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a b s t r a c t

Although it is generally accepted that patients with amnestic mild cognitive impairment (aMCI) and
patients with Alzheimer’s disease (AD) have significantly impaired recollection, recent evidence has been
mixed as to whether these patients demonstrate impaired memorial familiarity. Recent work suggests
that familiarity may remain intact for pictures, but not for words. Further, a recent event-related potential
(ERP) study suggests that enhanced conceptual processing of pictures may underlie this intact familiarity.
However, to date there has been no direct comparison of perceptual and conceptual-based familiarity for
pictures and words in patients with aMCI and AD. To investigate this issue, patients with aMCI, patients
with AD, and healthy older adults underwent four study-test conditions of word–word, picture–picture,
word–picture, and picture–word. When stimuli undergo form change, it has been suggested that only
conceptual processing can help support recognition in the absence of recollection. Our results showed
that patients successfully relied on perceptual and conceptual-based familiarity to improve recognition
for the within format conditions over the across format conditions. Further, results suggested that patients
with aMCI and AD are able to use enhanced conceptual processing of pictures compared to words to allow
them to overcome the deleterious effects of form change in a similar manner as controls. These results
help us begin to understand which aspects of memory are impaired and which remain relatively intact
in patients with aMCI and AD. This understanding can then in turn help us to assess, conceptualize, and
build behavioral interventions to help treat these patients.

Published by Elsevier Ltd.

1. Introduction

Alzheimer’s disease (AD) is associated with gradually progres-
sive deficits in several cognitive domains, with the initial and most
notable impairment typically involving episodic memory. Mild cog-
nitive impairment (MCI) is often thought of as a transitional state
from normal aging to AD. Although not all cases of MCI progress
to AD or another form of dementia, those with MCI progress to AD
at much higher rates than age-matched controls without cogni-
tive impairment (Petersen, 2004; Petersen et al., 1999). In fact, the
amnestic subtype of MCI (aMCI) has been associated with an esti-
mated tenfold increase in yearly conversion rate to AD compared
to age-matched controls with no cognitive impairment (Petersen,
2004). The importance of characterizing and understanding the
precise nature of memory impairment in these patient popula-
tions has been increasingly emphasized due to its clinical relevance.
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Recent investigations into the exact nature of episodic memory
impairment associated with aMCI and AD have typically examined
recognition memory—the judgment as to whether a stimulus has
been previously encountered. In order to better understand recog-
nition memory, several theories have been proposed. The most
widely recognized theory is the dual process model of episodic
memory, which posits that recognition is supported by the distinct
and independent processes of recollection and familiarity (Jacoby,
1991; Yonelinas, 2002). Recollection refers to retrieval of contextu-
ally specific episodic details about previously encountered stimuli,
whereas familiarity refers to an acontextual sense that a stimulus
has been previously encountered.

Although our understanding of recollection and familiarity
in patients with aMCI and AD is still evolving, data suggest
a significant impairment in recollection for both groups (Ally,
Gold, and Budson (2009a); Ally, McKeever, Waring, & Budson,
2009c; Budson, Daffner, Desikan, & Schacter, 2000; Christensen,
Kopelman, Stanhope, Lorentz, & Owen, 1998; Dalla Barba, 1997;
Gallo, Sullivan, Daffner, Schacter, & Budson, 2004; Mitchell,
Sullivan, Schacter, & Budson, 2006; Knight, 1998; Koivisto, Portin,
Seinela, & Rinne, 1998; Smith & Knight, 2002; Wolk, Signoff, &
DeKosky, 2008; Westerberg et al., 2006). In contrast, results of
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studies examining familiarity are less clear. In general, studies
of familiarity and gist memory suggest impairment in patients
with AD (Budson et al., 2000; Budson, Wolk, Chong, & Waring,
2006; Dalla Barba, 1997; Smith & Knight, 2002; but see Rauchs
et al., 2007; Wolk et al., 2005). Research also suggests that AD
patients become over-reliant on familiarity (Gallo et al., 2006; Gold,
Marchant, Koutstaal, Schacter, & Budson, 2007). It has been recently
proposed that over-reliance on impaired familiarity may lead to the
liberal response bias, or the tendency to respond “old” on a recog-
nition memory test, demonstrated by patients with AD (Budson
et al., 2006; Gold et al., 2007; Wolk, Gold, Signoff, & Budson,
2009).

Studies examining familiarity in patients with aMCI have been
mixed. For example, Westerberg et al. (2006) administered two
separate picture recognition memory tasks requiring subjects
to make standard old/new recognition memory decisions or to
make forced-choice recognition decisions in which the target
was grouped with highly similar foils. Based on earlier evidence
(Bastin & Van der Linden, 2003; Gardiner, Java, & Richardson-
Klavehn, 1998), Westerberg et al. suggested that the standard
single-item recognition memory test allowed participants to rely
on both recollection and familiarity, whereas the forced-choice
test forced participants to rely more on familiarity. The results
of this study showed that patients with aMCI and mild AD per-
formed significantly worse on the standard old/new test compared
to the healthy older adults, but performance on the forced-choice
test was indistinguishable for the aMCI group and the healthy
older adults. Westerberg et al. (2006) concluded that while rec-
ollection is impaired in patients with aMCI, familiarity remains
intact, and that it could be successfully used even in difficult
tasks requiring subjects to identify a target from highly similar
foils. More recent studies using the process-dissociation proce-
dure and the Remember/Know paradigm support the findings of
drastically impaired recollection with intact estimates of familiar-
ity in aMCI (Anderson et al., 2008; Hudon, Belleville, & Gauthier,
2009).

In contrast, several other studies have suggested that famil-
iarity is impaired in these patients. For example, Wolk et al.
(2008) used three experimental paradigms (two modifications of
the process-dissociation procedure and one procedure that uti-
lized the task-dissociation methodology) to provide converging
evidence that familiarity, like recollection, is impaired. Algarabel
et al. (2009) used a Spanish version of the Parkin letter-fluency
paradigm (Parkin et al., 2001) to estimate the use of familiarity in
recognition decisions. Here, healthy older adults and older adults
with nonamnestic mild cognitive impairment were able to use
familiarity based on perceptual fluency of letters to improve recog-
nition, but patients with aMCI could not (Algarabel et al., 2009).
Moreover, using confidence-based receiver operating characteris-
tic (ROC) curves and a depth of processing manipulation, Ally, Gold,
and Budson (2009a) reported decreased estimates of familiarity in
both shallow and deep encoding conditions for patients with aMCI
and AD compared to the healthy older adults.

Most recently, Ally, McKeever, et al. (2009) used event-related
potentials (ERPs) to investigate recognition of pictures and words
in patients with aMCI. Historically, the neural correlate of familiar-
ity has been associated with an early bifrontal old/new effect where
more familiar items elicit a more positive waveform between 300
and 500 ms post-stimulus, and the correlate of recollection has
been associated with a parietal old/new effect between 500 and
900 ms post-stimulus where old items elicit a more positive wave-
form than new items (see Rugg & Curran, 2007 for review). Ally,
McKeever, et al. (2009) reported no evidence of the neural correlate
of recollection for pictures or words. However, the neural correlate
of familiarity was similar for pictures, but diminished for words,
in patients with aMCI compared to healthy older adults, suggesting

that perhaps familiarity remained intact for pictorial stimuli but not
for words. Based on work from Voss and Paller (2006, 2007, 2008)
suggesting that the early frontal ERP effect may reflect conceptual
processing of the test item, Ally, McKeever, et al. (2009) specu-
lated that perhaps the enhanced early frontal ERP old/new effect
for pictures reflected intact conceptual implicit memory processes,
such as priming or fluency, that may engender the sense of memo-
rial familiarity in these patients. Priming and processing fluency
are known to be important factors contributing not only to item
recognition based on familiarity (Jacoby & Dallas, 1981; Jacoby &
Whitehouse, 1989; Kelley & Jacoby, 2000; Rajaram & Geraci, 2000;
Westerman, 2001; Whittlesea & Williams, 2000, 2001a, 2001b;
Whittlesea, 1993), but also to the subjective sense of memorial
familiarity (Kelley & Rhodes, 2002; Jacoby & Whitehouse, 1989).
The results of Ally, McKeever, et al. (2009) warrant a further look
at how these implicit processes, such as conceptual or perceptual
fluency, play a role in memorial familiarity in patients with aMCI
and AD, and was the impetus for the current investigation.

The role of processing fluency is particularly important in famil-
iarity and successful recognition. Processing fluency, or the relative
speed and ease with which a stimulus is processed, can be con-
ceptual (meaning-based) or perceptual (form-based) in nature.
Stimuli that are processed faster and more effortlessly tend to
be judged as having been seen before. Previous research sug-
gests that perceptual fluency remains intact and can contribute
to increased recognition performance in patients with aMCI and
mild AD (Ballesteros, Reales, & Mayas, 2007; Fleischman & Gabrieli,
1998; Willems, Germain, Salmon, & Van der, 2009), likely through
enhanced familiarity (Algarabel et al., 2009). Although it has been
suggested that tasks facilitated by perceptual processing show far
less compromise in patients with AD than those facilitated by con-
ceptual processing (see Fleischman & Gabrieli, 1998 for review),
studies have shown that under certain circumstances patients
with aMCI and AD can successfully use conceptual fluency to sup-
port recognition judgments (Martins & Lloyd-Jones, 2006) through
enhanced familiarity (Gold et al., 2007; Wolk et al., 2009; Wolk et
al., 2005). However, it must be acknowledged that for Alzheimer’s
patients, relying on conceptual fluency does not come without con-
sequence. Gold et al. (2007) showed that when patients with AD
rely on conceptual cues at test, response bias becomes very liberal,
leading to a high rate of false recognition.

In the current study, we set out to understand the role of percep-
tual and conceptual fluency in the familiarity of pictures and words
in patients with aMCI and AD. Based on previous ERP work, Ally,
McKeever, et al. (2009) hypothesized that the intact early frontal
effect for pictures reflected the use of familiarity based on enhanced
conceptual fluency of pictures during recognition. This is somewhat
counterintuitive given evidence that semantic networks and con-
ceptual fluency may be somewhat impaired, and perceptual fluency
tends to remain intact in patients with AD (Fleischman & Gabrieli,
1998). To further examine whether conceptual-based familiarity of
pictures remains intact in aMCI and AD, we elected to use the form
change paradigm using pictures and words in the present investi-
gation. Form change refers to a change in stimulus format between
study and test conditions. For example, stimuli that are presented
as words at study would be said to undergo a form change if they are
presented as pictures at test. Changes in stimulus format between
study and test result in a decrease in recognition accuracy, referred
to as form change cost, likely stemming from the reduced or elim-
inated contribution of perceptual familiarity to recognition (Ally
& Budson, 2007; Schloerscheidt & Rugg, 2004; Yonelinas, 2002).
When stimuli are presented in the same modality at study and
test (e.g., study-test stimuli of word–word or picture–picture), it
is speculated that both conceptual and perceptual fluency can con-
tribute to recognition (Stenberg, Radeborg, & Hedman, 1995). In
contrast, when stimuli are presented in different formats at study
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and test (e.g., study-test stimuli of word–picture or picture–word
conditions), it has been suggested that only conceptual processing
can help support recognition (Thapar & Westerman, 2009; Willems
et al., 2009). In the current study, healthy older adults, patients with
aMCI, and patients with AD underwent four study-test phases of
word–word, picture–picture, word–picture, and picture–word.

Overall, we hypothesized that if patients with aMCI and AD were
able to utilize perceptual and conceptual fluency based familiarity
to support successful recognition decisions, they would perform
better on the within format conditions, which allows for greater
reliance on familiarity, compared to the across format condi-
tions, which reduce or eliminate the ability to rely on familiarity.
More specifically, we predicted that this discrepancy of difference
between within versus across format conditions would be greater
for patients than for healthy older adults, as the latter may be able
to rely on recollection to compensate for the reduced ability to
rely on familiarity in the across format conditions. With respect
to within-subjects comparisons, we hypothesized that if concep-
tual processing of pictures remains intact in patients with aMCI and
AD, then patients would perform similar, if not better, on the across
format condition when pictures were studied (picture–word) com-
pared to the within format condition when words were studied
(word–word). In contrast, this effect would not be present for words
when comparing the across format condition when words were
studied (word–picture) to the within format condition when pic-
tures were studied (picture–picture). In other words, we predict
that the memorial power of pictures will offset the deleterious
effects of stimulus change from study to test in patients as well
as healthy older adults. Finally, when the individual across for-
mat conditions are compared, which rely on conceptual processing,
we would expect performance to be better for the picture-word
condition compared to the word-picture condition for all groups.

2. Methods

2.1. Design overview

The experimental design systematically varied words and color pictures of indi-
vidual items at study and test to generate four separate study-test conditions (two
within format and two across format): word–word (WW); picture–picture (PP);
word–picture (WP); picture–word (PW). All conditions presented 50 stimuli at study
and 100 stimuli at test (50% old, 50% new). All subjects completed the four study-test
conditions in two 1.5-h sessions over the course of two days, with breaks between
each condition. ERPs were recorded at test for each condition. However, due to inad-
equate bin sizes for the WP and PW conditions for patients with aMCI and AD, only
the behavioral data were analyzed. It should also be noted that the PP and WW data
were analyzed for a subset of the aMCI and AD patients, and were presented in Ally,
Gold, and Budson (2009a).

2.2. Participants

Sixteen healthy older adults, 16 patients with a diagnosis of amnestic-type MCI
(multiple or single domain; Petersen, 2004), and 16 patients with a clinical diagno-
sis of mild AD were recruited for this study. Patients with MCI reported a subjective
memory complaint, showed abnormal memory performance for their age as evi-
denced by performing more than 1.5 standard deviations below the healthy control
group on either the recall or the recognition portion of the Consortium to Establish
a Registry for Alzheimer’s Disease (CERAD) Word List Memory Test (Morris et al.,
1989), and did not display functional impairment in activities of daily living accord-
ing to caregiver report. Patients with probable mild AD met criteria described by
the National Institute of Neurological and Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association (McKhann et al., 1984), and
were in the mild range of the disease based on MMSE scores ranging from 20 to
26 (Folstein, Folstein, & McHugh, 1975). Healthy older adults were screened in the
same manner as patients with MCI and AD and were defined as demonstrating no
cognitive impairment on neuropsychological testing and having no first-degree rel-
atives with Alzheimer’s disease or other neurodegenerative diseases. It should be
noted that 15 of the 16 AD patients and 12 of the 16 aMCI patients were undergoing
pharmacological treatment with cholinesterase inhibitors at the time of the study.
The participants with mild AD and MCI were recruited from the Memory Disor-
ders Unit at Brigham and Women’s Hospital and the Boston University Alzheimer’s
Disease Center, both in Boston, Massachusetts. Healthy older adult controls were
recruited from online and community postings in the Boston area, or were spouses

Table 1
Demographic and standard neuropsychological test data by group.

OC MCI AD

Age 74.3 (4.3) 72.5 (8.7) 73.6 (9.7)
Years education 15.8 (3.7) 16.9 (3.6) 15.1 (3.9)
MMSE 29.4 (.8) 28.5 (1.6) 23.9 (2.1)

CERAD
Immediate 22.5 (3.2) 14.1 (4.5) 10.1 (3.8)
Delayed 7.7 (1.6) 2.4 (1.9) .7 (1.3)
Recognition 9.8 (.4) 7.9 (1.7) 4.9 (3.7)

Trails-B 86.5 (27.4) 127.4 (86) 251 (98)
FAS 49.1 (8.9) 40.2 (11.1) 26.4 (17.8)
CAT 49.6 (10.7) 35.8 (13.1) 37.1 (12.1)

BNT-15
No cue 14.6 (.9) 13.6 (1.5) 11.9 (3.1)
Semantic cue .1 (.2) .2 (.5) .4 (.7)
Phonetic cue .4 (.8) .8 (1.2) 1.5 (1.5)

Notes. OC: healthy older adults; MMSE: Mini Mental State Examination (Folstein et
al., 1975); CERAD: CERAD Word List Memory Test (Morris et al., 1989); Trails-B: Trail
Making Test Part B (Adjutant General’s Office, 1944); FAS and CAT: Verbal Fluency
(Monsch et al., 1992); BNT-15: 15-item Boston Naming Test (Mack et al., 1992).

and friends of the AD and MCI patients who participated in the study. The human
subjects committees of the Bedford VA Hospital, Brigham and Women’s Hospital,
and Boston University School of Medicine approved the study. Participants were
paid $25/h for their participation.

Participants were excluded if they were characterized by clinically sig-
nificant depression, alcohol or drug use, cerebrovascular disease, traumatic
brain damage, other neurological or psychological disease that could affect
cognitive function, or if English was not their primary language. Subjects
were also required to have corrected 20/30 or better color vision. All
subjects completed a brief neuropsychological battery to evaluate their cog-
nitive functioning, administered in a separate 45-min session. Subjects were
first administered the Mini Mental State Examination (Folstein et al., 1975),
for which a score of 27 or better was required for the healthy older
adults. Subjects were then administered the CERAD word list memory test (Morris et
al., 1989), Trail Making Test Part B (Adjutant General’s Office, 1944), Verbal Fluency
(Monsch et al., 1992), and the 15-item Boston Naming Test (Mack, Freed, Williams,
& Henderson, 1992). Demographic and neuropsychological test data can be seen in
Table 1.

2.3. Stimuli and procedure

The color pictures used in the current study were the same stimuli set used
by Ally and Budson (2007). The original pool of experimental stimuli consisted of
480 high-resolution clip-art style color pictures of nameable objects (nouns) and
480 words corresponding to the names of the objects. From the total pool, 400
pictures were randomly selected and were piloted in a naming study involving 5
subjects. Pictures with poor naming reliability scores were replaced as needed. The
final 400 items were counterbalanced across study-test lists for word length, con-
creteness, and imagibility ratings. In addition, condition order (WW, PP, WP, PW)
and study status (old, new) were counterbalanced across subjects. Color pictures
were presented in central vision on a white background, with an average height of
13 cm and an average width of 15 cm, and a visual angle subtended of 7◦ . Words
were presented in central vision in black uppercase letters 4 cm in height, also
on a white background, with a visual angle subtended of 5.6◦ . All stimuli were
presented on a 21 in. flat screen computer monitor positioned 48 in. from the
subject.

During the study portion of each condition, participants were asked to make
like/dislike judgments of the stimuli and to remember the stimuli for a subse-
quent memory test. Study stimuli were presented for 2 s each and were followed
by the question, “Do you like this item?” Healthy older adult participants were then
prompted to button press to signify their like/dislike judgment, while MCI and AD
subjects reported their judgments aloud to an experimenter. There was a 1 s pause
between each study trial. Test stimuli were each presented for 1.5 s, followed by the
question, “Is this item old or new?” Healthy older adults were prompted to button
press to signify their old/new judgment, while MCI and AD participants reported
their judgments aloud and had responses input by the experimenter.

It should be noted that one healthy older adult and one patient with AD were
excluded from analyses because performance was significantly (2 SD) lower than the
group means. The patient with AD that was excluded responded “old” for virtually
every item. Over the four conditions, this patient responded “old” 94% of the time,
even when the instructions were repeated multiple times. The healthy older adult
performed 1.5 SD lower on the PP and WW conditions, and greater than 2 SD on
the WP and PW conditions. Re-running the analyses with these individuals in the
dataset did not change the overall pattern of results.
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3. Results

To directly examine the effect of form change on recognition
performance, our initial analysis used ANOVA to examine accuracy
and response bias with the factors of Group (healthy older adults,
aMCI, AD) and Condition (WW, PP, WP, PW). Follow-up ANOVA or
t-tests were performed for significant main effects and interactions.
In our analyses of accuracy, we used the statistic Pr [% hits − % false
alarms] and in our analyses of response bias, we used the statistic
Br [% false alarms/1 − Pr] (Snodgrass & Corwin, 1988). The ANOVA
using Pr revealed effects of Group [F(2, 43) = 55.62, p < .001] and
Condition [F(3, 129) = 66.69, p < .001], and an interaction of Group
and Condition [F(6, 129) = 2.54, p = .024]. The effect of Group was
present because discrimination was higher for the healthy older
adults compared to the aMCI [F(1, 29) = 25.99, p < .001] and AD
[F(1, 28) = 156.68, p < .001] groups. In addition, the aMCI group per-
formed better than the AD group [F(1, 29) = 24.79, p < .001]. The
effect of Condition was present because performance was greatest
in the PP condition compared to the WW condition [t(45) = 7.53,
p < .001], the WP condition [t(45) = 12.24, p < .001] and the PW
condition [t(45) = 8.76, p < .001]. Performance on the WW condi-
tion was greater than the WP condition [t(45) = 6.38, p < .001], but
not compared to the PW condition [t(45) = 1.38, p = .174]. Finally,
performance on the PW condition was greater than on the WP con-
dition [t(45) = 5.26, p < .001]. Follow-up analyses also revealed that
the magnitude of this picture superiority effect was greater for the
patient groups (collapsed across aMCI and AD patients) compared
to the healthy older adults [t(44) = 2.37, p = .022].

The interaction of Group and Condition was followed-up with
ANOVAs between each group pair. The ANOVAs revealed individ-
ual interactions of Group and Condition for the healthy older adults
compared to the MCI patients [F(3, 87) = 4.62, p = .005] and for the
healthy older adults compared to the AD patients [F(3, 84) = 3.48,
p = .019], but not for the MCI patients compared to AD patients
[F(3, 87) < 1]. The interaction between the healthy older adults
and the patient groups and Condition was present because the
difference in performance between the within and across format
conditions was greater in the patient groups than in the healthy
older adults. Discrimination was better by .10 for the within for-
mat conditions (.87) compared to the across format conditions
(.77) for the healthy older adults. In contrast, discrimination was
better by .22 for the within format conditions (.66) compared to
the across format conditions (.44) in patients with MCI, result-
ing in a greater difference between the across and within format
conditions compared to healthy older adults [t(29) = 3.03, p = .005].
Similarly, discrimination was better by .18 for the within format
conditions (.32) compared to the across format conditions (.14)
in patients with AD, resulting in a greater difference between the
across and within format conditions compared to healthy older
adults [t(28) = 2.20, p = .031]. No significant difference was observed
between the within and across format conditions in the MCI group
compared to the AD group [t(29) < 1]. Fig. 1 shows accuracy (Pr) val-
ues for the within format and across format conditions for all three
groups.

In a similar manner to discrimination, to understand the effect
of form change on response bias (Br), we performed a repeated
measures ANOVA with the factors of Group (healthy older adults,
MCI, AD) and Condition (WW, PP, WP, PW). The ANOVA revealed
only an effect of Condition [F(3, 129) = 22.69, p < .001]. There was
no effect of Group [F(2, 43) = 1.15, p = .327] or interaction of Group
and Condition [F(6, 129) = 1.18, p = .322]. The effect of Condition
was present because response bias was more liberal for the PP
condition compared to the WW [t(45) = 3.25, p = .002] and WP
[t(45) = 8.52, p < .001] conditions. Response bias was also more
liberal for the WW condition compared to the WP condition
[t(45) = 4.34, p < .001], and for the PW condition compared to the

Fig. 1. Pr values for healthy older adults, patients with amnestic mild cognitive
impairment (MCI), and patients with Alzheimer’s disease (AD) on the four study-
test conditions. PP: picture–picture, WW: word–word, PW: picture–word, WP:
word–picture.

Fig. 2. Br values (negative values equate to a conservative response bias and posi-
tive value equate to a liberal response bias) for healthy older adults, patients with
amnestic mild cognitive impairment (MCI), and patients with Alzheimer’s disease
(AD) on the four study-test conditions. PP: picture–picture, WW: word–word, PW:
picture–word, WP: word–picture.

WP condition [t(45) = 7.93, p < .001]. Overall, subjects demonstrated
a more liberal response bias for the within format conditions com-
pared to the across format conditions [t(45) = 3.70, p = .001]. Fig. 2
shows response bias (Br, Snodgrass & Corwin, 1988) values for the
within form and across form conditions for all three groups. Neg-
ative values indicate a conservative response bias, while positive
values indicate a liberal response bias.

4. Discussion

The goal of the current study was to examine the role of per-
ceptual and conceptual-based familiarity for pictures and words
in patients with aMCI and mild AD. Ally, McKeever, et al. (2009)
found that the ERP correlate of familiarity for pictures, but not
words, was similar in patients with aMCI compared to healthy
older adults. It was hypothesized that this intact early frontal
effect for pictures reflected the ability of patients to use of famil-
iarity based on enhanced conceptual fluency of pictures during
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recognition. However, this argument was somewhat speculative
given evidence that semantic networks and conceptual fluency
may be somewhat impaired, and that perceptual fluency tends
to remain intact in these patients. In the present investigation,
utilizing the form change paradigm allowed us to examine per-
formance on within format conditions, in which patients would be
able to rely on conceptually based and perceptually based famil-
iarity, compared to across format conditions which are thought
to rely only on conceptually based familiarity in the absence of
recollection.

Consistent with our a priori hypothesis regarding percep-
tual and conceptual-based familiarity, discrimination in patients
with aMCI and AD suffered more from changes in stimu-
lus format than healthy older controls, with the discrepancy
of difference between within versus across format conditions
being almost double for both patient groups compared to
healthy older controls. It is very likely that in the absence of
recollection, increased perceptual processing fluency allowed
patients in the current study to perform significantly better on the
within format conditions compared to the across format conditions
through an enhanced sense of familiarity. As expected, analysis
of the within format conditions revealed that all groups showed
increased recognition for pictures compared to words. In fact, the
magnitude of this picture superiority effect was greater for the
patient groups compared to the healthy older adults, suggesting
a preferential sparing of picture memory compared to verbal or
word memory in patients. However, enthusiasm for this finding is
somewhat dampened by the fact that healthy older adults were
approaching ceiling on the PP condition.

For the across format conditions, consistent with previous work
in young adults (Ally & Budson, 2007; Mintzer & Snodgrass, 1999;
Schloerscheidt & Rugg, 2004), the cost of form change was sig-
nificant for all groups when stimuli were studied as words and
retrieved using pictures (WP) compared to when stimuli were stud-
ied and tested using pictures (PP). In contrast, all three groups
showed very little cost of form change when stimuli were studied as
pictures and retrieved using words compared to when stimuli were
studied and tested using words. Stated another way, there was no
difference in accuracy for the PW condition compared to the WW
condition. It has been speculated that the memorial power of pic-
tures can buffer the effects of stimulus form change through the use
of recollection (Ally & Budson, 2007; Rajaram, 1993; Schloerscheidt
& Rugg, 2004). This certainly may be the case in healthy individuals,
who can use recollection of studied pictures. However, what about
in patient groups who have severely impaired recollection?

For possible insight, we turn to the results of the form change
conditions. In a similar manner as healthy young adults (Mintzer
& Snodgrass, 1999; Schloerscheidt & Rugg, 2004; Stenberg et al.,
1995), all groups in the current study better remembered stimuli
presented as pictures at study with words as the test cue (PW)
than stimuli presented as words at study with pictures as the
test cue (WP). For the patient groups, who demonstrate signifi-
cant impairment in recollection, conceptual processing should be
the major contributing factor to recognition in these two condi-
tions. For example, in the PW condition one would expect both
conceptual and perceptual encoding at study, but only the ability
to rely on conceptual information at test. Similarly in reverse, in the
WP condition one would expect conceptual processing and possi-
bly a small contribution of perceptual processing at study, with
the ability to rely only on conceptual information at test. How-
ever, recognition accuracy for the patient groups was far greater
for the PW condition compared to the WP condition, suggesting
that there is something special about the encoding of pictures out-
side of perceptual distinctiveness. Although the patients with aMCI
showed a greater difference in performance between the PW and
WP conditions compared to the patients with AD, we suspect this

was likely due to the fact that patients with AD were at floor for the
WP condition.

We cannot discount the possibility that patients, particularly
those with aMCI, were able to use recollection of studied pic-
tures to improve performance on the PW condition compared to
the WP condition, however there is likely an alternative expla-
nation. Building on previous work in healthy memory, perhaps
we have specialized conceptual processing of pictures that dif-
fers from our conceptual processing of words (e.g., see Weldon &
Roediger, 1987), and this differential processing appears to remain
intact in patients with aMCI and mild AD. Alternatively, perhaps
our conceptual processing of words becomes differentially affected
during the early course of Alzheimer’s disease. Hamilton and Geraci
(2006) proposed that it may not be perceptual distinctiveness,
specifically, that provides the memorial advantage of pictures,
but rather this perceptual distinctiveness provides the basis for
information that is conceptually diagnostic of the item. This may
be extremely beneficial to patients with aMCI and AD. Whereas
these patients may have limited access to semantic information
or relationships, or perhaps even completely forget the mean-
ing of a word (Chertkow & Bub, 1990), pictures combat this by
providing easy access to semantic and conceptual meaning, infor-
mation, and relationships (Budson, Sitarski, Daffner, & Schacter,
2002). This conceptual distinctiveness process for pictures may
work to boost memory compared to words in patients with aMCI
and AD. In other words, pictures may provide patients with aMCI
and AD with numerous benefits that enhance processes that could
be impaired in the disease and affect their memory for words (e.g.,
disordered semantic networks, impaired mental image generation,
etc.).

Some support for this hypothesis comes form the results of the
response bias data. Here, all groups were significantly conserva-
tive for the WP condition. This is particularly surprising for patients
with AD, who are known to have a fairly consistent liberal response
bias for pictures and words (Beth, Budson, Waring, & Ally, 2009;
Budson et al., 2006). In the current study, patients with AD are lib-
eral for both of the within format conditions compared to healthy
controls. As discussed previously by Budson et al. (2006), this is
likely because perceptual or conceptual overlap between studied
items and unstudied items on within format conditions drives an
aberrant sense of familiarity in AD patients (see also Lekeu et al.,
2003). However, in the current study, patients with AD become con-
servative in the form change conditions (near neutral for the PW
condition, but more conservative than healthy controls). On these
conditions, patients likely shift to a more conservative bias because
the ability to use perceptual fluency driven familiarity during mem-
ory judgments is drastically reduced. On the WP condition, patients
not only have significantly reduced ability to use perceptual flu-
ency, but also possible impairment in the conceptual processing of
words (Chertkow & Bub, 1990). If patients have disrupted semantic
networks or cannot recall the meaning of a word, the pictures at
test may not generate a sense of familiarity.

As briefly mentioned above, one limitation to this hypothesis
that conceptual driven familiarity is a major force behind superior
memory for pictures compared to words in AD is the possibility that
patients with aMCI and AD could possibly have been using recol-
lection to help support recognition on the form change conditions.
If this were true, the fact that performance was better for the PW
condition compared to the WP condition certainly fits well with
previous literature in healthy older adults. Ally et al. (2008) used
event-related potentials to show that pictures at study enhance
recollection compared to words in healthy older adults. Perhaps
pictures worked to increase the ability to use recollection in our
patient groups for the PW condition compared to the WP condi-
tion in the current study. At the very least, pictures could work
to increase the amount recollection experienced by the patients,
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giving support to their increased sense of familiarity or increasing
confidence in their memories. In addition to examining the possibil-
ity of using recollection to increase performance for pictures in our
patient populations, we should also acknowledge that given mul-
tiple directed comparisons between the three groups on our four
conditions invites the possibility of Type I error and warrants inde-
pendent replication. Follow-up studies are encouraged to use larger
sample sizes and potentially include both objective and subjective
measures of recollection and familiarity to further understand the
form change paradigm in patients with aMCI and AD.

The results of the current investigation raise several poten-
tial questions worthy of future investigation. One potential query,
with relevance to the robust picture superiority effect reported
in patients with aMCI and AD (Ally, Gold, & Budson, 2009b), is
whether patients with aMCI and AD demonstrate enhanced con-
ceptual processing of pictures, or diminished conceptual processing
of words? If, as Voss and Paller (2006, 2007, 2008) speculate, the
early frontal ERP old/new effect actually reflects conceptual pro-
cessing and not memorial familiarity specifically, then the findings
of Ally, McKeever, et al. (2009) in combination with the current data
suggest that conceptual processing of words is likely impaired. This
is consistent with previous research reporting degraded semantic
networks and possibly weakened conceptual fluency in patients
with very mild AD (Chertkow & Bub, 1990). As it relates to the
sense of familiarity, it is possible that intact conceptual process-
ing of pictures leads to an enhanced sense of familiarity, whereas
impaired conceptual processing of words does not. Some support
for this hypothesis comes from an analysis of studies of familiar-
ity in aMCI and mild AD. Methodologies using words as stimuli
generally find impaired familiarity (Algarabel et al., 2009; Ally,
Gold, & Budson, 2009a; Wolk et al., 2008), whereas the majority of
studies demonstrating relatively preserved familiarity have used
pictures as stimuli (Ally, McKeever, et al., 2009; Anderson et al.,
2008; Westerberg et al., 2006).

In summary, the results of the current study suggest that
patients with aMCI and mild AD can successfully use increased per-
ceptual and conceptual-based familiarity to perform significantly
better on within format conditions compared to the across format
conditions. Further, these patient groups demonstrated intact con-
ceptual processing of pictures that helped them to overcome the
deleterious effects of form change on recognition performance in
a similar manner as healthy older adults. However, the question
still remains as to whether patients demonstrate relatively intact,
or even enhanced conceptual processing of pictures or alterna-
tively, whether these patients have impaired conceptual processing
of words. Indirect evidence suggests that conceptual processing
of words is likely impaired due to degraded semantic networks.
Future research should be aimed at understanding how these
processes interact with familiarity based recognition memory in
patients with aMCI and AD. This understanding of which memo-
rial processes are impaired and which remain relatively intact in
patients is critical to our understanding of the disease process as
well as our work as clinicians. Perhaps future behavioral strategies
and interventions, can be aimed at boosting this relatively pre-
served picture memory system with the goal of helping patients
lead more independent and engaged lives.
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