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Abstract
The present study explored the ability to control familiarity-based information in a memory exclusion
paradigm in healthy young, older adults, and early-stage DAT individuals. We compared the
predictive power of memory exclusion performance to standard psychometric performance in
discriminating between healthy aging and the earliest detectable form of DAT and between APOe4-
present and APOe4-absent genotype in healthy control individuals. Participants responded “yes” to
words that were previously semantically encoded, and “no” to other words. The number of targets
and distractors on the read “distractor” list was manipulated to investigate the degree to which aging
and DAT influence the ability to recollect specific details of study episodes in the face of distractor
familiarity due to repetition. Memory exclusion performance (as reflected by d′) decreased across
participant groups (young > healthy old control > very mild DAT). Logistic regression analyses
showed that d′ increased the discriminative power for healthy older adults vs. very mild DAT
individuals above and beyond standard psychometric measures. Memory exclusion d′ was also lower
for healthy control individuals with APOe4 allele, compared to those without the APOe4 allele after
partialing out baseline psychometric performance. Discussion focuses on the importance of
attentional control systems in memory retrieval and the utility of the opposition paradigm for early
discrimination between healthy and pathological aging.
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A breakdown in episodic memory performance is one of the hallmark findings for individuals
with Dementia of the Alzheimer’s Type (DAT, see Bäckman et al., 2001; Balota et al., 2000,
Hodges, 2000). Although mildly demented individuals show decreases in both veridical and
false memory performance for related items (e.g., Budson et al., 2000, 2002, 2003), individuals
in the earliest stage of DAT (hereafter very mild DAT individuals) show a decrease in their
veridical memory performance but an increase in their false memory performance (e.g., Balota
et al., 1999, 2002), compared to age-matched healthy older adult controls. This is an extension
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of a pattern observed in healthy aging (e.g., Norman & Schacter, 1997; Tun et al., 1998). At
first glance, one might argue that this pattern simply reflects the widespread memory
impairment in very mild DAT individuals. Relative to healthy older adults, these individuals
may use poorer strategies to encode items, forget items more rapidly over the retention interval,
and/or be more susceptible to interference during retrieval. This hereafter is called the memory
deficit hypothesis. However, in addition to the memory deficits observed in these individuals,
previous studies have also found that very mild DAT individuals produce relatively poor
performance in tasks with high attentional demands (see Balota & Faust, 2001; Perry &
Hodges, 1999, for reviews), such as Stroop (e.g., Bondi et al., 2002; Spieler et al., 1996) and
Simon tasks (e.g., Castel et al., 2007). In fact, Sommers and Huff (2003) have demonstrated a
direct link between age-related changes in false memory performance and age-related changes
in Stroop performance. Also, the role of attention in memory encoding and retrieval has long
been recognized as being central to memory performance (e.g., Craik & Lockhart, 1972;
Duchek, 1984; Jacoby, 1991). Thus, apart from the failure to form and retrieve declarative
memories, memory breakdowns in DAT may also be modulated by a deficit in attentional
control (e.g., Balota et al., 2000; Parasuraman & Haxby, 1993; Perry & Hodges, 1999, see
Hasher & Zacks, 1988, for a similar explanation for age-related changes in healthy older
adults). This is hereafter called the attentional control hypothesis.

Due to accumulating evidence regarding the interplay between the attentional control system
and episodic memory in healthy aging and early-stage DAT, in the present study we explored
a paradigm that maximizes the role of attention by pitting recollection for specific targets
against a high degree of familiarity for distractors across groups of healthy young, older adults
and individuals in the earliest stage of DAT. The present study had three major goals. First,
we compared the memory deficit hypothesis vs. attentional control hypothesis. Because
memory for both targets and distractors may worsen across participant groups, a simple
memory deficit hypothesis predicts that very mild DAT individuals should show similar error
rates in rejecting highly familiar but incorrect distractors, compared to the healthy older adults.
In contrast, the attentional control hypothesis predicts that relative to healthy older adults, very
mild DAT individuals who have attentional control problems may have more difficulty
discriminating the targets and distractors during retrieval and hence produce more errors in
rejecting the familiar distractors. Of course, it is unlikely that any study will provide an “either-
or” answer, because both attention and memory deficits likely contribute to any observed
changes, an issue we will return to in the General Discussion section. Second, by using a large
sample of participants, we assessed the extent to which memory exclusion performance may
be useful in discriminating healthy older adults from those in the earliest stage of DAT, as
compared to standard psychometric declarative memory measures and other general cognitive
measures. Finally, we tested whether healthy older adults who possess the apolipoprotein ε4
(APOe4) allele, which is a genetic marker for the early development of Alzheimer’s disease,
would show differential memory exclusion performance than those who do not possess that
allele.

Pitting Recollection Against Familiarity in Memory Exclusion Paradigm
According to the dual-process theory of recognition memory (Atkinson & Juola, 1974; Jacoby,
1991; Mandler 1980; Yonelinas, 1997), the ability to episodically recognize a past event is
supported by both recollection-based and familiarity-based retrieval processes. Whereas
recollection-based retrieval is proposed to be a relatively slow, attention-demanding process
based on remembering contextual information such as where and when the event occurred,
familiarity-based retrieval is proposed to be a relatively fast, automatic process based on the
general strength of a memory trace for events. In most situations, both recollection and
familiarity act in concert to drive a response, however, in the memory exclusion paradigm,
participants are instructed to exclude items from one of multiple study lists. For example,
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participants may be asked to respond “yes” to items presented on one list (i.e., target list) and
“no” to items presented on a different list (i.e., distractor list). Because the recent presentation
makes items on the distractor list become more familiar, memory exclusion errors (i.e.,
incorrectly recognizing the distractors as targets) occur when participants are unable to use the
recollection-based retrieval strategy to reject the familiar distractors. Healthy older adults are
expected to make more exclusion errors than young adults. Indeed, previous studies have
shown that healthy older adults are impaired in recollection-based retrieval yet show relatively
intact performance in familiarity-based retrieval (e.g., Hay & Jacoby, 1999; Jacoby, 1999;
Jennings & Jacoby, 1997, Prull et al., 2006, but see also Light et al., 2000, for the evidence of
age-related deficit in familiarity).

The current study extends the exclusion paradigm used by Jacoby (1999). In the Jacoby study,
participants read aloud a visually presented distractor list in which some of the distractors were
presented up to five times and then heard an auditorily presented target list in which all targets
were presented only once. Repeating the distractors on the study list presumably increased both
recollection- and familiarity-based retrieval in the subsequent memory test. In the study phase,
participants were told to remember all items for an unspecified memory test. However, in the
memory exclusion test, they were instructed to respond “yes” only for the items heard earlier
(i.e., items from the target list). Three groups of participants, young adults under speed stress,
young adults under no speed stress and older adults under no speed stress, were tested. Young
adults under speed stress were instructed to make their recognition decision within a very short
response deadline, and hence could use minimal recollection to guide retrieval. They made a
higher proportion of exclusion errors than did young adults who were not under speed stress.
Older adults who were not under speed stress produced a very similar pattern as the young
adults under speed stress; that is, an increase in exclusion errors due to distractor repetition.
Jacoby coined this as the ironic effect of distractor repetition.

Attentional Control Hypothesis and Memory Exclusion
The ironic effect of distractor repetition can be considered within an attentional control
framework (e.g., Balota & Faust, 2001), which postulates that an intact control system is able
to discriminate the source of information from one list from that on another list. This memory
discrimination process is analogous to the memory monitoring process that was proposed in
source memory literature (e.g., Johnson et al., 1993). Relative to young adults, older adults are
less likely to exert control over the activated items on the distractor list, especially when these
items have been presented multiple times. Because older adults may have greater difficulty
selecting the most relevant and appropriate pathway (targets) in the face of conflict from a
partially activated competitor (repeated distractors), they may be more likely to produce
exclusion errors. The dissociative effect of distractor presentation frequency for young and
older adults suggests an age-related deficit in the use of recollection-based retrieval to oppose
enhanced distractor familiarity. When young adults were told to speed up their recognition
decisions, they showed an increase in memory exclusion errors as a function of distractor
presentation frequency, similar to older adults when not under speed stress (e.g., Jacoby,
1999). Thus, the dissociative effect of distractor presentation frequency on young and older
adults’ memory exclusion performance cannot be solely explained by older adults’ memory
deficit. Rather, a breakdown in attentional control during retrieval also appears to contribute
to the ironic effect of distractor repetition.

Present Study
As noted earlier there are clear breakdowns in attentional control systems in healthy aging and
early-stage DAT and these breakdowns have been shown to contribute to the memory changes
observed in these two groups. In the present experiment we used a modified version of Jacoby’s
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(1999) memory exclusion paradigm to increase the tension between recollection and familiarity
in memory retrieval. We are interested in replicating the ironic effect of distractor repetition
for healthy young and older adults and comparing the latter group’s memory exclusion abilities
with those of very mild DAT individuals. To our knowledge, no studies have used this paradigm
to examine the memory exclusion abilities of very mild DAT individuals. Prior studies using
the Deese/Roediger-McDermott (DRM) false memory paradigm (Roediger & McDermott,
1995) and involving mild DAT individuals showed that they had lower levels of both veridical
and false memories than healthy older adults (e.g., Budson et al., 2000, 2002, 2003). This
pattern could suggest that individuals with DAT have difficulty encoding the study items and
DAT has a detrimental effect on both recollection- and familiarity-based retrieval, thereby
consistent with the memory deficit hypothesis. Hence, this hypothesis predicts that very mild
DAT individuals should show lower hit rates and fewer exclusion errors than healthy older
adults because (a) the distractors are likely to produce weaker memory traces in the DAT
individuals and (b) hence they are influenced by distractor familiarity to a lesser extent than
healthy older adults. Nevertheless, it is also possible that the earliest stages of DAT may be
more on a continuum with healthy aging and so one might predict a larger influence of distractor
familiarity.

Individuals in their earliest stage of DAT (i.e., very mild DAT individuals) have however been
shown to have a decrease in their veridical memory performance but an increase in their false
memory performance (e.g., Balota et al., 1999; Watson et al., 2001). This suggests that their
decrements in the use of recollection-based retrieval strategy are more severe than their declines
in the use of familiarity-based retrieval strategy. It should be noted that these very mild DAT
individuals still showed a higher level of false memory than healthy older adults even when
levels of veridical memory were taken into account, indicating that a memory deficit per se
could not solely account for the decline of memory recall performance for very mild DAT
individuals, consistent with attentional control hypothesis. The discrepancy in the levels of
false memory in Balota et al. and in Budson et al. (2000, 2002, 2003) can be attributed to
possible differences in DAT severity in their samples (i.e., very mild DAT in Balota et al. vs.
mild DAT in Budson et al.). Indeed, the mean MMSE scores of Balota et al.’s very mild DAT
samples, which were from the same pool as those in the present study (i.e., about 27–28), were
higher than the mean scores reported in Budson et al. (2002; 2003) (i.e., 22–23).1 Because the
current study, as in Balota et al., involved very mild DAT individuals, the attentional control
hypothesis might expect these individuals to show more memory exclusion errors than healthy
older adults.

As shown in Figure 1, the present experiment consisted of two sessions. In both sessions,
participants were presented two lists and given different incidental encoding instructions.
When they were presented a distractor list prior to a target list in one session they would receive
the target list prior to a distractor list in the other session. For the distractor list, participants
were asked to read words aloud and for the target list they were asked to semantically encode
the items (by rating the words for self-relevance or for pleasantness). We decided to constrain
deep encoding strategies because with an unspecified intentional encoding strategy (as used in
Jacoby, 1999), it is possible that the differences across participant groups may be due to
adoption of different encoding strategies (e.g., Kirchhoff et al., 2007;Thomas & Sommers,
2005). Hence, it is not clear whether the age difference in memory exclusion can be attributed
to differential use of encoding strategies or older adults’ deficit in recollection-based retrieval.

1Based on the implicit memory literature (e.g., Gabrieli et al., 1999), DAT individuals showed smaller repetition priming effect than
healthy older adults in production implicit memory tests (e.g., word-stem completion) but not in identification implicit memory tests
(e.g., perceptual identification). Accordingly, one might argue that it could be differences in the task demands (recall-production vs.
recognition-identification) that produced the discrepancy between Balota et al. (1999) and Budson et al. (2000, 2002, 2003). However,
as demonstrated in the present study, we still found a difference in memory exclusion performance between healthy older adults and very
mild DAT individuals in an episodic recognition task. Hence, the differential DAT severity was more likely the cause for the discrepancy.
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We expected that our use of an incidental learning instruction would decrease differences
across participants in the use of encoding strategies and thus increase the likelihood that the
effects may be due to group differences in memory retrieval. Finally, in the memory exclusion
task given at the end of each session, participants responded “yes” only to the items previously
rated and were told to make their decisions as quickly and as accurately as possible. The speeded
nature of this task made it more difficult for the participants, especially those who have
problems in attentional control system, to use the recollection-based retrieval to pit against the
rise of distractor familiarity, thus providing a more sensitive measure of memory exclusion
abilities in the three participant groups.

Unlike Jacoby (1999), as shown in Figure 1, we manipulated the presentation frequency of
both distractors and targets (zero, once or thrice) on the distractor list. Each target was
presented once on the target list and participants were asked to respond “yes” to these items in
the memory exclusion task. However on the distractor list, one-fourth of the targets were
presented once and one-fourth were presented thrice. (The remaining half of the targets were
never presented on the distractor list.) This procedure allowed us to compute d′, in addition to
the hit and false alarm rates to quantify memory accuracy for each level of target and distractor
presentation frequency (zero, once or thrice) in the present experiment.2 We were interested
in whether familiarity for the targets could also be boosted when presented on the distractor
list, a list that participants were supposed to exclude in the memory exclusion task. We expected
hit rates to steadily increase as a function of target presentation frequency for all participant
groups. Importantly, regarding the ironic effect of distractor repetition, we expected to replicate
Jacoby’s findings that healthy older adults would produce greater increases in memory
exclusion errors over young adults as a function of distractor presentation frequency. As
mentioned above, we also expected the very mild DAT individuals to show even higher
memory exclusion errors than healthy older adults due to more severe breakdowns in their
attentional control systems.

Several standard psychometric measures have proven to be useful in discriminating healthy
aging and early-stage DAT (e.g., Brown & Storandt, 2000, see Table 1) in our sample,
especially those that tap declarative memory (e.g., logical memory) and working memory (e.g.,
computational span). It should be noted that these single-point estimates may a priori be
regarded to be more powerful discriminators than the measures in difference scores, such as d
′, due to their higher reliability (e.g., Lord, 1963; but see Rogosa & Willett, 1983). Hence, it
is particularly important to test whether memory exclusion abilities, as estimated by d′, add
discriminative power above and beyond these standard psychometric measures. We conducted
logistic regression analyses to determine whether participants’ memory exclusion abilities
could be used to discriminate very mild DAT individuals from healthy older adults even
after the scores from the psychometric measures were entered into the regression equation.

Finally, we examined the relationship between APOe4 genotype status and memory exclusion
performance in our healthy older adults. Recently, several studies have attempted to identify
early cognitive markers for DAT occurring in the absence of deficits in more global measures
of cognition, by comparing nondemented individuals who are at risk for DAT with
nondemented individuals who are not at risk for DAT. The presence of the ε4 allele of APOe4
genotype is a well-established risk factor for DAT (e.g., Blacker, 1997; Corder et al., 1993).
Individuals homozygous for the ε4 allele are 15 times more likely to develop the DAT and
heterozygotes have 3 times increased risk over noncarriers of being diagnosed with this disease
(e.g., Farrer et al., 1997). Because APOe4 is a quite reliable biomarker for the development of
DAT, we examined whether memory exclusion performance would be worse for those who

2We also conducted the same set of analyses on the mean arithmetic difference between hit rates and false alarm rates in each condition
for each group and obtained the statistically identical findings as those reported here for d’s.
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are at greater risk for developing DAT (i.e., ε4 carriers) than for those who are less likely to
develop DAT (i.e., ε4 noncarriers). With respect to the present study, there has recently been
increasing evidence suggesting that ε4 carriers, compared to ε4 noncarriers, produce some
deficits in spatial attention and executive control systems (e.g., Parasuraman et al., 2000;
2002 and Rosen et al., 2002, 2005). However, it should also be noted that other studies have
failed to find APOe4 difference in standard psychometric tests (e.g., Caselli et al., 2004; Wilson
et al., 2002). In a meta-analysis, Small et al. (2004) reported that non-demented individuals
with ε4 allele show deficits in executive function, but the authors also stressed that this finding
requires further verification with more empirical evidence. Because of the relation between
attentional control and memory exclusion performance described above (also see Daniels et
al., 2006), we were particularly interested in whether ε4 carriers and ε4 noncarriers would show
differential memory exclusion performance. This finding could provide more evidence that
some subtle aspects of attentional control system may be deficient in healthy older adults
possessing the ε4 allele and hence may serve as an early cognitive marker for DAT even in the
absence of deficits in more global measures of cognition.

Method
Participants

Thirty young adults were recruited from Washington University Psychology Department
participant pool and received course credit as compensation for participation. A total of 105
healthy older adults and 48 very mild DAT individuals with a Clinical Dementia Rating (CDR)
of 0.5 were recruited from Washington University Alzheimer’s Disease Research Center
(ADRC) and compensated $40 for their participation in this and other tasks in a large
psychometric battery. The study was approved by the Institutional Review Board at
Washington University in St. Louis School of Medicine and all participants provided their
informed consents at the beginning of the experiment. As shown in Table 1, the healthy older
adults and very mild DAT individuals were matched on age and years of education.

All ADRC participants were screened for depression, untreated hypertension, reversible
dementias, and other disorders which could potentially produce cognitive impairment. The
inclusion and exclusion criteria for DAT are consistent with the criteria of National Institute
of Neurological and Communications Disorders and Stroke—Alzheimer’s disease and Related
Disorders Association (McKhann et al., 1984). The severity of dementia was assessed
according to the Washington University CDR scale (Morris, 1993; Morris et al., 1988), with
CDR 0, 0.5, 1, 2, and 3 representing no dementia, very mild dementia, mild dementia, moderate
dementia, and severe dementia, respectively. The CDR is based on a 90-minute clinical
interview that directly assesses the participant and also relies on information from a close
collateral source concerning the participant. This interview assesses potential changes in
participants’ cognitive abilities in the areas of memory, orientation, judgment and problem
solving, community affairs, home and hobbies, and personal care relative to previous behavior.
Details regarding the assessment and recruitment procedures have been previously described
(Berg et al., 1998; Morris et al., 2001). Both the reliability of the CDR (Burke et al., 1988) and
the validity of the diagnosis based upon autopsy by this research team have been excellent
(93% diagnostic accuracy) and well documented (e.g., Berg et al., 1998).

It is important to note that we are particularly interested in the mildest form of DAT in the
present study, and so we only report data from the individuals with a CDR of 0.5. Indeed, recent
studies (see Storandt et al., 2002, 2006) found that these individuals performed as well as, if
not slightly better than, individuals diagnosed with mild cognitive impairment (e.g., Petersen
et al., 2001) based on standardized psychometric test performance.
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In addition to participating in the memory exclusion experiment, all ADRC participants
completed a two-hour battery of psychometric tests as part of a longitudinal study of cognitive
performance in healthy aging and Alzheimer’s disease. Because young adults were not
recruited through the ADRC, they did not receive the psychometric battery. These
psychometric testing sessions always occurred within a one-year window of the testing session
for the memory exclusion task. On average, the psychometric testing session was conducted
81 (SD = 150) and 61 (SD = 99) days ahead of the memory exclusion task for healthy older
adults and very mild DAT individuals, respectively. In order to take into account the
participants’ varied lag between the time they did the psychometric tests and the time they did
the memory exclusion experiment, in all of our regression analyses, we entered the mean signed
interval between psychometric testing session and memory exclusion testing session (hereafter
called session lag) in the first step of each regression model.

Memory was assessed with Logical Memory, Forward and Backward Digit Span, and
Associate Memory subtests from Wechsler Memory Scale (WMS; Wechsler, 1987) and the
Selective Reminding Free Recall Test (Grober et al., 1988), general intelligence with
Information and Similarities subtests of Wechsler Adult Intelligence Scale (WAIS; Wechsler,
1955; 1997), visual perceptual-motor abilities with Crossing Off (Botwinick & Storandt,
1973) and Trail Making A and B (Armitage, 1945), and semantic/lexical retrieval with Word
Fluency Test S-P (Thurstone & Thurstone, 1949) and the Animal Naming Test (Goodglass &
Kaplan, 1983). These psychometric tests are scored such that higher scores indicate better
performance except the Trail Making A and B tasks, where higher scores indicate poorer
performance. In addition to these standard psychometric measures, we also included three span
measures (reading, computational and rotation) for assessing working memory capacity (Engle
et al., 1999). The findings of the psychometric tests and span measures are summarized in
Table 1. As expected, very mild DAT individuals performed more poorly than healthy older
adults on most tests.

Apparatus and Materials
The experiment was programmed using E-prime (Schneider, Eschman & Zuccolotto, 2002)
and run on a Dell desktop computer with a standard 15-inch monitor. All stimuli and
instructions were presented in black print in 18 point Courier font on a white background.

Two sets of 48 words were selected from the E-Lexicon Project database (Balota et al.,
2007) for the two testing sessions. They were matched on word length, number of syllables,
log HAL word frequency, orthographic neighborhood size, mean lexical decision reaction time,
and mean naming reaction time. Their lexical characteristics are presented in Table 2.

Design and Procedure
Participants took part in the study as part of a four-hour battery of tasks examining memory
and attention performance across the lifespan. The battery was divided into 2 two-hour
segments that were given to participants during a two-week interval. Participants completed
one session of the current experiment in the first segment of the battery and the other session
in the second segment. Each session took about 15 minutes to complete. The structures of the
two sessions are displayed in Figure 1. As noted, participants were given two sets of words:
One 26-item (24 experimental + 2 primacy buffers) word set was rated for pleasantness or self
relevance and the other 50-item (48 experimental + 2 primacy buffers) word set was read aloud
(see below and Appendix A for the details about the list composition.) In the first session the
reading task was presented first and followed immediately by the rating task; in the second
session this order was reversed. A different matched set of words was used in the second
session. Because this counterbalancing variable did not produce any reliable interaction with
the targeted variables, the data reported below are collapsed across the two sessions. Words
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from both tasks were then presented as test items in the memory exclusion task, in which
participants were instructed to respond “yes” only to the words they previously rated and “no”
to all other words. Thus, the rated list was the target list whereas the read list was the
distractor list. Whereas each target was presented once and no distractor was presented on the
26-item target list, we varied the presentation frequency of targets and distractors on the 50-
item distractor list. One-fourth of the distractors were presented once, one-fourth, thrice, and
one-fourth of targets were also presented once, one-fourth, thrice. Appendix A presents all
stimuli and their conditions.

In the reading task, each item was individually presented and stayed on the computer screen
until participants read the word aloud. Participants were asked to respond as quickly and as
accurately as possible. After a blank screen for 1000 ms, the next trial was presented. This task
was composed of 50 trials (see Appendix A): two primacy buffer words, six words read once
and also rated, six words read thrice and also rated, six words read once and not seen in the
rating task, and six words read thrice and also not seen in the rating task.

During the rating task, each item was individually presented until participants gave the item a
self relevance rating (first session) or pleasantness rating (second session) by pressing a key
on the number pad. Both rating scales ranged from 1 to 7, with 1 being personally irrelevant
or very unpleasant and 7 being highly relevant or very pleasant to the participants. Responses
were self paced with a 1000-ms blank screen after the rating. This task was composed of 24
trials (see Appendix A) plus two primacy buffer words. While none of the items were repeated
in the rating task, six of the 24 items were also read once, six were also read thrice, and 12
were not presented in the reading task. After the reading and rating tasks, participants completed
an 18-trial self-paced two-digit addition and subtraction arithmetic task to minimize recency
effects. The final phase of both experiments was the memory exclusion task. Participants were
instructed to respond “yes” only to words seen in the rating task and “no” to all other words.
Verbal and written instructions stressed that only the words in the rating task should be given
a “yes” response even if other words seemed familiar. The exact wordings of the instruction
were quoted as follow. (The contents in italic were presented in the first session and those
within the parentheses were presented in the second session.)

“We would now like to test your memory for ONLY those words that you previously gave
Relevance (Pleasantness) Ratings for. Please do not be misled by the words which you only
named in the first (second) part of the experiment. Press the “L” key for an item that you DID
NOT previously give a relevance (pleasantness) rating and the “A” key for items that you DID
give a relevance (pleasantness) rating.”

The participants were instructed to respond as quickly and as accurately as possible. A 1000-
ms blank screen intervened after the keypress and before the next item was presented. This
task consisted of 50 trials (see Appendix A). The experimenters made sure that the participants
understood the instruction of this memory exclusion task before they began the task.

Results
First, we present mixed-factor ANOVAs on the hit rates, false alarm rates, d’s (memory
accuracy) and Cs (response criterion) as a function of participant group (young, healthy old
and very mild DAT) to examine whether memory exclusion performance differs as a function
of healthy aging and very mild DAT and whether these effects are modulated by the target/
distractor presentation frequency. Second, we present regression analyses for determining
whether memory exclusion d’s add to the discrimination between healthy aging and early-stage
DAT after various cognitive abilities (as reflected by span and psychometric measures) are
taken into account. Third, the hit rates, false alarm rates, d’s and Cs are also analyzed as a
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function of ε4 status for our healthy older adults in order to investigate whether the presence
of the ε4 allele predicts memory exclusion performance. We also present regression analyses
for determining whether memory exclusion d’s add to the discriminative power of ε4 status
for healthy older adults after various cognitive abilities are taken into account.

As noted above, we wanted to test the utility of the memory exclusion measures in
discriminating the healthy older adults and very mild DAT individuals above and beyond (a)
the session lag between psychometric testing and memory exclusion experiment, as well as,
(b) the other cognitive measures. In all of the following regression analyses for healthy older
adults vs. very mild DAT individuals and for APOe4+ vs. APOe4− individuals, the session lag
was entered uniquely as a predictor in the first step of regression models before entering the
cognitive measure in the second step and the memory exclusion measure in the third step.

Participant Group Difference in Memory Exclusion Performance
The mean hit rate, false alarm rate, d′ and C as a function of target/distractor presentation
frequency on the distractor list and participant group are depicted in Figure 2. The main effects
are discussed only when the interaction was not significant. Unless otherwise specified, all
effects are significant at p < .05. The effect sizes in ηp

2 are reported for all effects.

Hit Rates—The main effects of Frequency and Group were both significant [F (2, 360) =
8.99, MSE = .01, ηp

2 = .05, and F (2, 180) = 27.15, MSE = .05, ηp
2 = .23, respectively]. The

significant Frequency × Group interaction [F (4, 360) = 9.36, MSE = .01, ηp
2 = .09] indicates

that as the targets were presented more frequently on the distractor list, both healthy older
adults and very mild DAT individuals showed an increase in hit rates (all Fs > 13.07, ηp

2s > .
15). In contrast, interestingly, young adults showed a reliable decrease in hit rates [F (2, 58) =
4.60, MSE = .01, ηp

2 = .14] (see Figure 2). For healthy older adults and very mild DAT
individuals, the hit-rate increments from 0X to 1X to 3X conditions were all significant (all
Fs > 4.68, ηp

2s > .09) except the 1X vs. 3X hit-rate difference for healthy older adults [F (1,
104) = .33, MSE = .01, ηp

2 = .00]. For young adults, although the hit-rate decrement from 0X
to 1X condition was not significant [F (1, 29) = .43, MSE = .003, ηp

2 = .01], the decrements
from 0X to 3X and from 1X to 3X were both reliable (both Fs > 4.27, ηp

2s > .13).

False Alarm Rates—The main effects of Frequency and Group were both significant [F (2,
360) = 116.25, MSE = .11, ηp

2 = .39, and F (2, 180) = 13.27, MSE = .11, ηp
2 = .13, respectively].

The significant Frequency × Group interaction [F (4, 360) = 2.74, MSE = .03, ηp
2 = .03]

indicates that as the distractors were presented more frequently, the false-alarm increment for
healthy older adults (0X-1X: 19% and 1X-3X: 14%) was statistically equivalent to that for
very mild DAT individuals (0X-1X: 21% and 1X-3X: 14%, all Fs < 1, ηp

2s < .01, see Figure
2). However, in comparison to these two groups, young adults produced a smaller change
between the 0X and 1X conditions (11%, both Fs > 3.89, ps < .051, ηp

2s > .02). In addition,
although the 1X-3X increment for young adults was numerically smaller (8%), compared to
the other two groups, this difference did not reach significance (both Fs < 2.67, ηp

2s < .02).

d′—The main effects of Frequency and Group were both significant [F (2, 360) = 72.60,
MSE = .46, ηp

2 = .29, and F (2, 180) = 43.59, MSE = 1.86, ηp
2 = .33, respectively], but the

Frequency × Group interaction was not [F (4, 360) = .97, MSE = .46, ηp
2 = .01]. As illustrated

in Figure 2, memory accuracy decreased as a function of target/distractor presentation
frequency (all Fs > 32.29, ηp

2s > .12) and participant groups (all Fs > 13.95, ηp
2s > .10). It

should be noted that there was a larger difference in overall d′ [1.03, F (1, 151) = 52.57,
MSE = .67, ηp

2 = .26] between healthy older adults and very mild DAT individuals, relative
to the overall difference between young and older adults [0.54, F (1, 133) = 13.95, MSE = .49,
ηp

2 = .10].
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Criterion—The main effect of Frequency was significant [F (2, 360) = 114.26, MSE = .16,
ηp

2 = .39] but the main effect of Group was not [F (2, 180) = .62, MSE = .72, ηp
2 = .01]. The

Frequency × Group interaction was significant [F (4, 360) = 6.34, MSE = .16, ηp
2 = .07]. As

depicted in Figure 2, all three groups became more liberal in their response criteria when the
targets/distractors were presented more frequently (all Fs > 7.60, ηp

2s > .21). However, follow-
up analyses showed that for both healthy older adults and very mild DAT individuals, response
criterion differences were all significant among the three levels of presentation frequency (i.e.,
0X-1X, 1X-3X, and 0X-3X, all Fs > 24.08, ηp

2s > .19). In contrast, young adults’ response
criteria were only significant for 0X-1X [F (1, 29) = 11.55, MSE = .10, ηp

2 = .29] and 0X-3X
differences [F (1, 29) = 9.84, MSE = .25, ηp

2 = .16], but not for 1X-3X difference [F (1, 29)
= .30, MSE = .11, ηp

2 = .01].

CDR Status Discrimination by Memory Exclusion Performance
To examine the discriminative power of participants’ memory exclusion performance on
healthy aging vs. the earliest detectable signs of dementia (i.e., CDR 0—healthy older adults
vs. CDR 0.5—very mild DAT), we performed a series of stepwise logistic regression analyses,
in which the session lag was entered in the first step. Each of the 15 individual working memory
span or psychometric measures and the composite d′ measure was entered in the second and
third steps of the regression equation, respectively (see Table 3). This composite d′ measure
was the d′ averaged across the 1X and 3X target/distractor presentation frequency conditions.
These analyses allowed us to test the discriminative power of memory exclusion d′ on CDR
status after the discriminative power of each working memory span or psychometric measure
was taken into account. Following the procedures in prior studies (e.g., Duchek et al.,
2006;Rubin et al., 1998), the working memory span and psychometric measures entered in
these analyses were all first standardized using the mean performance of healthy older adults
(CDR 0 group). As shown in Table 3, the composite d′ measure was still significant and
increased the correct classification rates for CDR status by 6.7% on average even after each
of the general cognitive abilities had been taken into account. Apart from considering each of
the 15 individual psychometric and working memory span measures, we quantified (a) a
general cognitive measure by averaging the z-scores of all of these 15 measures, (b) a general
memory measure by averaging the z-scores of the logical memory, associate memory and
WAIS Information, and (c) a general attention measure by averaging the z-scores of the forward
digit span and word fluency. As shown in Table 3, the composite d′ measure was still significant
and increased the correct classification rates for CDR status by 6.2% on average after these
composite scores had been taken into account.3

APOe4 Difference in Memory Exclusion Performance
The ε4 status was available for 96 of our 105 healthy older participants. The individuals who
possess at least 1 ε4 allele are categorized as APOe4+, ε4 carriers (N = 69) and those who do
not are categorized as APOe4−, ε4 noncarriers (N = 27). Table 4 displays the demographic
characteristics and working memory span and psychometric measure performance as a function
of ε4 status for healthy older adults. As shown these individuals are well matched on age and
years of education. As in the initial analyses, we first submitted the mean hit rate, false alarm

3Similar analyses were also performed for composite false alarm rates (i.e., false alarms averaged across 1X and 3X conditions). Unlike
the d′ predictor which was significant after partialing out each of the individual or composite predictors (see Table 3), the false-alarm
predictor was no longer significant after partialing out the general cognitive measure, general memory measure, WMS associate memory
and selective reminding free recall. After taking each of psychometric measures into account, the mean change in classification rate
(1.2%) was lower than that for d′ (6.7%). The mean Nagelkerke’s R2 change (.05) was also lower than that for d′ (.19). Similarly, after
taking each of composite measures into account, the mean change in classification rate (2.7%) was lower than that for d′ (6.2%). The
mean Nagelkerke’s R2 change (.03) was also lower than that for d′ (.13). This shows that the difference-score measures, such as d′, are
not necessarily less powerful than single point measures, such as false alarm rates, in discriminating the healthy older adults from the
very mild DAT individuals.
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rate, d′ and C to a 2 (APOe4: ε4+ or ε4−) × 2 (Frequency: 0X, 1X or 3X) mixed-factor ANOVA.
Only the effects associated with APOe4 are discussed.

Hit Rates—Neither the main effect nor the interaction associated with APOe4 was significant
(both Fs < 1, ηp

2s < .01, see Figure 3).

False Alarm Rates—The main effects of APOe4 and Frequency were significant [F (1, 94)
= 7.14, MSE = .09, ηp

2 = .07 and F (2, 188) = 93.23, MSE = .03, ηp
2 = .50, respectively]. The

APOe4 × Frequency interaction was also significant [F (2, 188) = 4.17, MSE = .03, ηp
2 = .04].

The APOe4 effect was significant only when the distractor presentation frequency was 1X
[14%, F (1, 94) = 9.26, MSE = .04, ηp

2 = .09] and 3X [15%, F (1, 94) = 4.75, MSE = .09, ηp
2

= .05], but not when it was 0X [2%, F (1, 94) = 1.27, MSE = .01, ηp
2 = .01], thereby suggesting

an enhanced level of distraction as a consequence of repetition for the APOe4 group.

d′—The main effects of APOe4 and Frequency were significant [F (1, 94) = 5.94, MSE = 1.45,
ηp

2 = .06 and F (2, 188) = 56.25, MSE = .45, ηp
2 = .37, respectively]. The APOe4 × Frequency

interaction was also significant [F (2, 188) = 3.55, MSE = .45, ηp
2 = .04]. The APOe4 effect

was significant only when the target/distractor presentation frequency was 1X [.56, F (1, 94)
= 7.71, MSE = .79, ηp

2 = .08] and 3X [.55, F (1, 94) = 4.73, MSE = 1.25, ηp
2 = .05], but not

when it was 0X [.06, F (1, 94) = .20, MSE = .36, ηp
2 = .00], again suggesting a drop in memory

exclusion accuracy as a consequence of presentation frequency for the APOe4 group.

Criterion—The main effects of APOe4 and Frequency were both significant [F (1, 94) = 4.62,
MSE = .52, ηp

2 = .05, and F (2, 188) = 96.71, MSE = .16, ηp
2 = .51, respectively], but the

APOe4 × Frequency interaction was not [F (2, 188) = 2.00, MSE = .16, ηp
2 = .02]. As shown

in Figure 3, ε4 carriers (-.32) generally used a more liberal response criterion than ε4 noncarriers
(-.12) in their recognition decision.

APOe4 Discrimination by Memory Exclusion Performance
As shown in Table 4, ε4 carriers showed poorer performance in selective reminding free recall
and computational span and better performance in Trail Making B than ε4 noncarriers. It should
be noted that the marginalAPOe4 effect on the computational span replicated the findings of
Rosen et al. (2002) although the effect they reported was also marginally significant. It is
important to note that two of the three tests that discriminate between the ε4 carriers and ε4
noncarriers tap more executive control measures (i.e., Computational Span and Trail Making
B) than declarative memory measures (i.e., Selective Reminding Free Recall). To verify
whether the APOe4 effect in memory exclusion performance still occurs after taking into
account the difference in working memory span and psychometric measures between ε4+ and
ε4− healthy older adults, we performed a series of stepwise logistic regression analyses, with
ε4 status as the criterion measure. This procedure was identical to the CDR 0 vs. 0.5 analyses
discussed above, but now the criterion variable was the ε4 status. As shown in Table 5, even
after the session lag and each of the cognitive abilities have been taken into account the
composite d′ measure was still significant and on average increased the correct classification
rates for ε4 status by 4.0%. As was done for the CDR 0 vs. 0.5 logistic regression analyses, we
also quantified the general cognitive, general memory and general attention measures by using
the same method. As indicated in Table 5, the composite d′ measure was still significant and
increased the correct classification rates for ε4 status by 5.0% on average after the session lag
and these composite scores had been taken into account.4
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Discussion
In the present study, we used a memory exclusion paradigm to assess the memory abilities of
healthy young adults, healthy older adults and very mild DAT individuals. We were also
interested in whether performance in this task could discriminate the healthy older adults who
possess the ε4 alleles from those who do not. Unlike previous studies, we manipulated both
target and distractor presentation frequencies on the distractor list and counterbalanced the
presentation order of the target list and distractor list in the study phase. (The list order did not
produce any reliable interaction with the targeted variables, and hence the interference effects
observed across groups in the present study occur equally in a proactive and retroactive
manner.) We shall now turn to a brief summary of the results, while noting a few unexpected
but intriguing patterns. After this summary, we will discuss the theoretical implications of these
results. Finally, we will discuss the implication of the current findings for the effect of APOe4
in memory exclusion abilities of nondemented, healthy older adults.

Summary of the Results
Hit Rates—Both healthy older adults and very mild DAT individuals showed higher hit rates
when the targets were presented in both the target list and the distractor list than when they
were only presented in the target list. Interestingly, as shown in Figure 2, young adults actually
showed lower hit rates when the targets were presented more frequently on the distractor list
than when they were not or were presented only once. The drop in hit rates occurred even when
the overall hit rate of young adults was near ceiling level (about 90%). In contrast, the boost
in hit rates for healthy older adults and very mild DAT individuals suggests that they benefited
from the familiarity produced by repetition on the distractor list. Of course, it is unlikely that
young adults’ decline in hit rates over the target presentation frequency on the distractor list
indicates that they had poorer memory than the other two groups. In contrast, given the memory
exclusion instruction that participants were told to give “yes” responses only to words presented
in the target list, young adults appeared to be monitoring the source of each test item and
suppressing the highly activated items that had possibly been from the wrong source (i.e., the
thrice presented items on the distractor list). In other words, it is possible that the increased
salience of the targets that were repeated thrice on the distractor list may have led the young
adults to perform an additional check of the source to insure that their high level of familiarity
was not due to the item presentation on the distractor list. This might lead them to exclude
these targets more often on the memory exclusion task and have lower hit rates than when the
targets were presented only once or not presented at all in the distractor list. In contrast, healthy
older adults and very mild DAT individuals may be less likely to monitor the source of these
targets, such that they appear to just go with the increase in the distractor familiarity in
responding “yes” to these items. Hence, the multiple presentations of the targets, despite being
on the distractor list, boosted their familiarity and in turn, the hit rates of healthy older adults
and very mild DAT individuals.

False Alarm Rates—The false alarm data also suggested differential reliance on item
familiarity in the memory exclusion task among the three participant groups. Although all three
groups showed an increase in false alarm rates as a function of distractor presentation

4Similar analyses were also performed for composite false alarm rates (i.e., false alarms averaged across 1X and 3X conditions). Similar
to d′ predictors, all of the false-alarm predictors were also significant after partialing out each of the individual or composite predictors
(see Table 5). However, after taking each of individual psychometric measures into account, the mean change in classification rate (3.1%)
was slightly lower than that for d′ (4.0%). The mean Nagelkerke’s R2 change (.12) was about the same as that for d′ (.11). After taking
each of composite measures into account, the mean change in classification rate (2.1%) was lower than that for d′ (5.0%). The mean
Nagelkerke’s R2 change (.10) was virtually identical to that for d′ (.10). Again, this pattern shows that the difference-score measures,
such as d′, may not be necessarily less powerful than single point measures, such as false alarm rates, in discriminating the APOe4+ vs.
APOe4− individuals. The higher sensitivity in d′ may be due to the fact that participants did not only need to exclude the distractors but
also need to correctly accept the targets because it had also been repeatedly presented in the distractor list.
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frequency, the increase was greatest for very mild DAT individuals, followed by healthy older
adults and in turn, young adults (see Figure 2). This generally replicated the ironic effect of
distractor repetition reported by Jacoby (1999) with young and older adults. Although very
mild DAT individuals showed overall higher false alarm rates (32%) than healthy older adults
(20%), the increase in false alarms as a function of distractor repetition (0X vs. 3X) was
identical in both groups (35% and 34%, respectively). In other words, very mild DAT
individuals did not show a disproportional increase in false alarm when the distractors were
more frequent. In terms of dual-process theory of recognition memory (e.g., Mandler, 1980),
our findings were consistent with previous studies (e.g., Balota et al., 2002;Jacoby, 1999). Of
course, if one collapses across distractor frequency, the overall increase in false alarm rates
across three groups suggests that very mild DAT individuals have a greater deficit in
recollection-based retrieval than healthy older adults, who in turn have greater deficit in
recollection-based retrieval than young adults.

Because of hit-rate differences between the healthy older adults and very mild DAT individuals,
it is possible that the present results could be accommodated simply by changes in memory
strength for the items across groups. Hence, we performed a stepwise linear regression analysis
in which we predicted false alarm rate after hit rate was partialed out. This analysis showed
that participant group (healthy old vs. very mild DAT) strongly predicted overall false alarm
rate after we partialed out the variance due to overall hit rates [Change in F (1, 150) = 21.88,
R2 change = .13]. Similar results were also found when only the hit and false alarm rates of
the 1X and 3X conditions were considered [Change in F (1, 150) = 19.20, R2 change = .11].
Thus, very mild DAT individuals showed an overall higher false alarm rate than healthy older
adults even when their hit rates had been controlled.

Turning to the APOe4 effect for healthy older adults, we found that relative to ε4 noncarriers,
ε4 carriers were more likely to falsely recognize the distractors as targets. Similar to the DAT-
related difference in false alarms, the APOe4 effect on false alarms was virtually identical
whether the distractors were presented once or thrice. Because no APOe4 difference was found
in hit rates, we did not perform the stepwise linear regression analysis for predicting false alarm
rates after partialing out the variance due to hit rates.

Memory Exclusion Performance—We quantified the memory exclusion performance by
computing d′, which took into account both hit and false alarm rates. As expected, we found
that the overall memory exclusion performance dropped as targets and distractors were
presented more frequently on the distractor list. Averaged across the presentation frequency,
we found that young adults showed the best memory exclusion performance, followed by
healthy older adults, and finally very mild DAT individuals. This group difference was not
modulated by presentation frequency of targets and distractors on the distractor list. The fact
that healthy older adults and very mild DAT individuals differed by more than 1 SD (d′
difference of 2.71 vs. 1.68) in exclusion performance supports the idea that very mild DAT
individuals are likely to have a more severe breakdown in their attentional control system than
healthy older adults. More importantly, after taking standard psychometric measures and
working memory spans into account, the composite d′ (i.e., averaged across 1X and 3X) still
significantly predicted the CDR status for healthy older adults (0) and very mild DAT
individuals (0.5). Hence, the CDR-group difference in memory exclusion abilities could not
be solely attributed to differences in general cognitive and declarative memory abilities in these
two groups (see Table 3) and the memory exclusion performance could be utilized in
discriminating very mild DAT individuals from healthy older adults.

Regarding the APOe4 effect, we also found that relative to ε4 noncarriers, ε4 carriers showed
worse memory exclusion performance. However, unlike the age- and DAT-related difference,
this APOe4 effect occurred only when the targets and distractors were presented at least once
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on the distractor list. The magnitude of the APOe4 effect remained the same even when the
targets and distractors were presented more frequently on the distractor list. After taking
standard psychometric measures and working memory spans into consideration, composite d
′ (i.e., averaged across 1X and 3X) still significantly predicted ε4 status for healthy older adults.
Indeed, as shown in Table 5, the correct classification rate of composite d′ was higher than
all of the other psychometric or span measures. Thus, even within the healthy older adults, ε4
carriers showed worse memory exclusion performance than ε4 noncarriers, after taking into
account their differences in general cognitive or episodic memory abilities.

It should be noted that some of the psychometric measures we included in our battery also tap
attentional control abilities (e.g., Trailmaking B). After partialling out these measures, memory
exclusion abilities still discriminated the healthy older adults vs. very mild DAT individuals
and the APOe4+ vs. APOe4− healthy older adults. We would argue that Trailmaking B does
not stress the attentional control system as much as the exclusion paradigm because there is a
direct conflict between a controlled recollection process and a more automatic familiarity-
based process in our memory exclusion task. Hence, our measure is likely to be more sensitive
than the traditional psychometric measure in tapping the attentional control system.

Finally, it is also worth noting a limitation in our study. As mentioned in the Method section,
there were varied time lags between the session of psychometric testing and the session of the
memory exclusion task for healthy older adults and very mild DAT individuals. Although we
took this into account by partialling out the mean signed interval between psychometric testing
session and memory exclusion in our regression analyses, it is possible that the changes in
performance over time may not be linear. Of course, to completely avoid the ambiguity for the
interpretation of the data, future research should conduct both psychometric testing and
memory exclusion task within the same testing session.

Implications for Memory Deficit Hypothesis and Attentional Control Hypothesis
As noted by Hodges (2000), the onset of Alzheimer’s disease is characterized by an initial loss
of episodic memory, followed by other cognitive functions, such as attentional control and
working memory. This memory deficit hypothesis has been supported by studies using DRM
false memory paradigm. Using an episodic recognition test, Budson et al. (2002, 2003) found
that mild DAT individuals showed a greater reduction in both hit and false alarm rates than
age-matched healthy older adults. Balota et al. (1999) and Waldie and Kwong See (2003)
replicated this pattern, although in these two studies the recognition memory performance was
confounded with the level of prior free recall. These results support the memory deficit
hypothesis: because mildly demented individuals failed to encode list memory in the DRM
false memory paradigm, the presentation of highly associated items (e.g., blanket, pillow,
bed) did not boost the familiarity of related lures (e.g., sleep). As a result, mild DAT individuals
were less susceptible to falsely recognize the related lures than healthy older adults.

Although the memory deficit hypothesis may be able to explain some aspects of the DAT
related change in the DRM paradigm, there are also some aspects that are a bit more difficult
to accommodate. For example, after matching the level of veridical recall between healthy
older adults and very mild DAT individuals, Balota et al. (1999) found that the level of false
recall was higher for very mild DAT individuals than for healthy older adults, contrary to the
opposite pattern reported in recognition memory studies. (It should be noted that the very mild
DAT individuals in Balota et al. have mean MMSE scores on the order of 27, whereas the mild
DAT individuals in Budson et al., 2002, 2003, have mean MMSE scores of approximately 22–
23.) Assuming that participants’ memory abilities can be equated when the levels of veridical
recall are matched between two groups, memory deficit per se would appear to be insufficient
in accounting for the false-recall difference between healthy older adults and very mild DAT
individuals. Instead, these results suggest a role for an attentional control deficit in the DAT
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individuals (Balota & Faust, 2001; Perry & Hodges, 1999). Relative to healthy older adults,
very mild DAT individuals are less likely to control the extraneous activation of highly familiar
related lures, such that they are more likely to output them directly, and in turn produce more
false-recall responses.

In the current study, we further tested the attentional control hypothesis by using item
repetition, rather than semantic associations among study items, to increase distractor
familiarity. Rather than having participants study a list of words that are all associated with the
distractors (i.e., nonstudied related lures), we increased tension between recollection and
familiarity by directly repeating the targets and distractors on the distractor list, a list that the
participants are instructed to exclude in the memory exclusion paradigm. Several observations
in our experiment support the role of changes in attentional control mechanisms across our
groups. First, the increase in hit rates for healthy older adults and very mild DAT individuals
as targets were repeated on the distractor list indicates that these two groups were not deficient
in sensitivity to repetition on the study list. This rules out the possibility that these individuals
did not encode and store the information well during the study phase. Second, participant group
(healthy old vs. very mild DAT) significantly predicted false alarm rates after partialing out
the variance in hit rates. Similar to the interpretation of Balota et al. (1999), memory deficit
per se could not explain this group difference in memory exclusion errors. Rather, it is more
likely that healthy older adults and especially very mild DAT individuals failed to adequately
tune their attentional control system to the relevant information during retrieval. In fact, if the
DAT-related decline in memory exclusion was due entirely to memory deficit, one could expect
both hit and false alarm rates to be lower for very mild DAT individuals than for healthy older
adults, thereby rendering the d′ not to be a useful discriminator for DAT discrimination. Third,
after we partialled out the variance due to various declarative memory psychometric measures,
we found that memory exclusion performance still discriminated the very mild DAT
individuals from healthy older adults. Given that (a) healthy older adults and very mild DAT
individuals have problems in attention tasks, (b) it has been found that memory is dependent
on an intact attentional control system and (c) there is evidence in our experiment that these
individuals did encode the study items successfully, we believe that the pure memory account
of cognitive deficits in DAT needs to be revisited. Although it is not easy to tease apart the
contribution of declarative memory and attention, we clearly have demonstrated that there is
also a role for changes in attentional control systems that are particularly salient in Jacoby’s
memory exclusion paradigm.

Because we also found a d′ difference between healthy older adults and very mild DAT
individuals in the 0X condition (see Figure 2), one could argue that item recognition memory
itself may be sufficient to discriminate the two participant groups. However, given the context
of memory exclusion task (e.g., task instruction), the d′ in our 0X condition does not necessarily
reflect one’s accuracy of item recognition memory. This point is supported by two additional
findings. First, the 0X d′ significantly discriminated the two participant groups [χ2 (3) = 53.48;
odd ratio = .23; Nagelkerke’s R2 = .44] even after the session lag as well as the variance of
WMS logical memory psychometric measure, which is typically regarded as a measure of item
memory, were partialled out. The correct classification rate in this analysis increased from
74.6% to 82.4%. Second, we also assessed participants’ item recognition memory performance
in one of the experiments of our large cognitive battery. In that experiment, participants studied
a list of 24 words and did an immediate item recognition memory test in which they were asked
to discriminate the studied words from the nonstudied ones. We obtained the typical findings:
healthy older adults showed the same level of hit rates [.77 vs. .74, F (1, 135) = .38, MSE = .
04, ηp

2 = .00], lower false alarm rates [.12 vs. .21, F (1, 135) = 7.00, MSE = .03, ηp
2 = .05] and

lower d′ [2.47 vs. 1.97, F (1, 135) = 4.22, MSE = 1.67, ηp
2 = .03] than very mild DAT

individuals.5 More importantly, after partialing out the variance of session lag as well as item
recognition d′, we found that the 0X d′ yielded in our memory exclusion experiment could still
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significantly discriminate the two participant groups [χ2 (3) = 47.34; odd ratio = .20;
Nagelkerke’s R2 = .42]. The correct classification rate in this analysis increased from 69.6%
to 83.0%. Similar pattern was found for composite d′ that averaged across 1X and 3X conditions
[χ2 (3) = 34.45; odd ratio = .36; Nagelkerke’s R2 = .32], with the correct classification rate
being increased from 69.6% to 77.0%. Hence, we argue that even the 0X d′ in our memory
exclusion task involves cognitive control abilities in addition to pure memory abilities. This
provides converging evidence for our argument that memory deficit hypothesis per se may not
account for the present findings.

It is worth noting the implication of our findings on the differential deficits of item vs. source
memory in DAT. Instead of a breakdown in the attentional control system, one could also
attribute the reduced memory exclusion abilities of our very mild DAT individuals to their
preserved item memory but impaired source memory. We believe that the dichotomy of intact
item vs. impaired source memory is entirely compatible with our claim. Indeed, attentional
mechanisms are important for laying down source information at encoding and in turn, using
it at retrieval (see Schacter et al., 1994; Troyer et al., 1999). Although the exclusion paradigm
is ideally suited to tapping these operations during retrieval, we believe that encoding
differences could also play a role. That is, relative to the healthy older adults, the deficit in
memory exclusion may occur at both encoding—very mild DAT individuals may fail to encode
the source memory when they study the list items in the first place and/or at retrieval—very
mild DAT individuals may fail to use their source memory to discriminate the items from
different lists. In this light one might ask “where” memory ends and “attentional control” begins
in a given task. However, we believe that for most declarative memory tasks, such a dichotomy
is overstated. Indeed, McCabe et al. (2008) have recently demonstrated that virtually all of the
age-related change in standard episodic memory tasks can be accounted for age-related changes
in executive operations tapped by standard working memory measures. All of these findings
strongly suggest that in addition to the memory deficit of DAT, one also needs to consider how
a breakdown of their attentional control system contributes to their episodic memory
performance.

Further Evidence for the Effect of DAT in Memory Exclusion Performance from Previous
Studies

The detrimental effect of DAT on memory exclusion performance was consistent with the
findings reported in previous studies using the process dissociation procedure. Here, we focus
on data in the past “exclusion” conditions that are analogous to the 1X condition in the present
study. Using a stem completion task, Koivisto et al. (1998, see also Knight, 1998) showed that
relative to healthy older adults, mild DAT individuals were more likely to generate studied
words to the test stems even though they were instructed to exclude them and produce different
responses. Smith and Knight (2002, Experiment 2) showed that relative to healthy older adults,
mild DAT individuals were less likely to resist from generating the identical exemplars for the
same category in a category exemplar generation task. Kessels et al. (2005) generalized the
DAT-related increase in memory exclusion errors to a spatial memory task. Using a series of
precautions to avoid the methodological limitations that occurred in the previous studies (e.g.,
ceiling/floor effect and comprehension of instruction), Adam et al. (2005) showed that in a
continuous stem completion task with repeating stem cues, DAT individuals were more likely
to produce the same response to repeated stem cues than healthy older adults even though they
were explicitly instructed to produce a different response to the repeated cues. All of these
results converged on the conclusion that DAT individuals failed to exclude memory by

5The young adults and healthy older adults showed equivalent hit rates [.78 vs. .77, F (1, 124) = .05, MSE = .04, ηp2 = .00], false alarm
rates [.124 vs. .118, F (1, 124) = .04, MSE = .02, ηp2 = .00] and d′ [2.50 vs. 2.47, F (1, 124) = .02, MSE = 1.72, ηp2 = .00]. The absence
of age-related difference in the item recognition memory test was not without precedence (e.g., Craik & McDowd, 1987).
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controlling the irrelevant yet highly familiar information, thereby providing support for the
role of attentional control during retrieval. Since the mean MMSE scores provided in most of
these studies were lower than 23, it is likely that the DAT participants were at the mild level.
By contrast, because our very mild DAT individuals yielded mean MMSE scores of 27 (see
Table 1), the current study shows that even individuals in the very early stages of DAT already
demonstrate a subtle deficit in memory exclusion performance, highlighting the fact that
attentional control could deteriorate in concordance with memory functioning.

Implication for the effect of APOe4 on executive function and attentional control
The presence of the ε4 allele of the APOe4 genotype has been reliably reported to be a risk
factor for the development of DAT (e.g., Blacker, 1997). Previous studies have reported the
detrimental effect of APOe4 in memory and cognitive functioning of non-demented
individuals, such as visual selective attention (e.g., Parasuraman et al., 2000), episodic memory
(e.g., Bondi et al., 1995, 1999; Levy et. al., 2004; Lind et al., 2006; Wilson et al., 2002) and
prospective memory (e.g., Driscoll et al., 2005, but see Duchek et al., 2006). However, it should
be noted that the absence of an APOe4 effect on cognitive tasks has also been reported (e.g.,
Cohen et al., 2001; Collie et al., 2001; Jorm et al., 2007; Smith et al., 1998). In 2004, Small et
al.’s meta-analysis indicated that relatively little evidence has been reported investigating the
effect of ε4 status on executive control functions, but what has been reported has produced a
relatively large effect. Since then, several APOe4 studies have provided further evidence for
the modulation of APOe4 alleles on cognitive performance pertinent to attentional control. For
example, Rosen et al. (2005, see also Nilsson et al., 2006) showed that in a category fluency
task ε4 carriers generated fewer exemplars and category clusters, and took longer time to access
the clusters than ε4 noncarriers. They attributed this to ε4 carriers’ reduced attentional capacity
interfering with their covertly shifting attention among subcategories in the category fluency
task. Packard et al. (2007) and Albert et al. (2007) found that ε4 carriers showed stronger Stroop
interference in response latency than ε4 noncarriers. To perform the Stroop task, participants
need to suppress the irrelevant information (e.g., color name) and access the relevant one (e.g.,
ink color) (see also Mutter et al., 2005; Spieler et al., 1996). We would argue that surpassing
the familiarity in a memory exclusion task may tap similar mechanisms, as supported by
Sommers and Huff’s (2003) showing a direct relationship between Stroop interference effects
and the ability to control familiarity in memory performance. Using a modified Stroop task
with components of response inhibition and cognitive switching, Wetter et al. (2005) found
that ε4 carriers made more intrusion errors than ε4 noncarriers.

Based on our nondemented healthy older adult sample (see Table 4), we also found that ε4
carriers performed worse than ε4 noncarriers in the selective reminding free recall task and
computational span task, replicating the findings of some previous studies (e.g., Helkala et al.,
1995 and Klages & Fisk, 2002 for selective reminding and Rosen et al., 2002 for computational
span) but not of the others (e.g., Rosen et al., 2002 for selective reminding). It is not clear why
this discrepancy occurred given that the version we used in our study (i.e., Grober et al.,
1988) was methodologically similar to the one used in Rosen et al. (i.e., Buschke’s, 1973,
version).

As mentioned in the Introduction, memory exclusion performance can be regarded as an
indicator of attentional control. To decide whether a test item appeared on the target list, one
needs to focus attention on recollecting the relevant information on the target list and inhibiting
the irrelevant information on the distractor list. We found that relative to ε4 noncarriers, ε4
carriers were less likely to reject highly familiar distractors and make more exclusion errors.
(Whether the distractors were presented only once or thrice on the distractor list, however, did
not modulate the APOe4 effect on false alarm.) Since attentional control is an executive
function (e.g., see Daniels et al., 2007), our current findings provide additional evidence for
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the negative effect of APOe4 allele on the executive functioning of nondemented healthy older
adults.

Finally, according to Small et al.’s (2004) meta-analysis, the magnitude of cognitive deficits
associated with ε4+ is inversely related to age. For example, Smith et al. (1998) reported that
ε4 carriers under 80 years of age showed poorer delayed recall performance than ε4 noncarriers,
but the pattern was opposite for those ε4 carriers and noncarriers over 80 years of age. Duchek
et al. (2006) showed a positive correlation between age and prospective memory performance
for ε4 carriers but a negative correlation between age and prospective memory performance
for the ε4 noncarriers. This is consistent with the claim that the presence of the ε4 allele as a
risk factor of Alzheimer’s disease actually declines with increasing age and is related to the
earlier onset of DAT (Blacker, 1997; Farrer et al., 1997; but see Riley et al., 2000, for an
opposite view). Using 80 as an age cutoff to divide each of ε4-carrier and ε4-noncarrier healthy
older adults into two groups, we did find that the APOe4 effect on the false alarm rates was
significant and numerically greater for healthy older adults younger than 80 [.29 vs. .15, F (1,
66) = 8.49, MSE = .03, ηp

2 = .10] than for those at or older than 80 [.22 vs. .20, F (1, 26) = .
10, MSE = .03, ηp

2 = .02]. Although the age-related modulation of the APOe4 effect is
intriguing, these data must be interpreted with caution given the small sample of adults over
80 who are ε4+ (N = 7) and await further replication with larger samples of participants.

Summary and Conclusion
The present study examined the ability to control familiarity-based information in a memory
exclusion paradigm in healthy young, older adults, and individuals with early-stage DAT, and
compared the potential predictive power of performance in this task to standard psychometric
performance in discriminating between healthy aging and the earliest detectable form of DAT,
and between APOe4 genotype in healthy older adults. We found that memory exclusion
performance (as reflected by d′) decreased across participant groups (young > healthy old
control > very mild DAT) and as indicated by regression analyses, d′ significantly increased
the discriminative power for healthy older adults vs. very mild DAT individuals above and
beyond standard psychometric measures for general cognitive abilities. For healthy older
adults, memory exclusion d′ was also lower for ε4 carriers than for ε4 noncarriers even after
partialing out baseline psychometric performance. Therefore, it appears that engaging
attentional control systems by pitting recollection-based information against familiarity-based
information in the exclusion paradigm may be a particularly useful procedure for the early
detection of DAT, and individuals who are likely to convert to DAT.
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Experimental Stimulus List

First Session

Item Distractor List Target List Item Distractor List Target List

bowl 0X 1X carpet 0X 0X

cotton 0X 1X clay 0X 0X

drum 0X 1X cloud 0X 0X

hive 0X 1X eagle 0X 0X

kidney 0X 1X knee 0X 0X

lamb 0X 1X lemon 0X 0X

pond 0X 1X sail 0X 0X

razor 0X 1X shotgun 0X 0X

stairs 0X 1X slug 0X 0X

tiger 0X 1X swamp 0X 0X

tunnel 0X 1X token 0X 0X

wheat 0X 1X turtle 0X 0X

hook 1X 1X bucket 1X 0X

onion 1X 1X duck 1X 0X

pillow 1X 1X feather 1X 0X

taxi 1X 1X oven 1X 0X

throne 1X 1X snake 1X 0X

towel 1X 1X throat 1X 0X

glove 3X 1X ankle 3X 0X

leaf 3X 1X bench 3X 0X

roof 3X 1X castle 3X 0X

shelf 3X 1X hose 3X 0X

toilet 3X 1X moss 3X 0X

walnut 3X 1X subway 3X 0X

Second Session

Item Distractor List Target List Item Distractor List Target List

beef 0X 1X alley 0X 0X

bicycle 0X 1X belt 0X 0X

bull 0X 1X cherry 0X 0X

exam 0X 1X creek 0X 0X

gravel 0X 1X lime 0X 0X

lace 0X 1X olive 0X 0X

needle 0X 1X piano 0X 0X

salad 0X 1X pony 0X 0X

shirt 0X 1X seal 0X 0X

stove 0X 1X sheep 0X 0X

tribe 0X 1X trumpet 0X 0X
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Second Session

Item Distractor List Target List Item Distractor List Target List

wallet 0X 1X wagon 0X 0X

bubble 1X 1X arrow 1X 0X

cave 1X 1X chicken 1X 0X

cliff 1X 1X frog 1X 0X

coal 1X 1X ozone 1X 0X

elbow 1X 1X puppet 1X 0X

kitten 1X 1X yarn 1X 0X

anchor 3X 1X bread 3X 0X

bacon 3X 1X cone 3X 0X

cake 3X 1X jewelry 3X 0X

closet 3X 1X lion 3X 0X

nail 3X 1X pencil 3X 0X

worker 3X 1X rifle 3X 0X
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Figure 1.
Illustration of procedures used in the first session and second session of the experiment
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Figure 2.
Mean proportion of “yes” responses to the targets (hit rate) and to the distractors (false alarm
rate), mean d′ (memory accuracy) and mean C (response criterion) as a function of target/
distractor presentation frequency on the distractor list and participant group (young, old and
very mild DAT). Error bars represent standard error of the mean.
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Figure 3.
Mean proportion of “yes” responses to the targets (hit rate) and to the distractors (false alarm
rate), mean d′ (memory accuracy) and mean C (response criterion) as a function of target/
distractor presentation frequency on the distractor list and healthy older adult group (APOe4
+ and APOe4-). Error bars represent standard error of the mean.
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