demand required by the memory tasks in Experiment

1 did play a role in the impaired performance of AD
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patients, it would be’expeéted that implicit memory tasks
which required minimal coénitive effort would reveal
unimpaired priming performance. Such an outcome would

support the importance of the cognitive processing

dimension. Experiment 2 was undertaken to examine this

possibility directly.
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Experiment 2

The main goal of Experiment 2 was to compare
performance of AD patients and control subjects on memory
tasks requiring a smaller degree of cognitive processing
effort than those measures used in Experiment 1. 'In
Experiment 2, subjects were administered the identical word
list presented in Experiment 1, again without reference to
the memory assessment to follow. Subsequent to the study
phase, half of the subjects received a perceptual threshold
measurement task, an automatic processing, implicit
procedure. The other half were administered a recognition
task, a test of explicit memory matched to perceptual
threshold measurement in terms of cognitive processing
requirements. If in fact the data indicate that AD patients
evidence unimpaired facilitation from priming on the
perceptual threshold measurement task, the existence of a
memory dissociation as well as the importance of the
processing dimension in AD will be supported.
Method

Subjects. A total of 41 subjects, 19 AD patients and
22 healthy controls, participated in Experimént 2. No
subject participated in both Experiments. Eleven men and
eight women with a clinical diagnosis of AD were studied.
Patients were recruited from the ADRC located within the
Department of Psychiatry at the Mount Sinai School of

Medicine. All selected patients met the same inclusion and
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exclusion criteria for patients outlined in Experiment 1.
Subjects in the AD group ranged from 55 to 87 years of age
(M¥69.53; SD=8.35) and had attended between 8 and 20 years
of school (M=13.95; SD=3.31). No significant differences in
demographic variables were found between patients in
Experiments 1 and 2. Mean and standard deviation values for
each task are presented in Table 6. MMS scores for patients
participating in Experiment 2 ranged from 13 to 26 (M=20.47;
SD=4.54).

Twelve older adult men and ten older adult women,
judged not to be suffering from any form of dementia, formed
the control group. Older adults were recruited from a pool
of control subjects participating in studies being conducted
by the Department of Psychiatry at the Mount Sinai School of
Medicine. All older adults met the same entry criteria
outlined for control subjects in Experiment 1. They were
selected to be matched to the AD subjects in terms of
education and age. Control subjects ranged in age from 58
to 83 years (M=69.14; SD=6.39) and in education from 12 to
20 years (M=15.64; SD=3.01). This matched group did not
differ significantly from the AD patients in terms of age or
years of education whether comparing each subject group from
Experiment 2 in its entirety (AD versus control) or
comparing subjects separateiy based on the experimental task
received (recognition versus perceptual threshold

measurement). No significant differences in demographic
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Table 6

Values of Demographic Variables for AD patients and Elderly
Controls in Experiment 2

Recognition Perceptual Threshold
N=22 N=19
AD EC AD EC
N=10 N=12 N=9 N=10
Age
Mean 72.60 67.17 66.11 71.50
Sb 8.07 5.54 7.66 6.80
Education
Mean 14.30 16.17 13.56 15.00

~Sbh 3.83 2.72 2.79 3.33
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criteria were found between controls in Experiments 1 and 2.
Mean and standard deviation values according to each task
are presented in Table 6. MMS scores for control subjects
participating in Experiment 2 ranged from 27 to 30 (M=28.64;
SD=1.26).

All subjects provided voluntary written informed
consent. In the case of AD patients written consent from
their caregivers was obtained. Subjects were tested
individually. Subsequent to completion of the experiment,
all subjects were informed of the purpose of the study.

Study Materials and Memory Tests. The present
experiment utilized the identical study lists édministered
in Experiment 1. Both lists consisted of 12 target words
preceded by two and followed by three buffer items to
counteract both primacy and recency effects, respectively.

For the recognition test, three alternative choices for
each target word were selected based on the following
criteria. All alternate words were concrete in nature. One
alternative was semantically related to the target word
(e.g., stone, rock). The second alternative was
graphemiéally related to the»target word (e.g., stone,
phone). The third and final alternative was unrelated to
the target word (e.g., stone, grape) but met two criteria:
it had to have the same number of letters as the study word
and begin with a different letter. These three distinct

categories of foils (semantically related, graphemically
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related, and unrelated) were selected to determine if either
subject group consistently chose a specific type of
alternate response when incorrect.

It was reasoned that a pattern of errors consisting
primarily of semantic alternates would reflect some degree
of intact "memory." Consistently selecting the alternate
item which represents the same semantic concept as the
target item indicates that subjects have encoded at study
and are correctly identifying at test at least one important
component of that target. Similarly, a pattern of errors
consisting primarily of phonetic alternates also implies
some degree of intact memory. In contrast, an error pattern
consisting of either primarily unrelated or a combination of
all three alternates would indicate little memory savings.

The test sheets for the recognition test consisted of
each target word and its three related foils. The words
were printed two inches apart in one column and centered on
the page. The locations of each set of four words were
randomized on each sheet so that the target and foil words
were not in the same position on each test form. A totél of
12 sheets were printed, one for each target word.
Instructions, printed on a cover sheet, read as follows:
"Earlier you were shown a list of words and asked if you
could pick up the objects represented by the words. I am
now going to show you a series of sheets with four words

printed on each paper. One of the four words was presented
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to you before on the list. Please choose the word which you
remember as being on that list. If you are unsure, please
guess the word which you believe you had seen."

For the perceptual threshold measurement task, a
Gebrands 3-Field tachistoscope was used. Thirty-four words
(10 filler, 24 target) were printed on 4 inch by 6 inch
white cards in 1/8 inch black Letraset capital letters. The
cards were inserted into the tachistoscope for presentation
during the test phase.

Procedure. The study phase presented in Experiment 2
was equivalent to the study phase in Experiment 1. Subjects
were initially given instructions relating the upcoming
experiment to learning in general. No specific reference
was made to tasks involving memory. Subjects were told that
they would be presented with a series of words and were
required to read each word aloud and to determine if the
word presented could be picked up by the subject (e.qg.,
flower-yes, river-no). No additional information was given.
Each of the 17 words (5 buffer, 12 study) was then presented
individually to the subject. The specific study list and
the order of the words within each of the two lists were
randomized for each subject. Each word was presented by
hand once for a duration of 5s, with a 2s inter-word
interval.

Immediately following the presentation of the study

list, subjects were randomly assigned to and administered
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one of two possible memory tasks: recognition or perceptual
threshold measurement. For recognition, subjects received
the 12 test sheets, described above, each of which contained
a single study item and its three alternatives. Subjects
were read the instructions printed on the test form. No
other instructions or additional information were given.

For the perceptual threshold measurement task, subjects
were comfortably seated at the tachistoscbpe and were
instructed to look into the eyepiece of the macﬁine. They
were then read the following instructions: "You will see a
series of words, presented one at a time, flashed very
rapidly on the-screen. Try to determine what word is being
presented and tell your guess to the experimentér out loud.
If you are unsure of the exact word, you should guesé.
Before each word appears on the screen, a bracket will
appear in your field of vision. Please focus on this
bracket as that is the position where the word will soon
appear. Are you ready?"

A total of 34 words were presented to each subject.

The first ten words were fillers that were used to acclimate
the subject to the machine and to ensure that the subject
understood the instructions. These words were discarded
during the data analysis. The remaining 24 words consisted
of a randomly presented combination of the 12 target words
seen in the study phase (List 1 or List 2) and 12 baseline

words (the alternate list) used to determine a baseline
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level of threshold duration.

The first five stimuli, one half of the filler words,
were each initially presented for a duration of 2s. This
relatively long duration ehabled the subject to easily
identify the target, get acclimated to the apparatus and
learn where each target word would appear. The second five
filler stimuli were presented via an ascending method of
limits. Each word was initially presented for an exposure
duration of .04s with subsequent increases of .005s until
each word was correctly identified by the subject. The
purpose of this presentation was to ensure that the subject
understood the instructions and that the specific task could
be completed correctly. If a subject was unable to identify
any of the filler stimuli, the experiment was stopped and
the data discarded.

Following the 10 filler stimuli, the 24 target words
were then presented in the same manner as the last five of
the filler'words, via the ascending method of limits. Words
were again presented at an initial duration of .04s and
subsequently increased by .005s increments until the word
was correctly identified.

For each subject in Experiment 2, the procedure was
completed in one session and lasted 30 min or less.

Résults
The measure of interest in the recognition task was the

total number of items correctly recognized from the initial
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study list of 12 words. In the perceptual threshold
measurement task, the measure of interest was the difference
in perceptual threshold durations for previously presented
words and new words, as measured in milliseconds. Because
of the considerable differences in the measurement scales of
the two tasks, the data analyses were carried out separately
for each task (see Cermak, Talbot, Chandler, & Wolbarst,
1985; Jacoby & Dallas, 1981; Winnick & Daniel, 1970).

Recognition. The tesf protocols were scored to obtain
a measure of performance on the recognition test. The mean
number of words correctly identified from the target words
was calculated for each subject group. Data were analyzed
initially to determine the effects of subject gender and
list type. No significant differences emerged as a function
of either variable. As a result of this finding, the data
were collapsed by subject gender and list type in all
subsequent analyses.

A significant difference was found in the number of
words correctly recognized by the two groups, t(21)=5.57,
p<.001. AD patients recognized significantly fewer target
words (M=6.80) than did the control subjects (M=11.58).

When AD patients and elderly controls were combined as
one group, there was a significant correlation between MMS
score,. a reflection of general cognitive ability, and
recognition performance, r(20)=.79, p=.001. This

relationship was not significant when AD patients (r=.46)
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and elderly controls (r=.17) were analyzed separately. The
lack of significance is related to the restriction of range
of values obtained in each individual subject group.
Correlation coefficients can be seen in Table 7.

Recognition Errors. The types of recognition errors,
semantic, phonetic, or unrelated, committed by both AD and
control subjects were tabulated and the data are presented
in Figure 2. Mean number of recognition errors was
significantly greater in the AD patients (M=5.20) than in
the controls (M=.42), t(21)=5.57, p<.001l. The total number
of errors committed by the AD patients ranged from a minimum
of one to a maximum of ten whereas no control made more than
two total errors.

When the data were analyzed based on error type, an
interesting picture emerged. 1In all cases, the limited
number of errors committed by the control subjects were
semantic in nature. There was not a single phonetic or
unrelated error made by the control group. The pattern of
errors committed by the AD subjects was somewhat more
variable. AD patients were equally likely to commit all
three types of errors. Although semantic errors (42%)
slightly outnumbered phonetic (27%) and unrelated (31%)
errors, there were no significant differences among the
error types. When the error patterns of individual AD
subjects were reviewed, it was revealed that seven of the

ten subjects made errors in all three categories.
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Table 7

Correlations Between Task Performance and Level of Cognitive
Capacity as Assessed by the MMS in Experiment 2

N RECOGNITION N PERCEPTUAL THRESHOLD
PRIMED NON-PRIMED
AD 10 .46 9 -.58%* -.61%*
EC 12 .17 10 -.60%* =.64%
TOTAL 22 . 79%% 19 -.65%% -.68%%
*p=.05

**p=.001
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Figure 2

Recognition errors as a function of error type in AD
patients and healthy controls.
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Perceptual Thresholds. In addition to the nine
subjects included in the analysis, four other AD patients
had been entered into the study. These subjects, however,
were unable to perform the perceptual threshold measurement
task. In all cases, the four subjects stated that they
could not read any of the initial filler items. As a
result, the four subjects were dropped from subsequent data
analysis. Possible explanations for their difficulties are
discussed below.

The test protocols of the remaining nine AD subjects
and the ten elderly control subjects were scored to obtain a
measure of performance on the perceptual threshold
measurement test. Mean threshold durations were calculated
for both primed and non-primed items for each subject group
and are illustrated in Figure 3.

Data were analyzed initially to determine the effects
of subject gender and list type. No significant differences
emerged as a function of either variable. As a result of
this finding, the data were collapsed by subject gender and
list type in all subsequent analyses.

A mixed analysis of variance (see Appendix B) was
carried out with subject group (AD patients, elderly
controls) serving as the between subjects variable and
threshold condition (primed, non-primed) serving as the
repeated measure. Because of the skewed distribution seen

in the perceptual threshold measurement scores, the data
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Figure 3

Perceptual threshold measurement performanée as a function
of threshold condition and subject group in Experiment 2.
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were transformed to a logarithmic scale to adjust for the
skewness and stabilize the variances. Such a
distribution is not wholly unexpected given the wide
discrepancy in mean and variance of the threshold durations
of the AD patients and the controls.

A significant main effect of subject group emerged,
F(1,17)=8.103, p=.011. Words were identified at longer
durations in AD patients (M;.93s) than in elderly controls
(M=.18s). No other effects were significant.

Priming Effect. 1In order to examine the priming effect
within each subject group, the data were analyzed within
groups using related t-tests.- In AD patients, a significant
difference was found between the threshold durations of
primed and non-primed stimuli, t(8)=3.44, p=.009. Primed
items were identified faster (M=.85s; SD=1.13) than non-
primed items (M=1.00s; SD=1.25) in the AD patients. The
mean percentage difference between primed and non-primed
items was 15% in the patient group. The decreased mean
tﬁreshold for previously presented words (i.e., the priming
effect) was evident in all nine of the AD patients.

The control subjects, in contrast, did not evidence a
significant difference in threshold durations between primed
and non-primed stimuli, although the difference approached
significance, t(9)=2.151, p=.060. There was no difference
between identification durations of primed items (M=.17s;

SD=.16) and non-primed items (M=.19s; SD=.18). In the
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controls, the mean percentage difference between primed and
non-primed items was 11%. Although not significant, nine of
the ten control subjects evidenced a shorter mean threshold
for previously presented words.

Performance on the perceptual tﬁreshold measurement
task was significantly correlated with cognitive functioning
(See Table 7) in both AD patients and healthy controls. The
greater the degree of cognitive impairment, reflected in
lower MMS scores, the longer the threshold duration. This
was true for performance on both primed (AD r=-.58, p=.05;
controls r=-.60, p=.05) and non-primed stimuli (AD r=-.61,
p=.05; controls r=-.64, p=.05). The significant correlation
in the control subjects in spite of the restricted range of
possible scores (27 to 30) appears to be a function of a
single outlier. This subject obtained the lowest possible
MMS score (27) and also had the longest threshold duration
of all controls, which was in fact nearly three times as
long as the subject with the next longest duration. There
was also a significant correlation between MMS scores and
difference scores (primed durations minus non-primed
durations) in the entire subject sample (r=.66, p=.01) but
not within the individual subject groups.

Discussion

Experiment 2 compared the performance of AD patients

and healthy controls on two measures of memory: recognition

and perceptual threshold measurement. While both tasks
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require minimal cognitive effort, the recognition task is
explicit in nature and perceptual threshold measurement is
implicit. It had been hypothesized that AD patients would
evidence impaired performance on the test of recognition
memory but intact priming performance on perceptual
threshold measurement. The outcome of Experiment 2 supports
this hypothesis.

As expected based on previous research, AD patients
performed significantly worse than healthy age~- and
education-matched controls on recognition. While every
control recognized ten or more of the 12 original items,
only two AD patients equalled that level of performance.
Most patients were able to perform the basic task however,
as all but one subject recognized more items than would be
expected by chance. A comparable level of performance was
exhibited by AD patients in a number of earlier studies
(e.g., Miller, 1975, 1977; Wilson, Bacon, Kramer, Fox, &
Kaszniak, 1983).

Analysis of the number and pattern of recognition
errors committed by the subjects revealed further
differences between the AD patients and the elderly
controls. With respect to total number of errors,
significantly fewer errors were made by the controls. 1In
féct, errors were committed by only four of the_lz control
subjects and no control made more than a total of two

errors. This outcome was fully expected based on previous
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research on explicit recognition memory in demented and
control subjects. More interesting was the analysis of the
pattern of errors committed by the groups.

This issue has been previously investigatéd in both
contfol subjects and in AD patients. Albert, Heller, and
Milberg (1988) found that as healthy subjects age, naming
errors are predominantly semantic in nature. They conclude
that the semantic nature of the errors indicates that,
although incorrect, the subject actually knew a great deal
about the target word.

In AD, a number of investigators (Bayles & Tomoeda,
1988; Martin & Fedio, 1983; Wilson, Kaszniak, Fox, Garron, &
Ratusnik, 1981) have found that the majority of errors made
on tasks of confrontation naming are also semantic in
nature. This was confirmed by Nebes (1989) who, after
;eviewing the literature, reported that errors in naming
made by patients with dementia are usually semantic and are
rarely visual in nature.

In the present experiment, the recognition task
administered to the subjects consisted of the target word
and three alternate choices: a semantically related, a
phonetically related and an unrelated item. Although the
control subjects committed a total of only five errors, a
very consistent pattern emerged. In every case the
alternative item selected was semantically related to the

target word. This suggests that even though the subjects
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were unable to recognize the correct answer, they were
always able to remember the meaning of the word.

The error pattern of the AD patients was quite
different. Of 52 total errors committed by the patients, 22
were semantic, 14 were ﬁhohetic, and 16 were unrelated.
Thus, although semantic errors (42%) slightly outnumbered
phonetic (27%) and unrelated (31%) errors, the difference
between these percentages was nonsignificant. This
inconsistent pattern suggests that many of the responses
made by the patient group reflected guesses rather than true
memory savings.

Because of the limited number of studies focused on
implicit memory in AD, fewer confident predictions based on
previous research could be made with regard to the
perceptual threshold measurement task. It was hypothesized
however, based on the limited attentional capacity required
by the task, that AD patients would exhibit a facilitation
from priming on the perceptual threshold measurement task.
Results of the present ekperiment support this hypothesis.

One hundred percent of the AD patients who completed
the task (2 out of 9) evidenced a facilitative effect of
priming. In the AD group, subjects exhibited a
significantly lower perceptual threshold for items which
they had previously seen as compared to newly administered
items. 1In the patients, primed targets were identified 15%

faster overall than non-primed words.
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In contrast, while 92% of the control subjects (11 out
of 12) had decreased threshold durations for items which
they had previously seen as compared to newly administered
items, the difference between primed and non-primed stimuli
(11%) did not reach significance. These results indicate
that the degree of priming exhibited in the perceptual
threshold measurement task was actually greater in AD
patients than in elderly controls.

The absence of a significant facilitative-effect of
priming in the control subjects may be a function of the
extremely short threshold durations exhibited by that group.
These low perceptual thresholds were evident for both primed
(-17s) and non-primed (.19) stimuli. It may be the case
that such extreme speed of identification considerably
reduced the possibility of revealing differences between the
two conditions. 1In fact, there is evidence that a greater
facilitative effect of priming is found as the duration of a
stimulus presentation increases (Nebes, Brady, & Huff, 1989;
Stanovich & West, 1983), supporting the possibility that the
'lack of significance in the controls may have been in part a
function of their brief threshold durations.

It should also be noted that the effect is in the
expected direction in 11 of the 12 control subjects as well
as in the group as a whole. While not significant, the
effect is close to significance (p=.06). Perhaps a larger

number of subjects would have decreased the relatively high
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variance and led to significant findings.

While the AD subjects showed an advantage over the
controls with respect to degree of priming facilitation, the
patients were still significantly impaired relative to the
controls in terms of overall threshold durations: AD
patients exhibited significantly higher thresholds than the
elderly adults. Thus, even given the significant priming
effect, it cannot be said that the performance of the AD
patients on this automatic implicit memory task was
completely spared.

Several findings suggest that priming performance on
the perceptual threshold measurement task Qas closely linked
to degree of cognitive impairment in the AD subjects.

First, significant negative correlations were found between
threshold performance on both primed and non-primed items
and MMS scores (see Table 6). For example, the two AD
subjects with the highest thresholds (M=2.78s) also had
lower MMS scores (M=18.00) than the remaining AD subjects
(M=22.70). Thus increased cognitive dysfunction, reflected
in lower MMS scores, appears to be associated with higher
perceptual threshold durations. Correlations were
significant in the AD patignts, as well as in the control
subjects and the two subject groups combined.

. Second, while MMS scofes ranged from 14 to 26 (M=21.67)
in the nine patients who were able to perform the test,

scores ranged from 9 to 16 (M=11.00) in the 4 patients
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unable to complete the task. This suggests that with
further declining cognitive abilities, the test can no
longer even be performed. As stated above, unsuccessful
protocols had been aborted in all cases because the subject
claimed to be unable to read the word due to its size.
Because no vision tests were performed, it is not clear that
poor vision is definitely the only or necessarily even the
primary cause of failure. It is equally likely that overall
level of cognitive functioning had a direct effect.

.Therefore, it appears that as cognitive ability
declines, the cognitive demands of even an automatic
processing task greatly increase. In the case of moderately
demented AD patients, they may no longer retain the
necessary skills to complete a task such as perceptual

threshold measurement.
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General Discussion

The general aim of the current set of experiments was
to evaluate the role of cognitive processing demand on
implicit and explicit memory performance in both healthy,
elderly and AD subjects. More specifically, the goals of
the present study were: (a) to compare the performance of AD
patients and matched healthy control subjects on implicit
and explicit memory tasks; (b) to determine if in AD, a
dissociation exists between implicit and explicit memory
tasks (and thus procedural and declarative memory systems)
as it does in amnesic patients; and (c) to examine the
possible effects of cognitive processing demand (effortful
versus automatic) on such a dissociation.

In brief, the results of the experiments reported here
indicate that (a) relative to healthy controls, AD patients
are significantly impaired on tasks of explicit memory but
unimpaired on the priming component of certain tests of
implicit memory; (b) while AD patients do appear to exhibit
a dissociation among systems of memory, this dissociation is
different from the one seen in amnesic patients; and (c) the
degree of cognitive demand required by an implicit memory
task mediates priming performance in AD and thus plays a
critical role in dissociations among systems of memory in
AD.

EXPLICIT MEMORY MEASURES

Two tasks of explicit memory were administered to AD
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subjects and their matched controls: free recall in
Experiment 1 and recognition in Experiment 2. Both tasks
are presumed to reflect the operation of thé declarative
memory system. Performance of AD patients'on both tasks was
unequivocally impaired when compared to the performance of
control subjects. AD patients both recalled and recognized
significantly fewer target items than did the healthy,
elderly subjects. These results confirm the findings of
previous research which has demonstrated a clear and severe
impairment on tests of explicit memory and declarative
memory functioning in AD (e.g., Kaszniak, Wilson, & Fox,
1981; Miller, 1975, 1977; Wilson, Bacon, Kraﬁer, Fox, &
Kaszniak, 1983; Wilson, Kaszniak, Bacon, Fox, & Kelly).
IMPLICIT MEMORY MEASURES

Two tests of implicit memory were presented to the
subjects: word-fragment completion in Experiment 1 and
pérceptual threshold measurement in Experiment 2. While
pérformance on both tasks is thought to reflect the
operation of the procedural memory system, they differ with
respect to the degree of processing required of the subject.
Word-fragment completion is a complex, effortful task while
perceptual threshold measurement is a relatively
straightforward, automatic task.

The results of Experiment 1 indicate that when assessed
by word-fragment completion, the performance of AD patients

is totally impaired. However, the results of Experiment 2
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indicate_that when asseséed with perceptual threshold
measurement, aspects of the performance of AD patients are
unimpaired. In Experiment 2, although AD patients evidenced
a higher threshold overall than control subjects, the AD
patient group exhibited unimpaired priming performance as
evidenced by an intact facilitative effect of priming. In
fact, the degree of facilitation from priming on the
perceptual threshold measurement task was significantly
greater for AD patients than for the controls, who did not
evidence a significant facilitative effect of priming.

| Although it may at first appear unusuai that AD
patients would evidence a greater advantage from priming, a
similar finding of greater facilitation in AD patients than
in controls was also found by Chertkow, Bub, and Seidenberg
(1989) and Nebes, Brady, and Huff (1989). 1In both cases,
the investigators had employed a lexical decision task
paradigm.

One possible reason for the increased facilitative
effect of priming in the patient group may relate to the
performance of the control group. As described earlier, the
threshold durations for both primed and non-primed targets
in the controls were very low (.17s and .19s, respectively).
This may have considerably reduced the possibility of
finding effects due to the priming condition. 1In contrast,
the threshold durations for the AD subjects were relatively

long, perhaps enabling the priming effect to be more
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apparent. Had the perceptual threshold measurement task
been more difficult (with degraded or smaller stimuli for
example), a facilitative effect of priming equal to or
greater than that seen in the AD patients may have been
evidenced in thebcontrol subjects. However, increasing task
difficulty would have made the procedure too difficult for
the patient group, rendering the data meaningless.

PROCESSING CAPACITY

Taken together, Experiments 1 and 2 indicate that under
certain conditions, AD patients do in fact exhibit a
facilitative effect of priming. The present study further
suggests that the degree of cognitive demand required by a
memory task has a considerable influence on priming '
performance in patients with AD. These patients exhibit
limits in attentional capacity as a result of both agingA
and, to a greater degree, the degeneration associated with
their disorder. As such, when a task requires a large
degree of effortful processing (e.g., word-fragment
completion), that task will be failed. In contrast, when a
task is automatic in nature (e.g., perceptual threshold
measurement), priming performance in AD patients can be
evident, at least in the early stages of the disease.

This relationship between priming performance on an
automatic test of memory functioning and degree of cognitive
impairment was clearly evident in the current study.

Performance on the MMS, a test of general cognitive
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functioning, was used to categorize subjects according to
level of cognitive functioning. Analysis of the data shows
that a significant correlation emerged between priming
performance and cognitive ability in both AD and control
subjects. At some point the cognitive changes associated
with AD become so severe, howéver, that even automatic tasks
will be failed. A review of the data from the current study
supports this contention: the patients unable to coﬁplete
the perceptual threshold measurement task obtained lower,
and thus worse, scores overall on the MMS than did the
successful subjects.

These results support the findings of Jorm (1986) who
proposed that in AD, effortful processing is impaired early
in the course of the disorder, while automatic procéssing
remains intact until the later stages of the disease. He
reasoned that if this proposal were correct, it would be
expected that performance on tasks requiring effortful |
processing would be impaired in all AD patients regardless
of severity while performance on tasks necessitating only
automatic processing would remain intact until at least the
later stages of Ah. As a means of verifying this
hypothesis, Jorm reviewed studies in which AD patients were
grouped by severity of illness. Jorm's evaluation covered a
wide range of processes and procedures including vocabulary,
reading, naming, retrieval, storage, and learning. Jorm

concluded that in all these areas, performance on automatic
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processing tasks remained intact until later in the disorder
while performance on effortful processing tasks revealed
early decline.

The results obtained in the current study suggest a
reevalﬁation of earlier investigations. Based on these
findings, it might be expected that previous studies which
found impaired priming performance in AD either (a) utilized
implicit memory tasks which required significant effortful
processing or (b) utilized a group of subjects who either
completely or in part consisted of AD patients with a
relatively severe impairment. A review of these studies
suggests that at least some of the negative results might be
accounted for by these explanations.

Of the six studies finding impaired performance on
implicit memory tasks, four different memory tests were
involved: word-stem completion (Butters, 1987; Salmon,
Shimamura, Butters, & Smith, 1988; Shimamura, Salmon,
Squire, & Butters, 1987), picture-fragment identification
(Heindel, Salmon, & Butters, 1990), lexical decision
assessing indirect priming (Albert & Milberg, 1989; Ober &
Shenaut, 1988), and category cuing (Salmon, Shimamura,
Butters, & Smith, 1988).

In the case of studies which utilized the word-stem
completion or the picture-fragment identification paradigms,
impaired priming in AD patients may have been the result of

the significant effortful processing required by these
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tests. The task requiréments of word-stem completion are
very similar to those required by word-fragment completion,
a task previously described aé effortful (Witherspoon &
Moscovitch, 1989). Furthermore, the picture-fragment
identification task, used by Heindel, Salmon, and Butters
(1990), was defined by these investigators as simply being a
pictorial analogue to the word completion tests. A case can
therefore be made that failure on these tests by AD patients
may at least in part be a result of the relatively high
degree of processing effort required.

The lexical decision task theoretically falls somewhere
iq the middle of the continuum between effortful and
automatic précessing tasks. As such, the processing
requirement of such a test may not in itself be an adequate
explanation for the poor priming performance sometimes seen
in AD patients. However, a review of the studies which
found impaired indirect priming performance on lexical
decision tests in AD (Albert & Milberg, 1989; Ober &
Shenaut, 1988) suggests that the degree of dementia
exhibited by the subjects may have had a strong impact on
patient performance and hence on study conclusions.

Albert and Milberg (1989), for example, administered a
lexical decision task to ten AD patients and to ten healthy
controls. As a group, AD patients evidenced impaired
facilitation relative to the controls. However, a closer

analysis of the data revealed that six of the ten AD
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patients actually evidenced a strong facilitative effect of
priming, even greater than that seen in the controls. The
remaining four patients showed a negative priming effect,
with reduced response times to unrelated primes. When the
AD patients were divided into separate groups of "primers'
and "negative-primers", it was discovered that the negative-
primers were significantly impaired on a test of general
cognitive fuﬁctioning relative to the primers. Thus it
appears that priming facilitation on this automatic implicit
memory task is strongly related to degree of cognitive
impairment. This finding mirrors the results of the current
study, as well as those of Jorm (1986) which.suggest that
(a) automatic tasks, in contrast to effortful tasks which
are impaired at every stage of AD, are less impaired or even
unimpaired in early AD but.(b) with increasing cognitive
impairment, even generally automatic tasks will be failed.

Ober and Shenaut (1988) also found a reduced
facilitative effect of priming in AD patients on the lexical
decision task. No information was published, however, on
the relationship between priming performance and level of
dementia. Interestingly, they did note that of twelve
patients initially tested, three subjects were unable to
perform the task and were dropped from the analysis. As in
the current study, it was the unsuccessful subjects who
scored lowest on a test of general cognitive functioning.

Information as to the degree of cognitive impairment
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exhibited by subjects was also unavailable in a study
completed by Salmon, Shimamura, Butters, and Smith (1988).
While they claim that their tasks, word-stem completion and
category cuing, are "automatic" in nature, they define
"automatic" as equivalent to implicit. The current
investigation as well as previous studies reviewed earlier
clearly suggest, however, that a task is not necessarily
automatic by virtue of being implicit.

Inherent in this issue is the fact that no general set
of rules currently exists which clearly delineates how to
rate a task along the automatic-effortful processing
éontinuum. While Hasher and Zacks (1979) have outlined five
variables which are relevant to the concept of effortful and
automatic processing, their categorization is primarily
descriptive. It was not their intention to develop
guidelines by which tasks can be rated as effortful,
automatic, or somewhere in between.

To date, investigators who have categorized’tasks.as
primarily effortful or primarily automatic have utilized
differgnt methods to determine the degree of cognitive
demand. Because no one definiti%e set of guidelines
presently exists, the current study had adopted criteria
developed by several investigators (e.g., Hasher & Zacks,
1979; Jorm, 1986; Schneider & Shiffrin, 1977; Witherspoon &
Moscovitch, 1989) to categorize the memory deficits as

automatic or effortful. Clearly, one useful goal of future
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research would be to develop a single system by which tasks
may be categorized according to an independent criteria on
automatic-effortful processing dimension.

DISSOCIATIONS IN.AD VERSUS AMNESIC DISORDERS

One notable finding to result from the current study is
that the memory dissociation seen in AD patients is
different from that found in amnesic patients. Unlike
amnesic patients, who evidence normal priming performance on
both effortful and automatic implicit memory tasks, AD
patients appear to exhibit impaired priming performance on
effortful tasks but spared priming performance on at least
one automatic task. One plausible explanation which may
account for this difference lies in the underlying
neuroanatomy of these disorders.

Although AD and amnesia do share common components, as
outlined earlier, they are primarily different disorders
with different etiology and sequelae. AD is primarily a
cortical dementia whereas amnesia largely effects
subcortical regions. Since it has been suggested that
procedural memory may in fact be cortically-mediated (Zola-
Morgan & Squire, 1990), it is not surprising that processes
which may rely on cortical integrity (e.g., implicit memory
tasks) can be impaired in AD but spared in amnesia. This
may be especially true in the case of tasks relying on
effortful processing. Similarly, it is also not surprising

that as AD progresses, further compromising the cells of the
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cortex, even overlearned, automatic’processing tasks wili
become impaired.

MULTIPLE MEMORY SYSTEMS

The experiments reported here lend additional support
to the concept of multiple systems of memory. As stated
previously, the existence of dissociations among distinct
tasks of memory within any single population is a strong
indication that there are multiple, dissociable memory
systems. Such a finding has been previously seen in a
number of populations including elderly healthy subjects and
patients presenting with a variety of amnesic disorders. 1In
AD, however, no clear consensus on this subject has emerged.
It should be noted that earlier investigations which found
impaired performance in AD on tasks of implicit memory are
not necessarily inconsistent with the multiple memory
systems hypothesis. Finding deficits in both implicit and
explicit memory tasks can equally likely indicate impairment
in two distinct memory systems as it can impairment in one
single system underlying both types of memory tasks. 1In
contrast, functional dissociations in performance between
nemory tasks argues for a dual memory system model. The
current study adds support to the previous investigations
which found evidence for a dissociation among memory systems
in AD.
FUTURE DIRECTIONS

The present experiments have highlighted the importance
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of assessing the degree of effortful processing required by
measures of cognitive functioning in general and memory
ability in particular. Future studies should take into
account the level of cognitive processing demanded by
experimental tasks. A wide variety of memory tasks, rated a
priori on the processing continuum, should be administered
to AD and other subject groups as a means of replicating and
advancing the current findings. The current study also
points to a need to examine variables in addition to
processing capacity which may indirectly effect the
performance of subjects on tasks of memory functioning. For
example, the roles played by such factors as stress,
attention, mood state and anxiety in memory functioning
should bg examined further.

Furthermore, the current study emphasizes the need for
experimental rigor in the design and execution of future
experiments. Flaws in the methodology of previous research
which were addressed in the present study were related to
selection of subjects, instructions, and research design.
These and other methodological issues need to be a central
focus of further work.

The results of the present set of experiments is
encouraging in that they indicate that not all aspects of
memory functions are impaired in AD. Most research has
focused primarily on deficits in memory and cognitive

functioning associated with AD. The current study, along
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with the results of other recent studies examining
procedural memory, suggests that further research should be
directed at determining the abilities that remain relatively
unimpaired or less impaired in AD and other related
disorders. When and if a pocket of intact cognitive
functioning is uncovered, these skills can then serve as a
focus for developing aids to daily living and even programs

aimed at cognitive remediation.
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10.

11.

12.

13.
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15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

SHIRT
CATTLE
STOVE
ARROW
RATLROAD
CHAIR
STREET
RANCH
SNAKE
STICK
GARDEN
CHILD
STONE
NEEDLE
FIELD
TRUNK
FLOWER
STREAM
FOREST
MOUNTAIN
TRAIL
HARBOR
PLANT

BEACH

Appendix A
targets, fragments

SHEET BLOUSE
RATTLE STEER
CLOVE OVEN
BARREL SPEAR
RAINBOW TRAIN
CHAIN STOOL
BEET ROAD
WRENCH FARM
STEAK SERPENT
STACK TWIG
GARNISH ORCHARD
CHIME BABY
PHONE ROCK
NOODLE SYRINGE
SHIELD PASTURE
TANK SUITCASE
TOWER ROSE
STRING RIVER
FROST wooDs
FOUNTAIN HILL
TATL PATH
HARNESS PORT
PLANE SHRUB
LEECH SHORE

foils and list

TABLE
MIRROR
KNIFE
STORK
HOSPITAL
DONUT
POSTER
DONUT
TRUCK
PIANO
CRAYON
PLANK
GRAPE
CANDLE
RIFLE
PHOTO
PICKLE
WINDOW
CARTON
PAINTING
BRICK
PASTRY
CHART

APPLE
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Appendix B

Analysis of variance tables for Experiments 1 and 2.

Experiment 1: Word-Fragment Completion

Between Subjects

Source Sum-of-Squares DF Mean-Square F-Ratio P
SUBJ 293.773 i 293.773 26.432 .000
LIST 8.099 1 8.099 0.729 .402
SUBJ x LIST 52.620 1 52.620 4.734 .041

ERROR 244.512 22 11.114

Within Subjects

Source * Sum—-of-Squares ~ DF Mean-Square F-Ratio P
a 52.620 1 52.620 27.602 .000
a x SUBJ 6.055 1 6.055 3.176 .089
a x LIST 64.389 1 64.389 33.775 .000
a x SUBJ x LIST .132 1 .132 .069 .795

ERROR 41.940 22 1.906



Experiment 2: Perceptual Threshold Measurement

Between Subjects

Source Sum-of-Squares
SUBJ "~ 15.454
ERROR 32.421

Within Subjects

Source Sum-of-Squares
a .014
a x SUBJ .001

ERROR .255

DF

17

DF

17

Mean-Square
15.454
1.907

Mean-Square
.014
.001
.015

F-Ratio

8.103

F-Ratio
.960

.040

147

.011

.341

.843
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