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bstract

The presence or absence of conceptual information in pictorial stimuli may explain the mixed findings of previous studies of false recognition in
atients with mild Alzheimer’s disease (AD). To test this hypothesis, 48 patients with AD were compared to 48 healthy older adults on a recognition
ask first described by Koutstaal et al. [Koutstaal, W., Reddy, C., Jackson, E. M., Prince, S., Cendan, D. L., & Schacter D. L. (2003). False recognition
f abstract versus common objects in older and younger adults: Testing the semantic categorization account. Journal of Experimental Psychology:
earning, Memory, and Cognition, 29, 499–510]. Participants studied and were tested on their memory for categorized ambiguous pictures of
ommon objects. The presence of conceptual information at study and/or test was manipulated by providing or withholding disambiguating semantic
abels. Analyses focused on testing two competing theories. The semantic encoding hypothesis, which posits that the inter-item perceptual details
re not encoded by AD patients when conceptual information is present in the stimuli, was not supported by the findings. In contrast, the conceptual
uency hypothesis was supported. Enhanced conceptual fluency at test dramatically shifted AD patients to a more liberal response bias, raising
heir false recognition. These results suggest that patients with AD rely on the fluency of test items in making recognition memory decisions. We
peculate that AD patients’ over reliance upon fluency may be attributable to (1) dysfunction of the hippocampus, disrupting recollection, and/or
2) dysfunction of prefrontal cortex, disrupting post-retrieval processes.
ublished by Elsevier Ltd.
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False recognition occurs when individuals mistakenly claim
hat they have previously encountered a novel item or event.
n the laboratory, false recognition can be induced by a vari-

ty of experimental procedures (for reviews, see Gallo, 2006;
oriat, Goldsmith, & Pansky, 2000; Schacter & Slotnick, 2004;
onelinas, 2002). Clinical memory distortions that may be mim-
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cked by false recognition range from infrequent innocuous
rrors, such as remembering washing the dinner dishes when
hey actually sit dirty in the kitchen sink, to frequent and debili-
ating faulty memories. Elucidating the experimental conditions
hat affect the tendency to falsely recognize unstudied items may
ventually lead to better understanding of the real-world mem-
ry distortions experienced by healthy and memory-disordered

ndividuals.

Numerous studies of false recognition have revealed that
ealthy aging is often associated with increased false recog-
ition (for reviews, see Jacoby & Rhodes, 2006; Koutstaal &
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dx.doi.org/10.1016/j.neuropsychologia.2007.04.021


2 cholo

S
V
f
d
c
1
G
o
f
a

c
f
w
B
&
B
B
2
f
i
p
m
m
t
o
1
r
p
e
A
(
s
D
i
o
d
s
a
a
f
a
r
c
p

i
c
o
d
t
t
c
i
g
f
t

o
b
“
c
t

s
p
o
g
d
l
A
a
t
B
e
s
t

p
t
e
h
a
t
w
f
v
w
o
a
i
c
c
i
i
t
t
“
a
e
l
l
labels present at study, but not at test).

Koutstaal et al. (2003) designed this paradigm to test their
semantic categorization account of the healthy aging-related
increase in false recognition of pictorial stimuli found in pre-
792 C.A. Gold et al. / Neuropsy

chacter, 2001; Schacter, Norman, & Koutstaal, 1998; Schacter,
erfaellie, Anes, & Racine, 1998). False recognition rates

or older adults compared to younger adults have been most
ramatically elevated when categorically related pictures of
ommon objects served as the stimuli (Koutstaal & Schacter,
997; Koutstaal, Schacter, & Brenner, 2001; Koutstaal, Schacter,
alluccio, & Stofer, 1999). For example, using categorized col-
red pictures of common objects, Koutstaal and Schacter (1997)
ound false recognition rates as high as 0.70 for healthy older
dults, but only as high as 0.35 for younger adults.

In addition to studying the changes in false recognition asso-
iated with healthy aging, a large number of recent studies of
alse recognition have compared the performances of patients
ith mild AD to healthy older adults (e.g., Balota et al., 1999;
artlett, Halpern, & Dowling, 1995; Budson, Daffner, Desikan,
Schacter, 2000; Budson, Dodson, Daffner, & Schacter, 2005;

udson, Droller, et al., 2005; Pierce, Sullivan, Schacter, &
udson, 2005; Sommers & Huff, 2003; Waldie & Kwong See,
003). Particular emphasis has been placed on evaluating the
alse recognition of pictorial stimuli by AD patients. By study-
ng the conditions that affect false recognition for experimental
icture stimuli, researchers may be able to gain insight into
isidentification, a troubling memory distortion exhibited by
any AD patients (Cooper, Shanks, & Venneri, 2006). Misiden-

ifications of people or situations may be attributable to false or
therwise faulty memories of visual stimuli (Borson & Raskind,
997). Unfortunately, to this point the results of studies of false
ecognition for visual stimuli in AD have not been easily inter-
retable. Budson, Desikan, Daffner, and Schacter (2001) found
quivalent false recognition performance between patients with
D and healthy older adults for categorized abstract images

multi-part, abstract, object-like images that do not possess any
emantic or conceptual referent). In contrast, Budson, Sitarski,
affner, and Schacter (2002) reported a significant increase

n the rate of false recognition for AD patients compared to
lder controls when the test probes were black-and-white line
rawings of familiar objects and simple scenes combined with
emantically related auditory cues, as opposed to auditory cues
lone. Using categorized color photographs of common objects
s the stimuli, Budson et al. (2003) also found an elevated rate of
alse recognition for patients with AD compared to healthy older
dults. We believe that understanding why AD patients falsely
ecognize some, but not all, pictorial stimuli at an elevated rate
ompared to healthy older controls requires a closer look at the
ictures themselves.

A picture may convey perceptual information, conceptual
nformation, or both. Perceptual information includes the size,
olors, shapes, perspective, relative orientations, shading, and
ther physical details that make a particular picture visually
istinct from other pictures. For example, the low-level percep-
ual information conveyed by a photograph of a dog includes
he shape of the dog’s body, the pattern of spots on the dog’s
oat, and the direction of the dog’s gaze. The specific perceptual

nformation present in the photograph would make this photo-
raph discernible from other photographs of the same dog and
rom pictures of other dogs. The primary conceptual informa-
ion conveyed by the photograph mentioned above is the concept
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f “dog”. Other conceptual information that might be encoded
y a person studying the photograph includes the concepts of
pet” and “animal.” Differences in the amount of perceptual and
onceptual information in experimental stimuli may be critical
o understanding false recognition in AD.

When previous studies of false recognition in AD are clas-
ified in terms of the conceptual and perceptual information
resent in the pictorial stimuli, a pattern emerges. The findings
f Budson, Sitarski, et al. (2002) and Budson et al. (2003) sug-
est that when tested with stimuli that are both perceptually
etailed and conceptually meaningful, such as black-and-white
ine drawings or photographs of common objects, patients with
D demonstrated increased false recognition compared to older

dults. In contrast, when the stimuli were perceptually dis-
inct, but conceptually empty, like the abstract drawings used in
udson et al. (2001), AD patients and healthy older adults were
qually likely to falsely recognize unstudied items. In the current
tudy, we conducted a single experiment to further investigate
his pattern.

The experiment reported here compared the false recognition
erformance of patients with AD and healthy older adult con-
rols in the paradigm described in Experiment 1 of Koutstaal
t al. (2003), a study which compared false recognition in
ealthy older and younger adults. In the paradigm, categorized
bstract colored line drawings of common objects served as
he experimental stimuli. When presented alone, the drawings
ere intended to be so abstract as to be unidentifiable and there-

ore devoid of conceptual information. For example, a squiggly,
aguely rectangular line drawing (Fig. 1, left) presented alone
as intended to be perceptually similar to but distinct from
ther drawings within its category (Fig. 1, center and right),
nd to carry no conceptual meaning. However, when presented
n conjunction with a descriptive category label, the stimuli
ould be readily identified as common objects and thus became
onceptually meaningful. When the category label “TRUCK”
mmediately preceded the presentation of any of the abstract
mages in Fig. 1, the drawing would retain its perceptual dis-
inctiveness, but also would be identifiable as a big rig. With
he label, each stimulus would convey the primary concept of
truck.” The presence of disambiguating labels was manipulated
t study and test such that four between-participants conditions
xisted: clear-clear (CC; no labels present at study or test), label-
abel (LL; labels present at both study and test), clear-label (CL;
abels absent at study, but present at test) and label-clear (LC;
ig. 1. Examples of the ambiguous stimuli used in the experiment. These three
tems are each exemplars of the category truck. Note that although, for illustrative
urposes here, the stimuli are shown in black and white, the stimuli shown to
articipants were filled with color, with color being an important attribute that
as varied both within and across categories.
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ious studies (e.g., Koutstaal & Schacter, 1997; Koutstaal et al.,
001, 1999). We used the paradigm to examine the increased rate
f false recognition for conceptually and perceptually meaning-
ul pictures previously found in individuals with AD by testing
wo competing hypotheses: the semantic encoding hypothesis
nd the conceptual fluency hypothesis.

The semantic encoding hypothesis posits that when individ-
als with AD study conceptually meaningful and perceptually
etailed pictorial stimuli, they focus on pre-existing semantic
r conceptual information to the extent that they fail to encode
erceptual differences between category exemplars. The pro-
essing of conceptual or semantic information may diminish or
ven prevent the encoding of item-specific perceptual informa-
ion. For example, an individual with AD studying a particular
hotograph of a dog might encode the concept of “dog” while
ailing to encode enough perceptual information to subsequently
istinguish the image from other photographs of dogs. This leads
o diminished veridical recognition and elevated false recogni-
ion, since within a given category all of the probes carry the
ame primary conceptual information. The semantic encoding
ypothesis may explain the findings of the previous studies of
alse recognition for pictorial stimuli in AD patients. Budson,
itarski, et al. (2002), Budson, Sullivan, et al. (2002) and Budson
t al. (2003) reported elevated false recognition for AD patients
ompared to healthy older adults when the pictorial stimuli –
ine drawings and color photographs of categorized common
bjects – conveyed both perceptual and conceptual information.
he conceptual information in the pictures may have dimin-

shed perceptual processing by both groups, but more so by
D patients. Also in accordance with the semantic encoding
ypothesis, Budson et al. (2001) found that the rate of false
ecognition of AD patients was equivalent to that of healthy
lder adults when the stimuli were abstract images devoid of con-
eptual information. In the absence of conceptual information,
atients with AD may have been able to encode and recognize
erceptual picture information as successfully as healthy older
dults did. If the semantic encoding hypothesis were an appro-
riate explanation for these results, then we would predict in the
urrent experiment that compared to healthy older adult con-
rols, AD patients would show elevated false recognition when
isambiguating labels were present at study, but not when the
abels were absent. The presence of disambiguating labels at
tudy would introduce conceptual information that AD patients
ould encode to the exclusion of encoding perceptual differ-

nces between items, leading to elevated false recognition. In the
bsence of such labels at study, the stimuli would be free of con-
eptual information, forcing AD patients to encode inter-item
erceptual differences.1
In addition to testing the semantic encoding hypothesis, the
urrent experiment provided an opportunity to assess the role of
onceptual processing fluency in recognition memory decisions

1 Note that the semantic encoding hypothesis proposed and tested here differs
rom the semantic categorization hypothesis of Koutstaal et al. (2003) in that
he encoding hypothesis focuses exclusively on processes operative at encod-
ng, whereas the categorization hypothesis of Koutstaal et al. (2003) concerned
rocesses at encoding and/or retrieval.
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n AD. Fluency denotes the relative ease or difficulty of process-
ng a stimulus, such that processing a highly fluent stimulus is
ess effortful than processing a less fluent stimulus (for reviews,
ee Wolk et al., 2005; Yonelinas, 2002). Prior work has suggested
hat one important cause of a subjective feeling of familiarity on
recognition memory test is related to how fluent the test item is

Jacoby & Whitehouse, 1989). This idea stems from the finding
hat prior presentation of an item leads to easier identification
hen the item is re-represented in a degraded fashion (Jacoby &
allas, 1981). Thus, when making recognition judgments, sub-

ects will often use enhanced processing fluency as a cue that
n item was previously studied (Jacoby & Dallas, 1981; Jacoby

Whitehouse, 1989; Kelly & Jacoby, 2000; Whittlesea, 1993;
hittlesea, Jacoby, & Girard, 1990). Supporting this notion,
anipulations that alter perceptual fluency, such as varying the

isual clarity of the test items, influence how subjects respond on
ests of recognition memory. Items that are more fluent (that is,
asier to perceive) are more likely to be endorsed as being on a
rior study list than are less fluent items (Jacoby & Whitehouse,
989; Whittlesea et al., 1990), regardless of whether the items
t test were studied or non-studied. In other words, participants
ill show a more liberal response bias toward endorsing more
uent test items as having been studied compared to less flu-
nt items, elevating both true and false recognition (Wolk et al.,
005).

Similarly, manipulations of conceptual fluency (the ease of
onceptual processing) can also influence recognition memory
udgments. For example, experimental manipulation of the con-
eptual fluency of semantic stimuli affects recognition memory
udgments in healthy younger adults (e.g., Rajaram & Geraci,
000; Whittlesea & Williams, 2000, 2001). In the paradigm
eveloped by Whittlesea and colleagues, either conceptually
redictive or non-predictive sentence stems precede test words.
rue and false recognition rates were found to be elevated by the
resence of the conceptually predictive context compared to the
on-predictive context (e.g., Whittlesea & Williams, 2001). For
xample, subjects are more likely to say that the word “boat” was
n a study list if it follows the predictive context, “The stormy
eas tossed the. . .” than the non-predictive context, “She saved
p her money and bought a. . .” The predictive context is thought
o enhance the ease of conceptual processing (i.e., enhancing flu-
ncy), which is then mistaken as a cue of prior study. Wolk et
l. (2005) studied AD patients in the Whittlesea paradigm and
ound that they were also likelier to endorse items as “old” in the
igher fluency condition. In the current experiment, the abstract
rawings presented at test with disambiguating labels would
e easier to process by being more conceptually meaningful,
nd thus more conceptually fluent (less effortfully semantically
rocessed), than those presented without labels. If participants
ere to attribute this conceptual fluency at test to a feeling of

amiliarity caused by previously studying the stimuli, then the
resence of labels at test should lead to a more liberal response
ias, elevating both true and false recognition.
Thus, the present experiment allowed us to examine two
ompeting hypotheses to explain AD patients’ increased false
ecognition of pictures relative to healthy older adult controls.
ccording to the semantic encoding hypothesis, when disam-
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Table 1
Experimental hypotheses

Semantic encoding
hypothesis

AD patients will show elevated false recognition
when labels are present at study (conditions
label-label [LL] & label-clear [LC]), compared to
when labels are absent at study (conditions
clear-clear [CC] & clear-label [CL]).

Conceptual fluency
hypothesis

AD patients will show elevated false recognition
when labels are present at test (conditions
label-label [LL]& clear-label [CL]), compared to
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tested three times with studied items and three times with categorically related
when labels are absent at test (conditions clear-clear
[CC] & label-clear [LC]).

iguating labels are present at study, false recognition should
e elevated. According to the conceptual fluency hypothesis,
hen disambiguating labels are present at test, false recognition

hould be elevated (see Table 1 for a summary of our experimen-
al hypotheses). Given the results of Wolk et al. (2005), which
ound that AD patients were strongly susceptible to the effects
f conceptual fluency, we predicted that, in line with the concep-
ual fluency hypothesis, AD patients would show a higher rate
f false recognition when disambiguating labels were present
t test (conditions LL & CL) compared to when they were not
conditions CC & LC), and that rates of false recognition would
e similar regardless of whether labels were present at study
conditions LL & LC) or not (conditions CC & CL).

To test these hypotheses, the primary analyses of interest will
e comparisons of false recognition by study condition (clear
t study versus label at study) to examine the semantic encod-
ng hypothesis, and by test condition (clear at test versus label
t test) to examine the conceptual fluency hypothesis. Because
he semantic encoding hypothesis only applies to false recogni-
ion of related categorized items, whereas the conceptual fluency
ypothesis applies equally to false recognition of related cate-
orized items and to false recognition of unrelated novel items,
nalyses of uncorrected false recognition (not novel-corrected
alse recognition) will provide the best comparisons between
he competing hypotheses. Lastly, if the conceptual fluency
ypothesis were correct, then it would apply to all items at test,
tudied and unstudied. Thus, we will also present analyses of
he response bias measure C to examine the conceptual fluency
ypothesis.

. Method

.1. Participants

Forty-eight healthy older adult controls and 48 patients with a clinical diag-
osis of probable AD, as determined by the National Institute of Neurological
nd Communicative Disorders and Stroke-Alzheimer’s Disease and Related
isorders Association criteria (McKhann et al., 1984), were recruited for the

xperiment. Many of the healthy older adult controls were recruited from a pool
f individuals who were already participating in a longitudinal study of normal
ging at Brigham and Women’s Hospital. The remaining healthy elderly partic-
pants were spouses and friends, but not blood relatives, of the AD patients who

articipated in the present study. The participants with AD were recruited from
he clinical populations of the Memory Disorders Unit, Brigham and Women’s
ospital, Boston, Massachusetts, and the Memory Clinic, Southwestern Ver-
ont Medical Center, Bennington, Vermont. The human subjects committees
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f Brigham and Women’s Hospital and Southwestern Vermont Medical Center
pproved this study. Written informed consents were obtained from all partici-
ants and from their caregivers where appropriate. Participants were paid US$ 10
er hour for their participation.

The average age of healthy older adult controls was 74.8 years (S.D. = 6.69);
hey reported an average of 14.8 years (S.D. = 2.90) of education and scored
n average of 29.0 (S.D. = 1.17) on the Mini-Mental Status Exam (MMSE;
olstein, Folstein, & McHugh, 1975). The average age of the participants with
D was 77.0 years (S.D. = 7.73). AD participants reported an average of 14.5
ears (S.D. = 3.07) of education and scored an average of 23.2 (S.D. = 3.56) on
he MMSE. There were no effects of age or years of education between the
ealthy older adult control and AD groups. As expected, healthy older adult
ontrols scored significantly higher on the MMSE than patients with AD, F(1,
4) = 111.27, p < 0.001. For the different conditions (CC, CL, LC, LL), the AD
atients were matched for age, education, and MMSE score, and the control
articipants were matched for age and education.

Of the 48 AD patients, 25 were male and 23 were female. Of the 48 older
ontrols, 16 were male and 32 were female. The male to female ratios by con-
ition for AD were as follows: CC, 6:6; CL, 8:4; LC, 6:6; LL, 5:7. The male to
emale ratios by condition for older controls were as follows: CC, 4:8; CL, 4:8;
C, 5:7; LL, 3:9. Analyses were performed to determine if there were any effects
f gender. These analyses revealed no significant overall effects of gender and
o interactions of gender with any other variable.

.2. Design

The experimental design included a within-participants factor of category
ize and two between-participants factors: group (AD patients versus older con-
rols), and condition (CC, LL, CL, LC). In the study phase, there were three levels
f category size, plus primacy and recency buffers: large, single, and unrelated.
or studied items at test there were three levels of category size: large, single,
nd unrelated. Items in the large category were categorically related to six items
hat had been presented at study, while items in the single category were cate-
orically related to one item that had been presented at study. Unrelated items
ere noncategorized and unrelated to other items at study or test. Four levels of

ategory size existed for nonstudied items: large, single, unrelated, and novel.
ovel items were those for which no related items were presented at study. The
roportion of “old” responses to novel items provided an estimate of the base-
ine false alarm rate. (Note that the unrelated items were included by Koutstaal
t al. (2003) to increase the length and variety of the study and test lists. For
revity, because these items do not pertain to the hypotheses presented in the
ntroduction, results for these items are not presented or analyzed).

.3. Stimuli

The stimuli were colored ambiguous pictorial representations of com-
on objects, created for Koutstaal et al. (2003) using Aldus FreeHand 7.0

Macromedia, 1996). The stimuli were designed to meet three criteria. First,
ach stimulus was intended to be sufficiently abstract so that when presented
ithout a label the stimulus would not be identifiable as a particular common
bject. Second, when presented in conjunction with a label, the shape of each
timulus was designed to be adequately distinct such that it could reasonably
elong to the category of objects named by the label. Third, the shape of each
timulus within a particular category was supposed to be similar enough to the
hapes of the other stimuli within that category to be identifiable as belonging
o that category, and not to other categories within the list. During experimental
iloting, Koutstaal et al. (2003) conducted a norming process to ensure that these
hree design criteria were met for all of the stimuli included in the experiment.

In the present experiment the stimuli included 18 categories of nine items
ach and 18 pairs of two items each. To counterbalance the large, single, and
ovel category sizes, the 18 categories were divided into three sets of six cate-
ories each. At test, each of the categories assigned to the large category size was
ures. Items in the novel category size were tested three times with items from
n unstudied category. For the single category size, only one item from each of
ix categories was presented at study. At test, this one studied item per category
nd one related lure per category were presented.
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.4. Procedure

Each participant was tested individually in a single session. Stimuli were
resented on an Apple Macintosh Powerbook computer via PsyScope software
Cohen, MacWhinney, Flatt, & Provost, 1993). The procedure consisted of three
hases.

In the study phase, participants viewed a total of 60 items (six items per
ategory from each of six large categories, one item from each of six single
ategories, one item from each of 12 unrelated groups, three primacy buffers,
nd three recency buffers). All participants were told that abstract colored forms
ould appear on the screen. Participants in the label at study condition were

lso informed that a written word would appear immediately before each picture
nd would remain on screen for 2 s. In the clear at study condition, a fixation
ymbol (“+”) was shown in place of the label. Each study item was presented
or 3 s. All participants were asked to verbally report a “like” or “dislike” rating
or each item. In formulating these ratings, participants were asked to look
arefully at the items and to use all available visual information. A retention
nterval of five minutes duration followed the study phase. During this interval,
ll participants performed Raven’s progressive matrices (Raven, 1941). If any
articipant completed the matrices within the 5-min interval, he or she then
orked on simple arithmetic problems.

In the test phase, participants viewed stimuli and were asked to report
hether each item was “old” (previously studied and rated for like or dislike) or

new” (previously unseen during the experiment). It was emphasized to partici-
ants that they should report “old” only if the specific item was studied, and that
hey should not report “old” solely because the item belonged to a category that
as studied. The test list consisted of 90 items, including 30 items that had been
resented at study and 60 items that had not been previously presented. Of the 30
tudied items, 18 were selected from the large categories (three items from each
f six categories), six were selected from the single categories (one from each
f six categories), and six were unrelated items. Of the 60 nonstudied items, 36
ere lures and 24 were novel items. The lures consisted of 18 large category

ures (three items from each of six large categories), six single category lures
one item from each of six single categories), and 12 unrelated lures (one item
rom each of 12 groups). Of the novel items, 18 were three items each from six
nstudied categories, and six were one item each from six unstudied categories.

. Results

.1. True and false recognition by condition
Table 2 presents uncorrected true and false recognition
ata by category size for AD patients and healthy older adult
ontrols in the LL, CC, LC, and CL conditions. To ana-

able 2
rue and false recognition by group and condition

Older adult controls AD patients

LL CC LC CL LL CC LC CL

rue
Large 0.76 0.81 0.71 0.73 0.76 0.61 0.70 0.73

S.D. 0.15 0.15 0.20 0.17 0.26 0.24 0.22 0.26

Single 0.61 0.57 0.49 0.50 0.62 0.46 0.33 0.61
S.D. 0.22 0.25 0.21 0.28 0.33 0.27 0.17 0.29

alse
Large 0.53 0.57 0.57 0.52 0.75 0.59 0.59 0.74

S.D. 0.20 0.19 0.20 0.19 0.28 0.26 0.22 0.22

Single 0.39 0.21 0.25 0.29 0.61 0.29 0.28 0.61
S.D. 0.23 0.20 0.17 0.24 0.27 0.28 0.25 0.31

Novel 0.05 0.17 0.08 0.18 0.41 0.34 0.24 0.56
S.D. 0.06 0.11 0.18 0.15 0.34 0.26 0.19 0.29
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yze uncorrected true recognition, a 2 (group: AD patients,
ealthy older adult controls) × 4 (condition: LL, CC, LC,
L) × 2 (category size: large, single) repeated measures anal-
sis of variance (ANOVA) was performed. This ANOVA
evealed no effect of group, F(1, 88) = 1.20, MSE = 0.084,
= 0.276, η2 = 0.013, or condition F(3, 88) = 1.75, MSE = 0.084,
= 0.162, η2 = 0.06, and no group × condition interaction, F(3,
8) = 1.23, MSE = 0.084, p = 0.303, η2 = 0.04. There was a
ithin-participants effect of category size, F(1, 88) = 76.95,
SE = 0.025, p < 0.001, η2 = 0.47, which demonstrated that par-

icipants with AD and healthy older adult controls both exhibited
reater true recognition performance for items in the large
ategory size than for items in the single category size. No
nteractions were found for category size × group, F(1, 88) < 1,
or category size × condition, F(3, 88) = 2.10, MSE = 0.025,
= 0.106, η2 = 0.07, or for category size × group × condition,
(3, 88) = 1.50, MSE = 0.025, p = 0.221, η2 = 0.05.

A 2 (group: AD patients, healthy older adult con-
rols) × 4 (condition: LL, CC, LC, CL) × 3 (category size:
arge, single, novel) repeated measures ANOVA was used
o analyze uncorrected false recognition performance. The
NOVA revealed between-participants effects of condi-

ion, F(3, 88) = 3.30, MSE = 0.114, p = 0.024, η2 = 0.10, and
roup, F(1, 88) = 21.42, MSE = 0.114, p < 0.001, η2 = 0.20,
ut no interaction of group × condition, F(3, 88) = 2.26,
SE = 0.114, p = 0.087, η2 = 0.07. The effect of group was

resent because AD patients showed higher overall levels
f uncorrected false recognition compared to healthy older
dult controls. Within-participants effects and interactions were
ound for category size, F(2, 176) = 150.53, MSE = 0.021,
< 0.001, η2 = 0.63, category size × condition, F(6, 176) = 5.29,
SE = 0.021, p < 0.001, η2 = 0.15, and category size × group,

(2, 176) = 6.25, MSE = 0.021, p = 0.002, η2 = 0.07, but not for
ategory size × condition × group, F(6, 176) < 1. Pairwise com-
arisons revealed that the effect of category size was present
ecause false recognition of large category items was greater
han that of single category items, which was in turn greater than
hat of novel items (ps < 0.001). To further examine the effect
f condition and the interactions, and to assess the competing
ypotheses discussed in the introduction, false recognition was
ext analyzed by the presence or absence of labels at study (LL
nd LC versus CC and CL) and by the presence or absence of
abels at test (LL and CL versus CC and LC).

.2. False recognition by study condition

The clear-at-study condition was composed of the CC and
L conditions. The label-at-study condition was composed
f the LL and LC conditions. See Table 3 for mean false
ecognition as a function of study condition. A 2 (group: AD
atients, healthy older adult controls) × 2 (study condition:
lear, label) × 3 (category size: large, single, novel) repeated
easures ANOVA revealed effects and interactions of group,

(1, 92) = 18.93, MSE = 0.129, p < 0.001, η2 = 0.17, category
ize, F(2, 184) = 143.00, MSE = 0.022, p < 0.001, η2 = 0.61, cat-
gory size × study condition, F(2, 184) = 6.74, MSE = 0.022,
= 0.001, η2 = 0.07, and category size × group, F(2, 184) = 5.93,
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Table 3
False recognition by study condition and category type

Group Clear at study Label at study

Large Single Novel Large Single Novel
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Fig. 2. Proportion “old” responses to unstudied items (false recognition) in
patients with AD (AD) and healthy older adult controls (Control). Results illus-
t
p
(

l
p
–

2
c

l
p
l
w
h
o
C

D 0.67 0.45 0.45 0.67 0.44 0.32
ontrol 0.54 0.25 0.17 0.55 0.32 0.06

SE = 0.022, p = 0.003, η2 = 0.06. There was no effect of study
ondition, F(1, 92) < 1, and no interactions of group × study con-
ition, F(1, 92) < 1, or category size × study condition × group,
(2, 184) < 1. The effects of group and category size have been
iscussed above. The category size × group interaction is likely
ttributable to the fact that the effect of category size was lesser
or the AD patients (η2 = 0.54) than for the older adult controls
η2 = 0.70). Similarly, the category size × study condition inter-
ction is likely attributable to the effect of category size being
reater for the label at study condition (η2 = 0.65) than for the
lear at study condition (η2 = 0.54).

.3. False recognition by test condition

The clear-at-test condition combined the CC and LC con-
itions, while the label-at-test condition combined the LL
nd CL conditions. See Table 4 for mean false recog-
ition as a function of test condition. A 2 (group: AD
atients, healthy older adult controls) × 2 (test condition: clear,
abel) × 3 (category size: large, single, novel) repeated mea-
ures ANOVA revealed effects and interactions of group, F(1,
2) = 22.24, MSE = .110, p < 0.001, η2 = 0.20, test condition,
(1, 92) = 9.81, MSE = 0.110, p = 0.002, η2 = 0.10, group × test
ondition, F(1, 92) = 6.88, MSE = 0.110, p = 0.010, η2 = 0.07,
ategory size × group, F(2, 184) = 5.98, MSE = 0.022, p = 0.003,
2 = 0.06, and category size × test condition, F(2, 184) = 7.96,
SE = 0.022, p < 0.001, η2 = 0.08; the three-way interaction was

ot significant, F(2, 184) < 0.1. The effects of group and of cat-
gory size and the group × category size interaction have been
iscussed above. The category size × test condition interaction
s likely attributable to the effect of category size being lesser for
he label at test condition (η2 = 0.54) than for the clear at test con-
ition (η2 = 0.67). The effect of test condition is attributable to
alse recognition being greater when the label was present at test
ompared to when the label was absent at test. Importantly, the
roup × test condition interaction is attributable to this effect

f test condition being present only for the AD patients, F(1,
4) = 10.59, MSE = 0.172, p = 0.002, η2 = 0.19, and not for the
ealthy older adult controls, F(1, 44) < 1 (Fig. 2). These results,
howing the elevation of false recognition in AD patients for the

able 4
alse recognition by test condition and category type

roup Clear at test Label at test

Large Single Novel Large Single Novel

D 0.59 0.29 0.29 0.75 0.61 0.48
ontrol 0.57 0.23 0.12 0.52 0.34 0.12

1
b
i
n
d
a
b
o
u
a
p
8

rate false recognition depending upon whether the disambiguating label was
resent (Label) or absent (Clear) at study (Effect of Study Condition) and test
Effect of Test Condition). Error bars show standard error.

abel condition at test, but not for the label condition at study,
rovide the first evidence that the conceptual fluency hypothesis
and not the semantic encoding hypothesis – is correct.

.4. Response bias (C) by group and by study and test
onditions

To further examine the conceptual fluency hypothesis we ana-
yzed the response bias measure C. Because the number of items
resented at test differed for the various item types (e.g., 18
arge category items, six single category items), the item types
ere weighted such that an “old” response to any item would
ave equivalent impact, in order to provide a valid measure
f bias (MacMillan & Creelman, 2005). In addition, because

is undefined when the proportion of responses equals 0 or
, all responses were converted using the formulas provided
y Snodgrass and Corwin (1988): H = (#hits + 0.5)/(#studied
tems + 1); FA = (#false alarms + 0.5)/(#unstudied items + 1). A
egative C value denotes a liberal response bias, or the ten-
ency to call items “old”, while a positive C value indicates
conservative response bias. See Table 5 for values of C

y group and condition. A 2 (group: AD patients, healthy
lder adult controls) × 4 (condition: LL, CC, LC, CL) × 1 (C)

nivariate ANOVA was performed to analyze C. There was
significant effect of group, F(1, 88) = 4.41, MSE = 0.344,

= 0.039, η2 = 0.05, but no significant effect of condition, F(3,
8) = 1.81, MSE = 0.344, p = 0.151, η2 = 0.06, or interaction



C.A. Gold et al. / Neuropsycholo

Table 5
Response bias (C) by group and condition

Older adult controls AD patients

L

0
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L CC LC CL LL CC LC CL

.00 −0.12 0.08 0.00 −0.48 0.00 0.02 −0.59

f group × condition, F(3, 88) = 1.93, MSE = 0.344, p = 0.131,
2 = 0.06. The effect of group was present because AD patients
verall displayed a more liberal response bias than healthy older
dult controls.

As above, we used additional ANOVAs to provide the
ritical analyses of the effect of labels at study and test on

values (where CC + CL = clear at study, LC + LL = label at
tudy, CC + LC = clear at test, and LL + CL = label at test).
o analyze the effect of study condition on response bias,
2 (group: AD patients, healthy older adult controls) × 2

study condition: clear, label) univariate ANOVA revealed
n effect of group, F(1, 92) = 4.11, MSE = 0.369, p = 0.045,
2 = 0.04 (as described above), but no effect of study condi-
ion and no group × study condition interaction, Fs(1, 92) < 1.
o analyze the effect of test condition on response bias, a

(group: AD patients, healthy older adult controls) × 2 (test

ondition: clear, label) univariate ANOVA revealed an effect
f group, F(1, 92) = 4.57, MSE = 0.332, p = 0.035, η2 = 0.05,
n effect of test condition, F(1, 92) = 5.06, MSE = 0.332,

ig. 3. C value, a measure of response bias, in patients with AD (AD) and healthy
lder adult controls (Control). Results illustrate response bias depending upon
hether the disambiguating label was present (Label) or absent (Clear) at study

Effect of Study Condition) and test (Effect of Test Condition). Error bars show
tandard error.

t
(

n
u
w
n
t
r
o
f
w
t
s
l
t
g
e
v
w
o
p
c
a
n
c

m
t
r
a
2
L
r

gia 45 (2007) 2791–2801 2797

= 0.027, η2 = 0.05, and a group × test condition interaction,
(1, 92) = 5.59, MSE = 0.332, p = 0.020, η2 = 0.06. The effect of
roup was discussed above. The effect of test condition indi-
ates that response bias was overall more liberal in the label
ondition at test compared to the clear condition. Critically, the
nteraction of group × test condition is attributable to the fact
hat patients with AD, F(1, 46) = 6.92, MSE = 0.511, p = 0.012,
ut not healthy older adult controls, F(1, 46) < 0.1, showed a
ore liberal response bias when labels were present at test com-

ared to when they were not, further supporting the conceptual
uency hypothesis (Fig. 3).

. Discussion

In this experiment, we investigated false recognition of pic-
orial stimuli by healthy older adult controls and patients with

ild AD. Using a paradigm designed by Koutstaal et al. (2003),
e manipulated the presence or absence of conceptual infor-
ation at study and test by displaying disambiguating category

abels preceding ambiguous abstract images at study, test, nei-
her, or both, and measured the effects on false recognition. The
urrent experiment tested two competing hypotheses, the seman-
ic encoding hypothesis and the conceptual fluency hypothesis
Table 1).

The semantic encoding hypothesis proposes that the recog-
ition performance of patients with AD most strongly depends
pon the presence or absence of conceptual information at study,
hereas the conceptual fluency hypothesis posits that recog-
ition performance of this group most strongly depends upon
he presence or absence of conceptual information at test. Our
esults were clear. Consistent with previous work, we found that,
verall, patients with AD showed an elevation in uncorrected
alse recognition and a more liberal response bias compared
ith healthy older adult controls. Most importantly, we found

hat patients with AD – but not healthy older adult controls –
howed higher levels of uncorrected false recognition and a more
iberal response bias when labels were present at test compared
o when they were absent (Figs. 2 and 3). These findings sug-
est that the conceptual fluency hypothesis, and not the semantic
ncoding hypothesis, provides the best explanation for the ele-
ated rates of false recognition of pictorial stimuli in patients
ith mild AD. Furthermore, these findings support the pattern
bserved in previous studies of pictorial stimuli in which AD
atients exhibited increased levels of false recognition for con-
eptually meaningful pictures at test (e.g., Budson, Sitarski, et
l., 2002; Budson, Sullivan, et al., 2002; Budson et al., 2003), but
ot for conceptually empty pictures (e.g., Budson et al., 2001)
ompared to healthy older adult controls.

Our findings represent an important clue in understanding
emorial response bias in AD. The present results are consis-

ent with a growing body of literature that has demonstrated that
esponse bias is more liberal in AD patients than in healthy older

dult controls (for review see Budson, Wolk, Chong, & Waring,
006). Looking at the data by individual conditions (LL, CC,
C, CL) in Table 5 or by study and test condition in Fig. 3, the

esponse bias results are equally clear. Much more than simply
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onfirming these previous findings, the present study provides
ompelling data that suggests that the conceptual fluency of test
tems leads to more liberal responding in patients with AD. By
ontrast, enhancing conceptual fluency with labels at test has
o effect whatsoever on the response bias of healthy older adult
ontrols. Thus, unlike healthy older adults, patients with AD are
ighly likely to respond “Yes, I’ve seen that before,” to a concep-
ually fluent categorized abstract shape turned into a picture by
he label being present at test, but not to a less fluent categorized
bstract shape without the label present.

Why should AD patients, but not healthy older adults, base
emorial recognition decisions on the conceptual fluency of

he test item? One likely possibility relates to the idea that
ecognition memory decisions can be based either upon rec-
llection (the detailed retrieval of information regarding an item
r event) or familiarity (a general sense of prior encounter) (for
eview, see Wixted, 2007; Yonelinas, 2002). Rajaram and Geraci
2000) have suggested that conceptual fluency preferentially
nhances familiarity and not recollection. Using a Remem-
er/Know paradigm, they asked participants to make memorial
udgments on test words that were preceded by primes that
ere either semantically related or unrelated to the test word.
hey found that the related prime condition enhanced Know

esponses, but not Remember responses relative to the unrelated
rime condition, suggesting that conceptual fluency enhances
nly familiarity. Many researchers have suggested that AD
atients are likely to base their recognition memory decisions
n familiarity, because their ability to use recollection is partic-
larly impaired (Budson et al., 2000; Christensen, Kopelman,
tanhope, Lorentz, & Owen, 1998; Dalla Barba, 1997; Gallo,
ullivan, Daffner, Schacter, & Budson, 2004; Knight, 1998;
oivisto, Portin, Seinela, & Rinne, 1998; Smith & Knight,
002). Thus, one possibility is that AD patients are particularly
usceptible to effects of conceptual fluency because they depend
pon familiarity for their memory judgments, and conceptual
uency enhances familiarity, but not recollection. Healthy older
dults may also experience an increase in their sense of famil-
arity for conceptually fluent test items, but it may be countered
y intact recollection (e.g., Budson et al., 2000) or by correctly
ttributing the sense of familiarity to enhanced fluency related
o the disambiguating label, rather than a prior encounter with
he item (e.g., Whittlesea & Williams, 2001).

The precise neural basis as to why patients with AD are
o dramatically influenced by conceptual fluency when making
ecognition memory judgments is unknown, and deserves fur-
her study. We will speculate on two possible (and not mutually
xclusive) candidates.

First, we suggested that AD patients are particularly suscep-
ible to the effects of conceptual fluency at test because their
bility to use recollection is impaired. Numerous studies support
he idea that recollection is critically dependent upon intact hip-
ocampal function (see Yonelinas, 2002, for review, and Wixted,
007, for a contrasting perspective). The hippocampus, along

ith several other medial temporal lobe structures, is one of

he earliest regions of the brain to be affected by AD pathology
Price & Morris, 1999). Thus, hippocampal dysfunction in AD
atients may be one cause of these patients’ increased suscepti-
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ility to the effects of conceptual fluency at test on their memory
udgments.

Second, in a study of young adults, Wolk et al. (2004) put
orth the idea that a frontally-based event-related potential (ERP)
omponent from 800 to 1600 ms that has been correlated with
ost-retrieval processes (e.g., Allan, Wilding, & Rugg, 1998;
lly & Budson, 2007; Budson, Dodson, et al., 2005; Budson,
roller, et al., 2005; Goldmann et al., 2003; Wilding & Rugg,
996) was related to subjects’ attribution of the subjective feel-
ng engendered by enhanced conceptual fluency processing. In
heir study of AD patients, Wolk et al. (2005) found a trend
or this frontally-based component to be blunted in the AD
atients compared to healthy older adult controls. Although one
annot draw reliable neuroanatomical localizations from ERP
tudies, it is worth noting that prefrontal cortex has been identi-
ed as a key region in post-retrieval processing (for review see
letcher & Henson, 2001). AD patients show evidence of patho-

ogic changes in frontal cortex (Buckner et al., 2005; Lidstrom
t al., 1998), and neuropsychological and neuroimaging stud-
es of AD patients have demonstrated frontal lobe dysfunction
Baddeley, Bressi, Della Sala, Logie, & Spinnler, 1991; Buckner
t al., 2005; Dalla Barba, Nedjam, & Dubois, 1999; Haxby et
l., 1988; Mountjoy, Roth, Evans, & Evans, 1983). Thus, another
ossibility is that frontal lobe dysfunction in AD patients causes
mpaired post-retrieval verification and monitoring processes,
eading these patients to incorrectly attribute the subjective feel-
ng engendered by enhanced conceptual fluency at test to prior
tudy of the item. Future studies, perhaps using functional or
tructural MRI techniques, will be better able to more precisely
etermine how the brain dysfunction associated with AD leads
hese patients to be so strongly influenced by conceptual fluency
f the test item in their recognition memory judgments.

Additional studies using behavioral, ERP, and functional
RI (fMRI) approaches may also be able to aid our under-

tanding of how conceptual fluency at test impacts recognition
emory judgments in AD. For example, we suggested that

onceptual fluency affects response bias on recognition mem-
ry tests by altering participants’ familiarity of the test item.
ne way to more directly evaluate this suggestion would be to

sk participants to make Remember/Know judgments on their
esponses. We would predict that conceptual fluency would
mpact items given a Know response, but not those given

Remember response, consistent with Rajaram and Geraci
2000).

In ERP studies, Wolk et al. (2004, 2005) found that enhanced
onceptual fluency at test was related to a more positive N400
omponent measured from 300 to 550 ms. Similarly, Voss and
aller (2006) found that conceptual fluency was related to more
ositive brain potentials from 250 to 500 ms. Data from a large
umber of studies involving younger adults, healthy older adults,
nd AD patients have suggested that a more positive ERP around
his time interval may reflect the neural correlate of increased
amiliarity (e.g., Ally & Budson, 2007; Curran & Cleary, 2003;

uzel, Yonelinas, Mangun, Heinze, & Tulving, 1997; Nessler,
ecklinger, & Penney, 2001; Rugg et al., 1998; Wolk et al.,

004, 2005). And as mentioned above, Wolk et al. (2004) also
ound that enhanced conceptual fluency was related to more pos-



cholo

i
t
t
b
e
m
a
i

a
b
s
o
a
c
t
r
c
o
m
m
i
t
t
p

m
i
m
t
i
l
i
f
a
a
e
r
t
i
A
i
fl
B
P
d
1
i
n
a
e
i
t

r
m
2

1
w
a
a
e
i
c
f
r
a

A

s
o
I
A

R

A

A

B

B

B

B

B

B

B

B

B

B

C.A. Gold et al. / Neuropsy

tive frontally-based brain potentials from 800 to 1600 ms, which
hese authors suggested may reflect the neural activity related
o participants attribution of the subjective feeling engendered
y enhanced conceptual fluency. Thus, modifying the present
xperiment to allow the acquisition of ERP data would be infor-
ative regarding the neural correlates of both conceptual fluency

nd the attribution of conceptual fluency to memorial processes
n these patients.

The findings from fMRI studies of conceptual priming may
lso be relevant for understanding conceptual fluency. As noted
y Voss and Paller (2006), conceptual fluency may be respon-
ible for implicit conceptual priming in addition to aspects
f explicit episodic memory such as familiarity. Buckner et
l. (1998) found that conceptual priming was associated with
hanges in activation of left prefrontal regions. Similarly, in
heir review, Schacter, Wig, and Stevens (2007) describe how
egions of the inferior frontal gyrus and left inferior temporal
ortex show changes in activation related to an item’s abstract
r conceptual properties. fMRI studies of conceptual priming
ay therefore suggest several anterior brain regions that may be
odulated during conceptual fluency processing. Future behav-

oral, ERP, and fMRI studies will be able to continue to explore
he relationship in AD patients between conceptual fluency on
he one hand, and cognitive concepts, electrophysiologic com-
onents, and changes in regional brain activation on the other.

The findings that patients with mild AD make recognition
emory decisions based upon the fluency of the test item have

mplications for our understanding of normal and impaired
emory and may provide clinical insights that can improve

he lives of patients. If conceptual fluency at test leads to an
ncreased sense of familiarity which in turn leads to increased
evels of false recognition and a more liberal response bias when
ndividuals rely upon familiarity, then our results may be relevant
or understanding false recognition and response bias in general,
nd not just in AD patients. Expanding on work by Whittlesea
nd Williams (2000, 2001), Rajaram and Geraci (2000), Wolk
t al. (2005), and others, our study found that when individuals
ely upon familiarity for the basis of their memorial decisions,
hey might be particularly susceptible to conceptual fluency
ncreasing their false recognition. In addition to patients with
D, other patients with impaired recollection may also show

ncreased false recognition attributable to enhanced conceptual
uency, such as patients with damage to frontal cortex (e.g.,
udson, Sitarski, et al., 2002; Budson, Sullivan, et al., 2002;
arkin, Bindschaedler, Harsent, & Metzler, 1996), patients with
amage to medial temporal lobes (e.g., Schacter, Norman, et al.,
998; Schacter, Verfaellie, et al., 1998), patients with closed head
njury (e.g., Ries & Marks, 2006), and patients with schizophre-
ia (e.g., Lee, Iao, & Lin, 2006). Healthy younger and older
dults may also be particularly susceptible to conceptual flu-
ncy increasing their false recognition when their recollection
s diminished; such a result was found for perceptual fluency in
he controls studied by Verfaellie and Cermak (1999).
Many researchers have investigated methods to reduce false
ecognition. These methods have included repetition of study
aterials (e.g., Budson et al., 2000; Budson, Sitarski, et al.,

002; Budson, Sullivan, et al., 2002; Schacter, Norman, et al.,

B
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998; Schacter, Verfaellie, et al., 1998), pairing pictures with
ords (e.g., Budson, Dodson, et al., 2005; Budson, Droller, et

l., 2005; Schacter, Israel, & Racine, 1999), and simply encour-
ging participants to engage in more careful scrutiny of items at
ncoding and/or retrieval (Koutstaal et al., 1999). Investigation
nto whether such manipulations can diminish the effects of con-
eptual fluency on false recognition will be an important area of
uture research. If successful in reducing false recognition, such
esearch will be able to improve the lives of healthy older adults
s well as patients with AD and other cognitive impairments.
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