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Patients with Alzheimer’s disease (AD) have been found to be relatively dependent on familiarity in their recognition memory ju
onceptual fluency has been argued to be an important basis of familiarity. This study investigated the extent to which patients
D use conceptual fluency cues in their recognition decisions. While no evidence of recognition memory was found in the pat
D, enhanced conceptual fluency was associated with a higher rate of “Old” responses (items endorsed as having been studied)
hen fluency was not enhanced. The magnitude of this effect was similar for patients with AD and healthy control participants. Ad
RP recordings time-locked to test item presentation revealed preserved modulations thought critical to the effect of conceptual

est performance (N400 and late frontal components) in the patients with AD, consistent with the behavioral results. These findin
hat patients with mild AD are able to use conceptual fluency in their recognition judgments and the neural mechanisms suppo
rocessing is maintained.
2005 Elsevier Ltd. All rights reserved.
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. Introduction

Dual-process accounts of recognition memory posit that
amiliarity and recollectionare distinct memory processes
Gardiner, 1988; Jacoby, 1991; Mandler, 1980) [for review
eeYonelinas, 2002]. Recollection is often described as the
etailed retrieval of information regarding an item or event,

ncluding the context in which it was experienced, while fa-
iliarity is thought to represent a general sense of prior en-

ounter.
Patients with Alzheimer’s disease (AD) have significant

pisodic memory impairment due to extensive pathologi-
al involvement of the medial temporal lobes. As with am-
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nesic patients with medial temporal lobe injury (Aggleton &
Shaw, 1996; Knowlton & Squire, 1995; Schacter, Verfaellie
& Anes, 1997; Schacter, Verfaeillie, & Pradere, 199;
Yonelinas, Kroll, Dobbins, Lazzara, & Knight, 1998), sev-
eral studies have suggested that patients with AD have
significant impairment of recollection-based than familiar
based recognition (Budson, Desikan, Daffner, & Schact
2000; Christensen, Kopelman, Stanhope, Lorentz, & Ow
1998; Dalla Barba, 1997; Gallo, Sullivan, Daffner, Schacte
& Budson, 2004; Knight, 1998; Koivisto, Portin, Seinela, &
Rinne, 1998; Smith & Knight, 2002). For exampleBudson
et al. (2000)employed a manipulation originally develop
by Deese (1959)and modified byRoediger and McDermo
(1995), which involves studying a list of semantic associ
(e.g.,candy, sour, sugar, bitter, good, taste, etc.) that con
verge on an unpresented “related lure” (e.g.,sweet). At test,
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subjects are presented with previously studied words, related
lures, and novel items. Although normal controls demon-
strated a high false alarm rate to related lures, they were still
more likely to endorse studied words as “Old” than related
lures. This discrimination improved with repeated study-test
trials. In contrast, patients with AD demonstrated no discrim-
ination between these item types (i.e. true recognition = false
recognition). Because true recognition is thought to be sup-
ported by both recollection and familiarity while false recog-
nition to related lures is thought to be supported by familiarity
and opposed by recollection, these data suggest that patients
with AD were reliant solely on familiarity in their respond-
ing. Thus, as suggested by this study and others, future in-
vestigation of the neuropsychological and underlying brain
processes supporting familiarity is of particular relevance to
this population.

Previous work has suggested that an important basis for
familiarity is related to the ease with which an item is pro-
cessed, also referred to as its processingfluency(Jacoby &
Whitehouse, 1989; Kelly & Jacoby, 2000; Rajaram & Geraci,
2000; Westerman, 2001; Whittlesea, 1993; Whittlesea &
Williams, 2000, 2001a, 2001b) [but see (Higham & Vokey,
2004)]. This notion stems from the phenomenon that prior
presentation of an item leads to easier identification when
that item is re-presented in a degraded fashion (Jacoby &
Dallas, 1981). Thus, when making recognition judgments,
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this enhancement is related to prior study, and not to an alter-
native source. For example, if subjects are aware that fluency
is being experimentally manipulated, fluency no longer im-
pacts recognition judgments (Jacoby & Whitehouse, 1989;
Whittlesea et al., 1990). Thus, in the setting of enhanced
fluency, processing involved in assessing whether or not to
attribute this enhancement to prior experience is critical to the
effect of fluency on recognition judgments. Indeed, it may be
this attributional process which determines whether fluency
produces a conscious experience of familiarity (Whittlesea
& Williams, 2001a, 2001b).

Despite the apparent reliance on familiarity-based pro-
cessing in patients with AD and the relationship of fluency
to such processing, there have been no studies examining the
impact of manipulations of fluency on these patients. Indeed,
there has been only one investigation in patients with amne-
sia directly examining the impact of such manipulations. In
this study,Verfaellie and Cermak (1999)found that patients
with amnesia were more dependent than control subjects on
manipulations of fluency in their recognition performance.
Thus, fluency appears of particular salience in the recogni-
tion judgments of memory-impaired populations.

The current study was performed to investigate (1)
whether patients with mild AD use conceptual fluency as
a cue in their recognition judgments and (2) the effect of
AD on the neural correlates of this activity. In order to do
s ttle-
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nhanced processing fluency could be used by the subj
cue that an item was previously studied (Jacoby & Dallas
981; Jacoby & Whitehouse, 1989; Kelly & Jacoby, 2000;
hittlesea, 1993; Whittlesea, Jacoby, & Girard, 1990). In

upport of this view, manipulations that alter perceptual
ncy, such as varying the visual clarity of test items, influe
ow subjects respond on tests of recognition memory. M
uent (or easier to perceive) items are more likely to be
orsed as being on a prior study list than less fluent i
Jacoby & Whitehouse, 1989; Whittlesea et al., 1990).

Similarly, manipulations ofconceptual fluency(the ease o
onceptual processing) can also influence recognition m
ry judgments (Rajaram & Geraci, 2000; Whittlesea, 1993;
hittlesea & Williams, 2000, 2001a, 2001b). When tes
ords are preceded by a conceptually predictive con
ubjects are more likely to endorse these items as p
usly studied than when preceded by a non-predictive co
Whittlesea, 1993; Whittlesea & Williams, 2001a) For exam
le, subjects are more likely to say that the word “boat”
n a study list if it follows the predictive sentence stem, “
tormy seas tossed the. . .” than the non-predictive stem, “S
aved up her money and bought a. . .” The predictive contex
s a semantic prime, is thought to enhance the ease of co

ual processing, which is then mistaken as a cue of prior s
However, fluency alone does not determine recogn

udgments; enhanced fluency must also beattributedto prior
xperience (Jacoby & Whitehouse, 1989; Whittlesea et al
990; Whittlesea & Williams, 2001a). In other words, en
anced fluency does not result in an increased rate of en

ng items as previously studied unless the subject feels
-

o, we employed the manipulation developed by Whi
ea and colleagues of having test words preceded by
redictive or non-predictive sentence stems in a recogn
emory paradigm. As a reflection of the relative sparin

amiliarity-based recognition and the relationship of flue
ith familiarity-based processing, we hypothesized tha

ients with AD would be influenced by this manipulati
emonstrating a greater likelihood to endorse items follow
predictive context as previously studied relative to those

owing a non-predictive context. We predicted that this ef
ould be larger for the patients than the controls, consi
ith prior work demonstrating a greater dependence on
ncy cues in the setting of weak memory (Johnston, Hawley

Elliot, 1991; Verfaellie & Cermak, 1999; Westerman
loyd, & Miller, 2002; Westerman, Miller, & Lloyd, 2003).

In order to gain further insight into the underlying br
rocesses supporting the use of fluency cues in relati
lzheimer’s disease, we recorded event-related pote

ERPs). ERPs are scalp recordings of brain activity tha
ime-locked to experimental stimuli and responses. The
ous positive and negative fluctuations, referred to as
components”, are thought to reflect specific sensory, pe
ual, and cognitive processes (Rugg & Coles, 1995). Through
nalysis of these components processing differences
n the stimulus presented or the response given can be
ined.
In previous work, we recorded ERPs in young adult s

ects using the same conceptual fluency manipulation a
urrent study (Wolk et al., 2004). We found that enhance
uency (words following a predictive context) produced
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tenuation of the N400 component. In studies of language the
N400 has been shown to be modulated by semantic expect-
edness or the ease with which an item is semantically inte-
grated into its context (Holcomb, 1993; Kutas & Hillyard,
1980; Rugg & Doyle, 1994). Thiseaseof semantic integra-
tion may be construed as analogous to processing fluency.1

Critically, the N400 attenuation we found associated with en-
hanced fluency was not associated with the subjects’ recog-
nition response (“Old” or “New”). This result is consistent
with the notion that fluency does not itself dictate response,
but is the substrate upon which attributional processing is per-
formed. Indeed, in the setting of enhanced fluency we found
a later (1200–1600 ms), frontally maximal modulation that
was associated with whether or not an item was endorsed
as studied. We proposed that this late frontal activity repre-
sented processing involved in making attributions of fluency.
As other studies involving recognition judgments have found
late frontal modulations thought to reflect prefrontal activity
involved with the evaluation of the contents of memory, or
post-retrieval processing(Goldmann et al., 2003; Nessler et
al., 2001; Ranganath & Paller, 2000; Wilding, Doyle, & Rugg,
1995; Wilding & Rugg, 1996, 1997a, 1997b), we posited that
attributions of fluency may fall within this class of activity.

In the present investigation, we were interested in the im-
pact of AD on both of these critical ERP components (N400
and late frontal) involved in the processing of conceptual flu-
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subjects were matched on the basis of age (patients with
AD M= 71.8 years, range = 55–80; controlsM= 75.0 years,
range = 65–86;t(22) = 1.044,p= 0.31) and years of educa-
tion (patients with ADM= 16.4 years, range = 12–23; con-
trols M= 15.9, range = 12–21;t(22) < 1). Subjects were ex-
cluded on the basis of clinical depression, alcohol or drug
use, significant cerebrovascular disease, traumatic brain dam-
age, or primary language other than English. As we wanted
to study mild patients, patients were excluded if their Mini-
Mental Status Examination (MMSE;Folstein, Folstein, &
McHugh, 1975) was less than 20. On average, control sub-
jects scored higher than subjects with AD on the MMSE
(patients with ADM= 25.1, S.D. = 3.2; controlsM= 29.3,
S.D. = 0.8;t(22) = 4.542,p< 0.001). Control subjects also re-
called more items on the delayed recall portion of the CERAD
[(Morris et al., 1989); patients with ADM= 1.1, S.D. = 1.5;
controls M= 6.7, S.D. = 1.8;t(21) = 8.200,p< 0.0000001;
one control subject did not perform this test]. Lexical flu-
ency to letters (F-A-S) and categories [(animals, fruits, and
vegetables); (Salmon & Butters, 1992)] also resulted in sig-
nificantly better performance in the control group (letters:
patients with ADM= 37.6, S.D. = 13.1; controlsM= 50.4,
S.D. = 8.5; t(21) = 2.85,p< 0.01; categories: patients with
AD M= 28.4, S.D. = 11.5; controlsM= 45.5, S.D. = 9.1;
t(21) = 4.04,p= 0.001). All participants were paid $25/h. The
study was approved by the human subjects committee of
B
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he impact of fluency is maintained in patients with mild A
hese components would be expected to be relatively
erved. However, if the use of fluency cues is impaired in
his would be expected to be reflected electrophysiologi
n diminution of either or both of these modulations, prov
ng insight into the underlying nature of this impairment.

. Methods

.1. Subjects

Informed consent was obtained in 12 subjects with
iagnosis of probable AD [using the National Institute
eurological and Communicative Disorders and Str
lzheimer’s Disease and Related Disorders Association

eria (McKhann, Drachman, Folstein, Katzman, & Pri
984); eight male] and 12 healthy control subjects
ale). Patients with AD were recruited from the Mem
isorders Unit at Brigham and Women’s Hospital (Bos
A) and older adults from the surrounding community. T

1 It is noteworthy that the putative ERP correlate of familiarity in rec
ition memory studies shares a number of characteristics with the N4

anguage studies, although often with a somewhat more anterior distri
Curran & Cleary, 2003; Duzel, Yonelinas, Mangun, Heinze, & Tulvin
997; Finnigan, Humphreys, Dennis, & Geffen, 2002; Nessler, Mecklinge
Penney, 2001; Rugg et al., 1998). This relationship suggests a further l

etween the neural generators of fluency and familiarity.
righam and Women’s Hospital.

.2. Stimuli

The stimuli were adapted and expanded fromWhittlesea
nd Williams (2001a). Each of 240 one-syllable words w
atched with a pair of sentence stems, one that pred

he word (predictive context) and the other that was me
onsistent with it (non-predictive context). For example
he word “rake” the sentence stems “To remove the leave
sed a” and “He clumsily tripped over the” represent typ
redictive and non-predictive contexts respectively.

.3. Procedure

The study session was self-paced; participants were
o count aloud the number of “e”s in 120 visually presen
pper-case words. After each verbal response, the e
enter advanced to the next word. At test, 120 studied
20 non-studied words were presented in a pseudo-ra
rder in both the visual (lower-case) and auditory moda

or recognition judgment. Sixty studied and 60 non-stu
ords were preceded by a predictive context; the othe
tudied and 60 non-studied words were preceded by a
redictive context. Sentence stems were also presen

he visual and auditory modalities. Auditory presentation
ured that the patients with AD would have at least h
ach sentence stem if limited by slow reading. Four st

est lists were counterbalanced by study and context
entence stem presentation time varied based on the
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tory presentation. The following sequence followed the off-
set of the sentence stem: a pause (250 ms); the sentence fi-
nal word (1000 ms), 500 ms pause, and finally an “Old or
New?” prompt. Subjects were told that “Old” responses in-
dicated that they thought the word was on the previous study
list while “New” responses indicated that they did not. Sub-
jects were told to refrain from responding until this prompt
appeared. The subjects’ verbal response was entered by the
experimenter. A “+” sign appeared for 1000 ms marking the
start of the next trial.

2.4. Electrophysiological recording

ERPs were recorded at test from nine scalp sites refer-
enced to the left mastoid: five midline (FPz, Fz, Cz, Pz, Oz)
and four lateral (F3, F4, P3, P4). These were sites of interest
based on our prior work in healthy young subjects (Wolk et
al., 2004). Electrodes were placed below the left eye (LE),
the lateral canthi of both eyes (HE), and FP1 to monitor for
blinks and horizontal eye movements. The ERPs were ampli-
fied (0–40 Hz, SAI BioAmplifier system), and the recorded
data were digitized (100 Hz) beginning 100 ms before onset
of the test word. Trials were analyzed for 1600 ms follow-
ing stimulus presentation. Trials with amplifier blocking or
eye movements were excluded; blinks were corrected (Dale,
1994). Only ERPs formed from 16 or more artifact free trials
w
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Table 1
Mean proportion of “Old” responses and signal detection data for patients
with AD and controls

Studied Non-studied d′ C

Controls
Non-predictive 0.48 (0.03) 0.34 (0.03) 0.39 (0.04) 0.24 (0.08)
Predictive 0.56 (0.03) 0.43 (0.03) 0.34 (0.06) 0.01 (0.08)
All 0.52 (0.03) 0.38 (0.03) 0.36 (0.03) 0.13 (0.08)

Patients with AD
Non-predictive 0.41 (0.02) 0.39 (0.02) 0.06 (0.04) 0.25 (0.05)
Predictive 0.51 (0.03) 0.48 (0.03) 0.07 (0.09) 0.01 (0.07)
All 0.46 (0.02) 0.44 (0.02) 0.06 (0.04) 0.13 (0.05)

S.E.M. in parentheses.

their recognition judgments than the patients with AD, who
were unable to discriminate studied from non-studied items.
However, fluency appeared to impact both groups to a sim-
ilar extent; both studied and non-studied items following a
predictive context were more likely to be endorsed as “Old”
than items following a non-predictive context.

An item type (studied, non-studied)× context type (pre-
dictive, non-predictive)× group (controls, patients with AD)
ANOVA revealed an effect of item type [F(1,22) = 54.14,
p< 0.000001] with studied items being called “Old” more
often than non-studied items (0.49 versus 0.41) and an ef-
fect of context type [F(1,22) = 45.66,p< 0.000001] with
items following a predictive context more often called “Old”
than items following a non-predictive context (0.50 ver-
sus 0.41). There was an interaction of item type× group
[F(1,22) = 25.43,p< 0.0001], which was attributable to the
controls endorsing more studied items as “Old” than non-
studied items [F(1,11) = 105.18,p< 0.000001] whereas pa-
tients with AD did not [F(1,11) = 2.11,p= 0.17]. Thus, as
reflected by the rate of “Old” endorsements for studied and
non-studied items, patients with AD were unable to differen-
tiate these item types (0.46 studied versus 0.44 non-studied)
while controls were able to do so (0.52 studied versus 0.38
non-studied). There were no other interactions. Notably, there
was not a group× context type interaction [F(1,22) < 1], sug-
gesting a similar effect of fluency on the responding of both
g
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ere accepted for analysis (Wilding & Rugg, 1997b).

.5. ERP analyses

The mean amplitude (relative to a 100 ms pre-stim
aseline) for the two intervals of interest were calcula
25–625 and 1200–1600 ms. The former was chosen t
mine the N400 and the latter to evaluate the impact o

ate frontal effect. Our prior study of undergraduates fo
1) N400 attenuation associated with enhanced fluency (
ollowing a predictive context); and (2) late frontal modu
ion (1200–1600 ms) associated with the subjects’ resp
n the setting of enhanced fluency, but not in the unenha
ondition (items following a non-predictive context;Wolk et
l., 2004). In light of these findings, we analyzed both lat
ies with respect to these contexts. Only midline sites
nalyzed, as there were no effects of laterality with any o
ain conditions examined. Data from Cz and Oz were a
ged to generate Pz in one control subject due to elec

ailure. For analysis of the ERP data, the Greenhouse-Ge
orrection procedure was used for repeated measures f
ith greater than one numerator degree of freedom. Ma

ects of site and non-significant interactions are not repo
nless of theoretical significance.

. Results

.1. Behavioral data

For a summary of the behavioral results, seeTable 1. As
xpected, the control subjects exhibited greater accura
roups.
Signal detection measures ofd′ (discrimination) andC

bias) were calculated (seeTable 1). For d′, a context typ
predictive, non-predictive)× group (controls, patients wi
D) ANOVA revealed no effect of context type [F(1,22) < 1]
r context type× group interaction [F(1,22) < 1]. There wa
n effect of group [F(1,22) = 27.90,p< 0.0001], indicat

ng that the patients with AD had poorer discriminat
d′ = 0.06) than the controls (d′ = 0.36). The same ANOV
as performed forC and revealed a main effect of co

ext type [F(1,22) = 47.78,p< 0.000001], reflecting a grea
ias to categorize items following a predictive contex
Old” (C= 0.01) than items following a non-predictive co
ext (C= 0.24). There were no interactions.

As prior work has suggested that subjects with poor m
ry are more likely to rely on fluency cues for their recog
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tion judgments (Verfaellie & Cermak, 1999), we determined
the correlation of discrimination with thefluencyeffect, which
we defined as the percent of “Old” responses to items fol-
lowing a predictive context minus the percent following a
non-predictive context. Consistent with this hypothesis, a
significant Pearson correlation was found for the controls
(r =−0.60,p= 0.039); poorer discrimination was associated
with a larger fluency effect. This correlation was not found
for the patients with AD (p> 0.1) likely because the discrimi-
nation of patients was close to zero for all participants. There
were no significant correlations between the fluency effect
and any other neuropsychological measure tested (MMSE,
F-A-S, categories, or CERAD) in the patients with AD, with
only F-A-S approaching significance (r = 0.52,p= 0.100).

3.2. ERP analysis

ERPs from this study are presented inFigs. 1 and 2. Fig. 1
shows averaged data at parietal sites based on context type
(predictive, non-predictive), collapsed across item type (stud-
ied, non-studied), andFig. 2 shows ERPs based on context
type (predictive, non-predictive) and subject response (“Old”
or “New”). An N400 is present in both groups and appears
of lower voltage in the patients than controls (Figs. 1 and 2).
Both groups also exhibit frontal modulations from approx-
i och
a ced
fl his

Fig. 1. Grand average ERP plots for three parietal sites (P3, Pz, P4). ERPs
of items (studied and non-studied) following predictive and non-predictive
contexts. The top tracings are of the patients with AD and the bottom are of
the controls.

modulation is reduced in both groups for items following a
non-predictive context (Fig. 2).

3.2.1. N400
Mean ERP amplitude (325–625 ms) was calculated for

predictive–studied, non-predictive–studied, predictive–non-

F
c

mately 1000–1200 ms until the end of the recording ep
ssociated with response (“Old” or “New”) in the enhan
uency condition (items following a predictive context). T
ig. 2. Grand average ERP plots for five midline sites. ERPs of items followi
ontrols and patients with AD. Items following predictive and non-predictive
ng predictive or non-predictive contexts based on response (“Old” or “New”) for
contexts are on the left and right columns, respectively, for each group.
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studied, and non-predictive–non-studied items. A context
type (predictive, non-predictive)× item type (non-studied,
studied)× site (FPz, Fz, Cz, Pz, Oz)× group (controls, pa-
tients with AD) ANOVA revealed a main effect of group
[F(1,22) = 4.61,p= 0.043] attributable to the N400 being of
lower voltage in the patients with AD (3.11�v) than con-
trols (5.72�v). There was also a context type× site inter-
action [F(4,88) = 10.24,p< 0.00001]. To follow up on this
interaction, separate ANOVAs were run at each midline site
which revealed a main effect of context type [F(1,22) = 5.29,
p= 0.031] only at the Pz site (seeFig. 1) due to the N400
being more attenuated following predictive compared to
non-predictive contexts. There were no other main effects
or interactions at this site, including context type× group
[F(1,22) < 1]. It should be noted that the lack of an effect or
interaction with any factor of item type in the above ANOVA
is likely attributable to the use of a shallow encoding task [see
(Rugg, Allan, & Birch, 2000)], as reflected by poor discrim-
ination even for the control subjects. It is, thus, probable that
the studied items were contaminated by many unremembered
words, reducing the likelihood of finding an ERP difference
between studied and non-studied items.

3.2.2. Late frontal effects
To investigate the role of frontal processing on subject re-

sponse (whether an item was endorsed as “Old” or “New”)
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Fig. 3. ERP mean amplitude averaged over frontal sites (FPz, Fz) for the
1200–1600 ms interval for items following a predictive context based on
response. The error bars reflect the S.E.M. Data for the young subjects (un-
dergraduates) was taken from a prior study using the same paradigm (Wolk
et al., 2004).

following a non-predictive context did not reveal any signifi-
cant main effects or interactions. However, there was a trend
towards an effect of response [F(1,22) = 3.47,p= 0.076] re-
flecting the tendency for “Old” responses to be somewhat
more positive than “New” responses.

4. Discussion

In this study, we investigated the impact of conceptual
fluency on the recognition judgments of patients with AD,
as well as the neural correlates of this effect. The critical
finding of the present contribution is that patients with mild
AD—despite their poor episodic memory—appear to use
conceptual fluency as a cue in recognition memory judg-
ments. In addition, the ERP data provide further insight into
the underlying neural mechanisms supporting the use of flu-
ency in recognition judgments and the relative preservation
of these processes in the setting of mild AD.

4.1. Behavioral findings

Conceptual fluency is putatively considered to impact
memory by influencing the degree of familiarity invoked
by an item when presented for recognition judgment (Kelly
&
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t cog-
n of
s pro-
c alla
B et
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n the setting of enhanced fluency, we calculated m
RP amplitudes over the 1200–1600 ms latency at fro
ites (FPz, Fz) for predictive–“Old”, predictive–“New
on-predictive–“Old”, and non-predictive–“New” items (s
ig. 2). A context type (predictive, non-predictive)×
esponse (“New”, “Old”)× site (FPz, Fz)× group (controls
atients with AD) ANOVA revealed a main effect of r
ponse [F(1,22) = 8.60,p= 0.008], due to greater positi
ty associated with “Old” responses relative to “New”
ponses. There was also a response× context type interactio
F(1,22) = 5.46,p= 0.029], because the effect of response
arger for items following a predictive context than for th
ollowing a non-predictive context, similar to what was p
iously observed in young subjects (Wolk et al., 2004).

To further analyze the interaction of response× context
ype, separate response (“New”, “Old”)× site (FPz
z)× group (controls, patients with AD) ANOVAs were p

ormed for both context types. For items following a p
ictive context, this analysis revealed a main effect o
ponse [F(1,22) = 14.20,p= 0.001] as “Old” responses we
ssociated with greater frontal positivity than “New”
ponses. A response× group interaction approached sign
cance [F(1,22) = 3.81,p= 0.064] due to “Old” response
eing somewhat more positive for the controls than
atients with AD (seeFigs. 2 and 3). However, the ef

ect of response was reliable for both groups [contr
(1,11) = 9.54,p= 0.010; patients with AD:F(1,11) = 5.76
= 0.035]. There was also a site× response interactio
F(1,22) = 4.43,p= 0.047] attributable to a greater effect
esponse at FPz than Fz. The analogous ANOVA for it
Jacoby, 2000; Kinoshita, 1997; Rajaram & Geraci, 2000;
hittlesea & Williams, 2001a, 2001b). The capacity of pa

ients with AD to use conceptual fluency as a cue in a re
ition test is consistent with the findings from a variety
tudies suggesting relative sparing of familiarity-based
essing (Budson et al., 2000; Christensen et al., 1998; D
arba, 1997; Gallo et al., 2004; Knight, 1998; Koivisto
l., 1998). As recollection is disproportionately impaired
D, the degree to which an item feels familiar may then

he critical factor in recognition decisions, which appears
ase in the present study.
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It should be noted that patients with AD exhibited very
poor memory in this study (d′ = 0.06). Although conceptual
fluency clearly dictated performance at test in this context,
the present data cannot inform whether such cues are useful
or valid in making recognition decisions. The degree to which
conceptual fluency is enhanced by prior study determines its
validity as a cue [seeVerfaellie & Cermak (1999) for a similar
discussion]. In the present work, the shallow nature of the en-
coding condition likely resulted in minimal enhancement of
conceptual fluency for the studied items (reflected, perhaps,
by the lack of N400 modulation associated with study sta-
tus). Indeed, the context type manipulation appeared to have
a greater impact on conceptual fluency than whether or not an
item was on the prior study list. Thus, in this study, concep-
tual fluency was not a valid basis for determining prior study
for the patients with AD. As such, use of these cues only pro-
duced a greater bias to categorize more fluent items (items
following a predictive context) as “Old”, but did not impact
discrimination. Although the poor discrimination of the pa-
tients limits comment on whether conceptual fluency cues
drive veridical memory judgments, the present data demon-
strated a clear influence of such cues on test performance in
the setting of poor memory.

That the recognition performance of the patients with AD
was so poor is not surprising given the difficulty of the task
(as suggested by the poor discrimination of the controls).
H ents
w not
p ther
w other
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poor. This relationship of poor memory and greater utiliza-
tion of fluency cues is consistent with several studies examin-
ing perceptual fluency manipulations (Johnston et al., 1991;
Verfaellie & Cermak, 1999; Westerman et al., 2002, 2003).
For example,Verfaellie and Cermak (1999)found that control
subjects were less likely to use perceptual fluency cues in their
recognition judgments than patients with tempero-limbic am-
nesia; who, not unexpectedly, displayed poorer overall accu-
racy. However, when they then equated the memory perfor-
mance of the two groups by use of acounterfeitstudy list,
in which there can be no discrimination between studied and
non-studied items, both groups utilized perceptual fluency
cues to a similar extent. This result suggests that although
patients with impaired memory may rely on fluency cues to a
greater extent than those with normal memory, healthy sub-
jects also rely on such cues when their memory is weak. The
current study is consistent with this conclusion, and the first
to demonstrate the relationship of poor memory with greater
reliance on fluency in healthy subjects using a manipulation
of conceptual fluency.

Patients with AD endorsed items as “Old” 9% more of-
ten when following a predictive compared to non-predictive
context while thisfluency effectwas 8% for the controls;
thus, despite the prediction based on the above logic that pa-
tients with AD, due to their poorer memory, would have a
greater fluency effect than controls, the manipulation of con-
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owever, the lack of clear memory effects in the pati
ith AD does at least raise the possibility that they were
erforming the task as a recognition memory test. In o
ords, their decisions may have been based on some

actor rather than whether or not they thought the items
reviously studied. While the possibility that they misund
tood or forgot the test instructions cannot be excluded
ertainty, several factors suggest that the patients with
ere performing the task as specified. First, these pa
ad mild impairment and appeared to understand the

nstructions. To confirm, patients were always asked to
cribe in their own words the nature of the task accura
rior to proceeding with the test. Their understanding
e-assessed at a pause after the first 10 test items. S
he “Old or New?” prompt proceeding each test item sh
ave served as a cue that the task involved a memory
ion. Further, given their need to respond “Old” or “Ne
t is unclear what other task would be consistent with su
esponse. Finally, as conceptual fluency impacts recogn
emory performance in healthy young and older cont

t would seem most likely that the similar effect of fluen
ound in patients with AD is due to the impact of such a
ipulation on memory decisions rather than the perform
f an unspecified, alternative task. Thus, it appears mos
imonious to assume that their responding was a reflect
ecognition memory judgments.

The finding of an inverse correlation between discrim
ion and the fluency effect in control subjects supports
otion that healthy subjects also use fluency cues in
ecognition judgments, particularly when their memor
,

eptual fluency had a similar absolute effect on perform
t test for both groups. Indeed, this result does not confo

he above-mentioned perceptual fluency study, in which
oorer discrimination of patients with amnesia was as
ted with a greater reliance on fluency (Verfaellie & Cermak
999).

Several possibilities may explain the lack of the expe
arger fluency effect on the patients with AD than contr

ith regard to the study byVerfaellie and Cermak (1999), de-
iation from their results could be due to a number of met
logic factors, including the independent variable man

ated (perceptual versus conceptual fluency). In partic
heir use of a much shorter study list (40 items) and a you
ontrol group (mean age = 50.8 years) resulted in a mor
urate memory performance for their controls relative to o
he much higher discrimination of their control subjects
eared to eliminate any use of fluency cues in their reco

ion judgments whereas our control subjects still relied u
uch cues. Additionally, the difference in their control ac
acy relative to the patients with amnesia was much gr
han between our controls and patients with AD. Thus
elatively modest memory advantage of our controls c
ared to the patients may have limited the sensitivity o
resent study to find a group difference in the fluency ef

Alternatively, the lack of an increased reliance on flue
or the patients with AD relative to the controls may refl

reduced capacity or tendency to use these cues com
o healthy subjects for a given level of memory performa
his would suggest that the relationship between disc
ation and fluency effect is modified by AD. Although i
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unclear from the present data why this would be the case,
one speculation is that the patients with AD may be impaired
in their capacity to monitor their performance. Even at early
stages of AD, patients often underestimate the severity of
their cognitive deficits (Derouesńe et al., 1999; Ott et al.,
1996). This underestimation could then result in a reduced
tendency to use fluency cues at a given level of memory ac-
curacy relative to controls. Another possibility is that the pa-
tients with mild AD may have a relative impairment in their
capacity to assess and attribute conceptual fluency to prior
study (see ERP results below). Further work in which mem-
ory accuracy is matched for healthy subjects and those with
AD would be informative in this regard.

It is important to emphasize that despite the failure to find
a greater absolute fluency effect in the patients with AD, it
appears that such cues exerted a greater influence on their
overall performance at test than that of the controls. For ex-
ample, one way to gauge the relative impact of fluency on
performance is to compare the effect of fluency (predictive
versus non-predictive) with the effect of the actual status of
the items (studied versus non-studied) on the rate of “Old”
endorsements. Patients with AD endorsed studied items as
“Old” only 2% more often than non-studied items. By this
measure, the impact of fluency on responding was 4 1/2 times
greater (9%/2%) than whether or not an item was actually
studied. As controls were 14% more likely to endorse a stud-
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fluency on “Old” endorsements of studied relative to non-
studied items. However, using the remember/know proce-
dure as an estimate of recollection and familiarity (Gardiner,
1988), familiarity was equally influenced by the fluency ma-
nipulation regardless of study status whereas recollection
was unaffected [for a similar result in a perceptual fluency
paradigm see (Rajaram, 1993)]. It should be noted that other
conceptual fluency studies have found equivalent effects on
“Old” endorsements of studied and non-studied items even
in the setting of relatively high discrimination (Whittlesea,
1993; Whittlesea & Williams, 2001a). Unfortunately, these
studies did use process estimation methods to compare to the
findings ofRajaram and Geraci (2000).

A final point about the behavioral data; although the
present results can be accounted for under the assumptions
of a dual-process model, the data also appear consistent with
a single-process account of recognition memory, in which
fluency results in either greater apparent “memory” strength
or a greater bias to classify an item as “Old”. In fact, it could
be argued that even if a dual-process account is accepted, the
poor recollection of the healthy controls and patients with
AD creates a mnemonic state that is effectually governed by
a single process. Thus, the present data cannot adjudicate
between these models.

4.2. Electrophysiological results
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roportionally smaller impact on the controls (8%/14%). T
nding suggests that fluency may play an important ro
he mnemonic experience of patients with mild AD.

One other noteworthy aspect of the behavioral data is
he effect of conceptual fluency had an equivalent impa
he proportion of “Old” endorsements for both studied
on-studied items. Arguing from a dual-process mode
hich fluency selectively influences familiarity, one wo
redict a greater effect on non-studied than studied it
his expectation is due to the fact that the conceptua
ncy manipulation should only impact those studied item
hich there is no recollection whereas this is the case for

he non-studied items. Of course, this result is not surpr
or the patients with AD given their very poor discrimin
ion. Studied and non-studied items had essentially the
nemonic content, resulting in enhanced conceptual flu
aving a similar effect on both item types.

Although this logic may apply less so to the controls
gain must be noted that given the shallow nature of the s

ask and lengthy number of items, their discrimination
lso poor and likely largely driven by familiarity. The
iliarity of both studied and non-studied items then sho
ave been enhanced to a similar degree with the manipu
f context type, resulting in a similar impact on recogni

udgments regardless of study status. This explanation is
istent with work byRajaram and Geraci (2000)also using
manipulation of conceptual fluency. The discriminatio

he participants in that study was much higher than the
rols of the current study. They found a reduced effec
Consistent with the behavioral results, patients with
emonstrated a relative preservation of the ERP modula
N400 and late frontal) seen in the control subjects, pro
ng support beyond the behavioral data for the integrity o
eural mechanisms underlying the use of fluency cues.
espect to the experimental conditions producing these
lations, the current results are also qualitatively simila
ur prior work in undergraduate subjects (Wolk et al., 2004).

Items following a predictive context were found to be
ociated with an attenuated N400 at Pz compared to
ollowing a non-predictive context. This result argues
he semantic network of the patients with mild AD was p
erved relative to that of the controls, at least with reg
o sensitivity to semantic context produced by the sent
tem manipulation. As N400 modulation may be relate
he ease with which an item is semantically integrated
ts context (Holcomb, 1993; Misra & Holcomb, 2003; Rugg

Doyle, 1994), its attenuation suggests more fluent c
eptual processing for items following a predictive sente
ontext. That the degree of this attenuation did not diffe
ween the two groups, suggests, along with the behav
ata, that the experimental manipulation modulated flu

o a similar extent in both groups. This result is impor
ecause other studies have found mixed results on the im
f semantic priming on facilitated processing as meas
y the N400 in patients with AD (Auchterlonie, Phillips, &
hertkow, 2002; Ford et al., 2001, 1996; Hamberger
riedman, Ritter, & Rosen, 1995; Iragui, Kutas, & Salmon
996; Revonsuo, Portin, Juottonen, & Rinne, 1998; Schwartz
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Federmeier, Van Petten, Salmon, & Kutas, 2003). Although
a lack of group difference must be interpreted with caution,
the effect size of the interaction was quite small (η2 = 0.01),
explaining only a tiny fraction of the variance of the results.
This small effect size suggests that our not finding a group
difference in the N400 modulation of fluency is not related to
the relatively small numbers of subjects in the present study.

As discussed above, processing involved in attribution of
enhanced fluency to prior study versus alternative sources
is critical to whether enhanced fluency impacts recognition
judgments. Based on our work with undergraduate subjects,
we proposed that late frontally maximal activity may reflect
this attributional processing (Wolk et al., 2004). Consistent
with this result, both groups in the present study exhibited
greater frontal modulation (1200–1600 ms) associated with
response (“Old” or “New”) in the setting of enhanced fluency
(items following a predictive context) than when fluency was
not enhanced (items following a non-predictive context). This
result provides additional support for the critical role of such
frontal activity in making recognition judgments, or attribu-
tions, in the setting of enhanced fluency. Post-retrieval pro-
cesses (such as source monitoring) occur in a similar frontal
distribution and latency (Goldmann et al., 2003; Nessler et
al., 2001; Ranganath & Paller, 2000; Wilding et al., 1995;
Wilding & Rugg, 1996, 1997a, 1997b). The attributional ac-
tivity may then be considered a form of post-retrieval pro-
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would provide additional insight into how long such process-
ing is relatively preserved.

Finally, it is worth noting that although the data demon-
strate that aging and mild AD do not eliminate response-
related frontal activity in the setting of enhanced fluency, this
activity is of lower voltage and reversed polarity from our
prior work in young subjects (seeFig. 3). This result suggests
that aging alters the way fluency is handled at the neural level.
The reason for this difference is unclear and merits further
investigation.

5. Conclusions

The present work demonstrates two major findings. First,
patients with mild AD appear capable of using conceptual
fluency cues as a basis for making judgments on a recogni-
tion memory task. The potential importance of such cues is
highlighted by the finding that the manipulation of fluency
had a larger impact on responding than whether or not an
item wasactuallystudied. Second, the electrophysiological
activity underlying the use of fluency in recognition mem-
ory was relatively intact in mild AD. As other frontally based
processes are impaired in this population, it is particularly no-
table that the late frontal activity associated with attributional
p
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essing if fluency cues created from prior study, as opp
o from direct experimental manipulation as in the cur
tudy, undergo attributional processing.

Although one should be cautious in assuming the loca
f neural generators based on surface recordings, the fi
f relative sparing of frontally distributed activity in the p

ients with AD is noteworthy given other work demonstrat
mpairments of processing dependent on frontal lobe a
ty (Amieva, Phillips, Della Sala, & Henry, 2004; Baddeley
addeley, Bucks, & Wilcock, 2001; Baddeley, Bressi, Del
ala, Logie, & Spinnler, 1991; Dalla Barba, Nedjam, &
ubois, 1999), even early in the course of AD (Perry, Watson
Hodges, 2000). This dysfunction is manifested by impa
ents of response inhibition, attentional switching, divi
ttention, and working memory. Prefrontal activity is a

hought to underlie post-retrieval processing, particular
he dorsolateral prefrontal cortex (seeFletcher & Henson
001), and its dysfunction has been hypothesized to b
ponsible for the impairments of source monitoring (Dalla
arba et al., 1999) and other post-retrieval processing

ivity (Budson et al., 2002) seen in patients with AD. Th
urrent result represents a possible prefrontally mediate
ributional process that is relatively spared in mild AD. In
uch as conceptual fluency contributes to veridical mem
utside the laboratory, this spared processing may play a

cal role in the accurate memory judgments of patients
D. However, there was a trend for this activity to be blun
ompared to control subjects, perhaps reflecting early,
ysfunction in fluency related attributional processing. S
f patients with AD further progressed in the disease co
rocessing is relatively preserved.
The capacity of patients with mild AD to use fluen

ues in a recognition memory task and their depend
n familiarity-based processing suggest that conceptua
ncy cues may be critical for these patients’ everyday m
ry outside of the laboratory. Techniques to maximally

ize fluency cues may actually improve recognition accur
s suggested in patients with amnesia (Dorfman, Kihlstrom
ork, & Misiaszek, 1995; Verfaellie, Giovanello, & Keane
001). However, when fluency is not related to prior study

n the present investigation), use of such cues may act
ontribute to false recognition without aiding discriminati
uture studies will further test the hypothesis that flue

s critically important for understanding the true and fa
emories of patients with AD.
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