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bstract

High-density event-related potentials (ERPs) were used to understand the effect of aging on the neural correlates of the picture superiority effect.
ictures and words were systematically varied at study and test while ERPs were recorded at retrieval. Here, the results of the word–word and
icture–picture study-test conditions are presented. Behavioral results showed that older adults demonstrated the picture superiority effect to a
reater extent than younger adults. The ERP data helped to explain these findings. The early frontal effect, parietal effect, and late frontal effect were
ll indistinguishable between older and younger adults for pictures. In contrast, for words, the early frontal and parietal effects were significantly
iminished for the older adults compared to the younger adults. These two old/new effects have been linked to familiarity and recollection,

espectively, and the authors speculate that these processes are impaired for word-based memory in the course of healthy aging. The findings of this
tudy suggest that pictures allow older adults to compensate for their impaired memorial processes, and may allow these memorial components to
unction more effectively in older adults.

2007 Elsevier Ltd. All rights reserved.
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. Introduction

For more than 30 years the picture superiority effect has
emonstrated that subjects are more likely to remember items if
hey are presented as pictures versus words (Shepard, 1976; see

intzer & Snodgrass, 1999, for review). Recent research has
ocused on understanding the memorial processes that underlie
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

his picture superiority effect (Ally & Budson, 2007; Langley et
l., in press). Investigations into episodic memory from a dual-
rocess perspective have provided fairly convincing evidence
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hat familiarity and recollection provide independent bases of
he recognition of studied items (Woodruff, Hayama, & Rugg,
006; Yonelinas, 2002). Familiarity has been described as an
contextual sense that a test item has been seen before, whereas
ecollection has been described as the retrieval of contextual
nformation about a studied item at test (Woodruff et al., 2006).
sing high-density event-related potentials (ERPs), Ally and
udson (2007) suggested that pictures enhanced recollection
ompared to words, serving as the neural basis of the picture
uperiority effect in young adults. Older adults also demonstrate
he picture superiority effect (Park, Puglisi, & Sovacool, 1983;
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

inograd, Smith, & Simon, 1982). However, many studies have
uggested that recollection is impaired in the course of healthy
ging (Craik & Jennings, 1992; Light, 1991). The primary goal
f the current study was to investigate the effect of aging on the

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
mailto:bally@bu.edu
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eural correlates of the picture superiority effect. We hoped to
etermine whether the increased memory for pictures in older
dults was due to enhanced recollection of studied items, or
hether it was attributable to enhancement of other memorial
rocesses, such as familiarity or post-retrieval verification and
onitoring.
Although it is widely acknowledged that aging has an adverse

ffect on episodic memory (Balota, Dolan, & Duchek, 2000;
raik & Jennings, 1992; Light, 1991; Smith, 1996), exactly how
ging affects the processes of recognition memory has been the
ubject of some debate. Researchers have demonstrated that rec-
llection remains intact in some groups of healthy older adults
Cabeza, Anderson, Locantore, & McIntosh, 2002; Davidson

Glisky, 2002; Duarte, Ranganath, Trujillo, & Knight, 2006).
owever, the majority of studies report that recollection is gen-

rally impaired with age, while familiarity is spared (Daselaar,
leck, Dobbins, Madden, & Cabeza, 2006; Howard, Bessette-
ymons, Zhang, & Hoyer, 2006; Jacoby, 1999; Jennings &
acoby, 1993; Jennings & Jacoby, 1997; Rybash & Hoyer, 1996;
pencer & Raz, 1995; Titov & Knight, 1997; Yonelinas, 2001;
ut see Light, Prull, La Voie, & Healy, 1999).

Recent studies have used different methodologies to better
nderstand familiarity in the context of aging (Duarte et al.,
006; Toth & Parks, 2006). The majority of the tasks used
n the laboratory to estimate familiarity rely on the ability to
ffectively report a confidence judgment or one’s subjective feel-
ng of familiarity. It has been suggested, however, that perhaps
lder adults are impaired in their ability to access or report on
he phenomenological experience of familiarity (Prull, Dawes,

artin, Rosenberg, & Light, 2006). Yet familiarity is generally
hought to be an automatic/obligate process, which likely occurs
hysiologically with or without one being able to report on the
henomenological experience of familiarity (Ally & Budson,
007; Ecker, Zimmer, Groh-Bordin, & Meckinger, 2007; Toth,
996; Yonelinas, 2002; Yonelinas & Jacoby, 1996). In other
ords, the neural correlate of familiarity is likely to occur in
lder adults even if they are impaired in their ability to report
he subjective feeling of familiarity. The use of a physiologic

easure of familiarity might eliminate the need to use subjective
eports.

Due to their excellent temporal resolution, ERPs have
ecently been used to dissociate the processes of familiarity and
ecollection with a variety of different stimuli and experimental
anipulations (Ally & Budson, 2007; Duarte et al., 2006; Li,
orcom, & Rugg, 2004; Woodruff et al., 2006). In addition to

elping us understand when specific cognitive processes may
ccur with precise time sensitivity, ERPs can help to elucidate
he duration and interaction of these cognitive processes. The
iterature reports that ERPs elicited by correctly classified old
tems (studied) are more positive in nature than ERPs elicited by
orrectly classified new items (unstudied) (Friedman & Johnson,
000). This ERP phenomenon is referred to as the “old/new
ffect.” Researchers suggest that a neural correlate of familiarity
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

s an enhanced old/new effect peaking around 400 ms at bilat-
ral frontal electrode sites, that appears to precede controlled
ttempts by the individual to recollect information (Curran,
000; Friedman & Johnson, 2000; Rugg et al., 1998). Some
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esearchers have referred to this component as the “N400” or
FN400;” we will refer to this component as the early frontal
ffect. Previous research has shown that more familiar unstud-
ed test items elicited a larger early frontal effect than unfamiliar
nstudied items (Curran, 2000; Goldmann et al., 2003). Further,
uzel, Yonelinas, Mangun, Heinze, and Tulving (1997) asked

ubjects to make either a “remember” judgment if they remem-
ered specific details of an item’s presentation at study, or a
know” judgment if they simply had a feeling of “knowing”
hat an item was shown at study but could not recollect details
f the item’s presentation. They found that responses associated
ith “know” judgments elicited a greater early frontal effect than

remember” judgments. Furthermore, a recent ERP study using
onfidence ratings suggested that the magnitude of the early
rontal effect varied directly with familiarity strength (Woodruff
t al., 2006).

Numerous studies have investigated the neural correlate
f recollection. The literature describes this correlate as an
nhanced old/new effect occurring maximally at left parietal
egions between 500 and 800 ms after test stimulus onset.
esearchers have often referred to this component as the “LPC;”
e will refer to this component as the parietal effect. This effect

s greater for items correctly identified as previously studied and
s relatively insensitive to alterations in familiarity (Woodruff et
l., 2006). Further, Duzel et al. (1997) found that the parietal
ffect was enhanced by responses associated with “remember”
udgments compared to “know” judgments. Some researchers
ave argued that the parietal effect indexes the amount of infor-
ation retrieved (Fjell, Walhovd, & Reinvang, 2005; Vilberg,
oosavi, & Rugg, 2006). Although it remains unclear exactly
hat role the parietal cortex is playing in recognition memory,

he parietal activity may reflect the reactivation of the stored
emory representation or the actual matching of representa-

ions stored in memory with perceptual representations of the
est items (Addis & McAndrews, 2006; Ally & Budson, 2007;
chnyer, Nicholls, & Verfaellie, 2005; Wagner, Shannon, Kahn,
Buckner, 2005).
When recollection is poor, difficult, or additional informa-

ion is needed at retrieval, subjects must engage in post-retrieval
rocessing. It has been suggested that post-retrieval monitoring
nd verification operates on the product of a retrieval attempt
y holding information in working memory while it is evalu-
ted for task relevance (Achim & Lepage, 2005). ERP studies
uggest that a late right frontal old/new effect between 1000 and
800 ms is associated with the ongoing evaluation and monitor-
ng of the product of the retrieval attempt, particularly when the
ontents of memory are evaluated for specific features or details
Allan, Wilding, & Rugg, 1998; Rugg & Wilding, 2000; Wilding

Rugg, 1996). More recently, investigators have reported evi-
ence of this late frontal effect despite unsuccessful recollection,
nd suggested that in addition to ongoing evaluation, this activ-
ty may reflect an executive search function of the frontal lobes
irecting subsequent retrieval attempts (Ally & Budson, 2007;
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

udson et al., 2005; Goldmann et al., 2003; Li et al., 2004).
Research focusing on ERPs and recognition memory in older

dults has mainly focused on the parietal and late frontal effects.
ost of these studies have reported an attenuation of the parietal

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
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ffect in older adults (Fjell et al., 2005; Joyce, Paller, McIsaac,
Kutas, 1998; Morcom & Rugg, 2004; Nielsen-Bohlman &

night, 1995; Rugg, Mark, Gilchrist, & Roberts, 1997; Senkfor
Van Petten, 1998; Swick & Knight, 1997; but see Mark &

ugg, 1998; Trott, Friedman, Ritter, & Fabiani, 1997), con-
istent with behavioral reports of impaired recollection. There
as been a long-standing suggestion that a decline in the atten-
ional resources allocated at encoding (Park, Smith, Dudley, &
afronza, 1989; Salthouse, 1994) may be responsible for mem-
ries with less supportive or contextual information than those
f younger adults (Craik, Naveh-Benjamin, Ishaik, & Anderson,
000; Li et al., 2004; Light, 1991). One explanation for dimin-
shed recollection, based on ERP findings in older adults, is that
here is an age-related decrease in the quantity or quality of
nformation retrieved (Fjell et al., 2005).

The majority of ERP studies have suggested that the late
rontal effect associated with recognition memory is relatively
naffected by age when source information is not needed at test
Li et al., 2004; Mark & Rugg, 1998; Morcom & Rugg, 2004;

olk et al., 2005). These findings are consistent with imaging
tudies investigating episodic memory in older adults (Cabeza
t al., 2002; Madden et al., 1999). In fact, Cabeza et al. (2002)
eported that older adults may actually engage bilateral frontal
egions as opposed to the right hemispheric dominance observed
n younger adults, presumably to compensate for impairment of
ther brain processes.

To our knowledge, only two studies have commented on
he early frontal effect and familiarity in healthy older adults.

orcom and Rugg (2004) found no difference in ERP amplitude
uring the 300–500 ms time interval between older and younger
dults, suggesting that familiarity is intact in older adults. How-
ver, using a remember/know paradigm to understand memory
or grayscale pictures, Duarte et al. (2006) reported that older
dults did not exhibit the neural activity associated with familiar-
ty during a 100–500 ms post-stimulus interval that was observed
n younger adults.

To achieve the overall goal of understanding the effect of
ging on the picture superiority effect, we compared the behav-
oral performance and the electrical activity of the brain in
ealthy older adults to that of the younger adults from Ally
nd Budson (2007). Behaviorally, we expected that like younger
dults, older adults would also demonstrate the picture superior-
ty effect. For the ERP results, we expected that the early frontal
ffect would be similar for younger and older adults for both
ictures and words, reflecting older adults’ intact ability to use
amiliarity when making memorial judgments. We also expected
hat the late frontal effect would be similar in both groups or
ossibly enhanced for the older adult group, due to older adults’
otential need for additional post-retrieval processing compared
o younger adults. However, we predicted that the parietal effect
ould be significantly diminished for pictures and words for

he older adults compared with the younger adults, reflecting
he older adults’ relatively impaired recollection. Finally, we
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

ypothesized that the increased memory for pictures in older
dults would be due to the ability of pictures to enhance the early
nd late frontal effects relative to words. This would reflect and
ncreased ability of older adults to rely on familiarity and post-
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etrieval processing to compensate for impaired recollection of
ictures compared to words.

. Materials and methods

.1. Design overview

The experimental design systematically varied words and pictures at
tudy and test to generate four separate study-test conditions: word–word;
icture–picture; word–picture; picture–word. All conditions presented 50 stim-
li at study and 100 stimuli at test (50 old, 50 new). Older adults completed the
our study-test conditions in two 1.5 h sessions over the course of 2 days, with
reaks between each condition. High-density ERPs were recorded at test.

.2. Subjects

Seventeen older adults (10 female) with a mean education of 16 years and an
ge range of 69–83 (mean 74.17) participated in the experiment. Subjects were
xcluded if they had a first-degree relative with a history of a memory disorder or
lzheimer’s disease, if they had a significant history of cerebrovascular disease
r another neurodegenerative disorder, or if they were currently being treating
or a psychiatric disorder such as depression. All subjects were right-handed,
nglish was their native language, and subjects were required to have corrected
0/30 or better color vision. The study was approved by the human studies
ommittee of the Edith Nourse Rogers Memorial Veterans Hospital. All subjects
ave IRB-approved informed consent before participating in the study, and were
ompensated at the rate of US$ 25 per hour. To understand the effect of aging
n the picture superiority effect, the current study utilized the younger adults
rom Ally and Budson (2007). These seventeen younger adults (7 female) had
mean education of 14 years and ranged in age from 18 to 25 (mean 21.24).

The older adults completed a brief neuropsychological battery to confirm
ognitive functioning in the average range. These tests were administered in
separate 45 min session. Subjects were first administered the Mini Mental

tate Examination (Folstein, Folstein, & McHugh, 1975), on which a minimum
core of 27 was required for participation. Subjects were then administered
he CERAD word list memory test (Morris et al., 1989), Trail Making Test
art B (Adjutant General’s Office, 1944), Verbal Fluency (Monsch et al., 1992)
nd the 15-item Boston Naming Test (Mack, Freed, Williams, & Henderson,
992). Mean scores (and standard deviations) for the older adult group on our
europsychological battery were the following: MMSE = 29.33 (0.84); CERAD
ord list immediate recall over 3 trials/30 = 22 (3.12), delayed recall/10 = 7.25

1.51), recognition/10 = 9.75 (0.41); trails B = 89.58 (33.39) seconds; word flu-
ncy to letters (F, A, S) = 47.65 (7.34); word fluency to categories (animals,
ruits, vegetables) = 50.06 (11.73); 15 item Boston Naming Test = 14.53 (0.97).

.3. Experimental material and methods

The color pictures used in the current study were the same stimuli set used
y Ally and Budson (2007) and were obtained from a previous stimuli set used
y Gallo, Kensinger, and Schacter (2006). The pool of experimental stimuli
onsisted of 480 color pictures of nameable objects (nouns) and 480 words
orresponding to the names of the objects. From the total pool, 400 pictures
ere randomly selected. The 400 pictures were then piloted in a naming study

nvolving 5 young adults prior to Ally and Budson (2007). Pictures with poor
aming scores were replaced as needed. The final 400 items were counterbal-
nced across each of the four study-test conditions. The studied and unstudied
tems and condition order were also counterbalanced across subjects. Color pic-
ures were presented in central vision on a white background, with an average
eight of 13 cm and an average width of 15 cm. Words were presented in central
ision in black uppercase letters 4 cm in height, also on a white background. All
timuli were presented on a 21 in. flat screen computer monitor positioned 48 in.
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

rom the subject.
During the study portion of all conditions, subjects were asked to make

ike/dislike judgments of the stimuli, and asked to remember the stimuli for a
ubsequent memory test. Each trial began with a 1000 ms fixation character (“+”)
rior to the presentation of study stimuli. Study stimuli were then presented for

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
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000 ms followed by the question, “Do you like this item?” Subjects were then
rompted to button press to signify their like/dislike judgment.

Each test trial began with a 1000 ms fixation character (“+”) prior to the
resentation of the stimuli. Test stimuli were presented for 1500 ms, followed
y the question, “Is this item old or new?” Subjects were then prompted to but-
on press to signify their old/new judgment. Subjects were asked to hold their
ld/new response until the question appeared immediately after stimuli presen-
ation to minimize response-related ERP artifact during the commonly used
800 ms epoch. We acknowledge that asking participants to keep their response
in mind,” or alternatively, inhibiting their natural inclination to respond before
he prompt may affect the electrophysiological data; particularly the late frontal
ffect. However, presumably because subjects would be engaging in this activity
n all trials, this is less important in the old/new differences waves and topogra-
hies as this activity should be removed when subtracting correct rejections from
its.

.4. ERP procedure

Subjects were seated in a hardback chair and fitted with an Active Two
lectrode cap (Behavioral Brain Sciences Center, Birmingham, UK). A full
rray of 128 Ag-AgCl BioSemi (Amsterdam, The Netherlands) “active” elec-
rodes were connected to the cap in a pre-configured montage which places each
lectrode in equidistant concentric circles from 10 to 20 position Cz (Fig. 1).
ctive electrodes are amplified through the electrode at the source and do
ot require abrading of the skin or measuring skin-electrode impedance lev-
ls. In addition to the 128 scalp electrodes, two mini-biopotential electrodes
ere placed on each mastoid process. Finally, vertical and horizontal EOG

ctivity was recorded from bipolar electrodes placed below the left eye and
n the outer canthus of the left and right eye. EEG and EOG activity was ampli-
ed with a bandwidth of 0.03–35 Hz (3 dB points) and digitized at a sampling
ate of 256 Hz. Recordings were referenced to a vertex reference point, but
ere later re-referenced to a common average reference to minimize the effects
f reference-site activity and accurately estimate the scalp topography of the
easured electrical fields (Curran, DeBuse, Woroch, & Hirshman, 2006; Dien,

998).
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

The sampling epoch for each test trial lasted for a total of 2000 ms, which
ncluded a 200 ms pre-stimulus baseline period. This pre-stimulus period was
sed to baseline correct averaged ERP epochs lasting 1800 ms. ERPs were aver-
ged and corrected using the EMSE Software Suite (Source Signal Imaging, San
iego, CA, USA). Trials were corrected for excessive EOG activity using the

ig. 1. Positions of the 128 electrodes on the bio-semi active two headcap with
he eight regions of interest shown.
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mpirical EMSE Ocular Artifact Correction Tool, in which artifact data are man-
ally identified from the clean data by the investigator. The Ocular Artifact Tool
hen produces a logarithmic ratio of artifact data versus clean data and subtracts
rtifact data from all channels where it is detected. Trials were discarded from
he analyses if they contained baseline drift or movement greater than 90 �V.
ndividual bad channels were corrected with the EMSE spatial interpolation
lter.

. Results

Previous research has shown that when study and test
odality are not matched, such as in the picture–word and
ord–picture conditions, the neural correlates of recogni-

ion memory are profoundly affected (Ally & Budson, 2007;
chloerscheidt & Rugg, 2004). These two conditions were not
elevant to the current investigation, and therefore were not pre-
ented. To better understand the effect of aging on the neural
orrelates of the picture superiority effect, only the results of the
ord–word and picture–picture conditions were analyzed.

.1. Behavioral performance

Recognition accuracy was calculated using the straightfor-
ard discrimination index Pr (%hits − %false alarms; Snodgrass
Corwin, 1988), and was used to compare the performance

f the older adults in the current study to the performance
f the younger adults in Ally and Budson (2007). A repeated
easures ANOVA with the factors of group (old, young) and

ondition (word–word, picture–picture) was performed. Follow-
p t-tests were performed as necessary. Results revealed no
ffect of group [F(1, 16) < 1], but an effect of condition [F(1,
6) = 11.290, p = 0.002], indicating that pictures were better
emembered than words for both groups. There was also an
nteraction of group and condition [F(1, 32) = 8.459, p = 0.007],
ndicating that the magnitude of the picture superiority effect
as greater for older adults than for younger adults. Follow-up

-tests revealed that there was a trend towards worse per-
ormance on the word–word condition for the older adults
t(32) = 1.767, p = 0.089], but no difference between groups in
ccuracy on the picture–picture condition [t(32) < 1]. Further
nalyses of the older adults data revealed that there was no
ifference in the false alarm rate between the word–word and
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

icture–picture conditions [t(16) < 1], but that there was a signif-
cantly greater number of hits for the picture–picture condition
t(16) = 4.459, p < 0.001]. Table 1 shows the behavioral data for
oth groups.

able 1
ehavioral performance using index Pr (%hits − %false alarms)

ondition Accuracy (Pr)

Older adults Younger adults

ord–word 0.81 0.86
icture–picture 0.90 0.88
ord–picture 0.72 0.80

icture–word 0.82 0.87

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
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.2. ERP results

ERP analysis was guided by previous research and began
ith ANOVAs performed on selected time intervals (300–500,
00–800, 1000–1800 ms). These time intervals have been pre-
iously associated with the three components of the old/new
RP effect (early frontal effect, parietal effect, late frontal effect,

espectively) as described above (Budson et al., 2005; Curran et
l., 2006; Curran, 2000, 2004). Mean amplitudes were calcu-
ated for these three time intervals, which were then averaged
cross groups of electrodes that formed eight separate regions of
nterest [left anterior inferior (LAI), right anterior inferior (RAI),
eft anterior superior (LAS), right anterior superior (RAS), left
osterior superior (LPS), right posterior superior (RPS), left pos-
erior inferior (LPI) and right posterior inferior (RPI)]. Each
egion of interest (ROI) consisted of a seven-electrode clus-
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

er. See Fig. 1 for scalp topography of the eight ROIs. Regions
ncluded in the ANOVA depended on the time interval of interest,
uch that only the four anterior regions were used for the early

s

o

Fig. 2. Older and young adult grand average hit and correct rejection ERP w
 PRESS
ogia xxx (2007) xxx–xxx 5

nd late frontal effects (LAI, RAI, LAS, RAS) and only the pos-
erior regions were used for the parietal effect (LPS, RPS, LPI,
PI). To understand the effect of aging on the neural correlates
f the picture superiority effect, we performed a repeated mea-
ures ANOVA with the factors of group (old, young), condition
W–W, P–P), item type (old, new) and ROI for our three time
ntervals. Follow-up t-tests were performed as necessary. Older
nd younger adults grand average hit and correct rejection ERP
aveforms for our two study-test condition comparisons can be

een in Figs. 2 and 3. In addition, old/new scalp topographies for
he older and younger adult groups can be seen in Fig. 4. Please
ote that all 50 ms topographic maps represent an average of
0 ms going forward from the labeled time, such that 0 ms is
he average from 0 to 49 ms, etc. Finally, results of the paired-
ample t-tests at each region of interest for the two study-test
ondition comparisons can be seen in Fig. 5. Only significant
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

tatistics will be discussed.
For the early frontal effect, the ANOVA revealed an effect

f item type [F(1, 32) = 13.490, p = 0.001], indicating that old

aveforms for the word–word condition for the eight regions of interest.

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
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Fig. 3. Older and young adult grand average hit and correct rejection ER

tems were more positive than new items. There was also an inter-
ction of item type and condition [F(1, 32) = 5.235, p = 0.029]
uch that the difference between old and new items was greater
or the picture–picture condition than for the word–word condi-
ion, and an interaction of item type and ROI [F(3, 96) = 7.608,
= 0.001], indicating that old items were more positive than
ew items at superior frontal ROIs compared to inferior frontal
OIs (LAS, RAS > LAI, RAI). The ANOVA also revealed an
ffect of group [F(1, 32) = 27.634, p < 0.001] and an interaction
f group and ROI [F(3, 96) = 3.616, p = 0.035]. Finally, there
as an interaction of condition and ROI [F(3, 96) = 17.640,
< 0.001], indicating that frontal regions were more positive for

he picture–picture condition than for the word–word condition.
ollow-up analyses showed that the old/new effect was greater

n magnitude for the word–word condition at the left superior
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
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rontal (LAS) region [t(32) = 2.253, p = 0.031] for the younger
dults than for the older adults. There were no old/new differ-
nces in the picture–picture condition between the two groups.
ue to the interaction of item type and condition, we performed

e
w
t
3

eforms for the picture–picture condition for the eight regions of interest.

ost hoc t-tests at each frontal ROI within-subjects for the older
dults. Results of these analyses showed that the magnitude of
he early frontal effect was greater for the picture–picture condi-
ion than for the word–word condition at the two superior frontal
egions, LAS [t(16) = 2.809, p = 0.013] and RAS [t(16) = 3.152,
= 0.006].

Results of the ANOVA for the 500–800 ms time interval
evealed no main effect of item type. However, there was an
nteraction of item type and ROI [F(3, 96) = 5.246, p = 0.007],
nd a three-way interaction of item type, ROI and group
F(3, 96) = 4.764, p = 0.011] indicating that the scalp topog-
aphy of the parietal effect differed between the younger and
lder adults. Follow-up t-tests revealed that the old/new effect
or the word–word condition was larger in magnitude for
he younger adults than for the older adults at the left pari-
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

tal (LPS) region [t(32) = 2.322, p = 0.027], whereas this effect
as greater in magnitude for the older adults compared to

he younger adults at the right occipital (RPI) region [t(32)
.063, p = 0.005]. There were no between-group differences

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
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Fig. 4. Older and younger adult old/new scalp topography maps for (a) word–word and (b) picture–picture conditions. Topographies are presented in 50 ms averages
going forward.

Fig. 5. Topographic maps displaying the between-subject significance levels of the t-test comparisons [t(32)] between old/new scalp topographies for word–word and
picture–picture comparisons. The maps show each region of interest during each time interval of interest. Clear p-values indicate a positive t-statistic, cross-hatched
p-values indicate a negative t-statistic.
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n the parietal old/new effect for the picture–picture condi-
ion.

For the late frontal effect, the ANOVA for the 1000–1800 ms
ime interval revealed an effect item type [F(1, 32) = 4.722,
= 0.037] such that old items were more positive than new

tems. There was also an interaction of item type and ROI
F(3, 96) = 25.214, p < 0.001] indicating that old items were
ore positive than new items at right frontal regions com-

ared to left frontal regions (RAI, RAS > LAI, LAS). The
NOVA also revealed an effect of group [F(1, 32) = 11.529,
= 0.002], an interaction of group and ROI [F(3, 96) = 3.637,
= 0.029] and a three-way interaction of group, ROI and condi-

ion [F(3, 96) = 4.200, p = 0.025]. Follow-up t-tests revealed that
oth groups showed the typical old/new effect at right frontal
egions, but that both groups showed a reverse old/new effect
new items more positive than old items) at left frontal regions.
his reverse old/new effect for the word–word condition was
arginally smaller in magnitude for the older adults compared

o the younger adults at the left inferior frontal (LAI) region
t(16) = 1.993, p = 0.055]. There were no between-group differ-
nces in the late frontal old/new effect for the picture–picture
ondition.

. Discussion

The present study set out to better understand the effect of
ging on the neural basis of the picture superiority effect. To
ccomplish this, we examined the recognition memory perfor-
ance and the electrical activity of the brain during recognition

f pictures and words in healthy older adults compared to
ounger adults. Our behavioral results showed that although
oth groups demonstrated a clear picture superiority effect, the
lder adults benefited from pictures to a greater extent than
he younger adults. Memory accuracy was similar, but numeri-
ally better, for the older adult group compared to the younger
dult group for pictures. However, for words, memory accu-
acy trended towards worse performance for the older adults
ompared to the younger adults. The ERP results helped to
xplain these behavioral findings. We found no differences in
he early frontal effect, the parietal effect, or late frontal effect
etween-subjects for the picture–picture condition, and the scalp
opographies showed a similar pattern of activity throughout the
ampling epoch for both younger and older adults. However, the
esults revealed several significant differences between the two
roups for the word–word condition.

Between-group differences for the word–word condition
ere evident during the early frontal effect 300–500 ms time

nterval. Here, there was a larger old/new effect for the younger
dults than for the older adults at left superior frontal elec-
rode sites. The scalp topographies for the word–word condition
howed a robust old/new effect for the younger adult group
t bilateral frontal regions from approximately 300–450 ms. In
ontrast, the scalp topographies for the older adults during this
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

ime interval showed a more right lateralized old/new effect that
as not as robust as the young adults. This time interval has
een previously associated with familiarity, and the results sug-
est that perhaps the process of familiarity for words is relatively

r
a
r
f
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mpaired in the older adult group. To further aid our understand-
ng of the picture superiority effect in older adults, we turn now
o our within-subject comparisons between the word–word and
icture–picture conditions. Here, we found that pictures were
ble to “restore” the impaired old/new differences at bilateral
uperior frontal electrode sites observed with words.

We also found distinct parietal effect differences between
he two groups for the word–word condition. Here, the old/new
ffect was larger at left parietal electrode sites for the younger
dults compared to the older adults. However, the old/new effect
as larger for the older adults compared to the younger adults

t right occipital electrode sites. The scalp topographies showed
hat the parietal effect begins earlier and is much more robust
or the younger adults for the word–word condition. In addition,
he older adults initially showed weak parietal activity and then
howed pronounced occipital activity. This increase in parieto-
ccipital activity during a recognition memory task is consistent
ith recent fMRI (Daselaar, Fleck, & Cabeza, 2006; Daselaar,
leck, Dobbins, et al., 2006; Yonelinas, Otten, Shaw, & Rugg,
005) and magnetoencephalographic (Aine et al., 2006) evi-
ence in healthy older adults. We believe that there are three
ikely hypotheses – which may be different facets of the same
henomena – as to what might be contributing to this robust
osterior activity during the word–word condition.

First, this parieto-occipital activity might reflect differences
n the process of recollection for older and younger adults. Li et
l. (2004) suggested that older and younger adults might differ in
he types of information they attempt to retrieve. These authors
peculated that whereas younger adults tend to rely on retrieval
f abstract or conceptual information, older adults tend to rely on
etrieval of visual and perceptual information. This suggestion
s supported by research demonstrating that aging affects con-
eptual, but not perceptual memory processes (Stuart, Patel, &
hagrath, 2006). If older adults are attempting to retrieve more
erceptual-type information, this may account for the shift to
ore posterior or occipital activity during recollection.
A second hypothesis for the enhanced parieto-occipital activ-

ty is that older adults are attempting to reactivate a visual
epresentation or mental image of the studied item. Previ-
us imaging research has shown that primary visual areas are
ctivated when subjects engage in mental imagery (Kosslyn,
hompson, Kim, & Alpert, 1995), and these regions are reac-

ivated at retrieval (Johnson & Rugg, 2007). If older adults are
ware of their degraded verbal memory, perhaps mental imagery
ight be used as a strategy to help boost their verbal memory.
Finally, the enhanced occipital activity might reflect an

ncreased activation of familiarity-based areas of the brain.
aselaar, Fleck, Dobbins, et al. (2006) used fMRI to dissoci-

te familiarity and recollection within posterior brain regions
nd found that activations associated with familiarity in parieto-
ccipital regions were preserved in aging, whereas activations
ssociated with recollection in parieto-temporal regions were
ttenuated. In fact, the authors reported that parieto-occipital
ctures: Using high-density event-related potentials to understand the
, doi:10.1016/j.neuropsychologia.2007.09.011

egions associated with familiarity actually showed increased
ctivation, perhaps compensating for reduced activation of
egions associated with recollection. The close proximity of the
amiliarity-related parieto-occipital region to secondary visual

dx.doi.org/10.1016/j.neuropsychologia.2007.09.011
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ortex may implicate this region in visuo-perceptual functions
Daselaar, Fleck, Cabeza, 2006; Daselaar, Fleck, Dobbins, et
l., 2006). This is consistent with Yonelinas (2002) who sug-
ested familiarity is more dependent on perceptual processes.
hether one or all of these related hypotheses are correct

emains unclear. Future studies examining these possibilities
ould help to explain the robust parieto-occipital activity seen
n older adults during the 500–800 ms time interval.

Both a diminished parietal effect and impaired recollection
f words have been reported in older adults (Daselaar, Fleck,
abeza, 2006; Daselaar, Fleck, Dobbins, et al., 2006; Fjell et
l., 2005; Joyce et al., 1998; Madden et al., 1999; Morcom &
ugg, 2004; Rugg et al., 1997; Swick & Knight, 1997). Fjell et
l. (2005) found that not only was the parietal effect for words
iminished in older adults aged 70–82, but also that there was
linear decline in the parietal effect evident in middle-aged

ubjects from 46 to 69 years of age. The authors suggested
hat the amount of information retrieved likely decreases with
ge. A long-standing hypothesis for impaired recollection in
lder adults is that there is an age-related decline in atten-
ional resources at encoding (Park et al., 1989; Salthouse, 1994).
ndeed, if attentional resources were not effectively allocated
uring encoding, the retrieval of the studied item would be diffi-
ult. However, the retrieval of distinctive stimuli such as pictures
ay not have the same attentional requirements as word stimuli

nd may make it easier for older adults to recollect them. While
e do not believe older adults are incapable of using recollec-

ion to support their memorial decisions regarding words, it is
ikely that the overall quantity and/or quality of their recollective
xperience is greatly diminished in this modality compared to
ictures.

The late frontal effect has been associated with post-retrieval
onitoring and verification, and is typically associated with a

obust old/new effect at right prefrontal electrode sites (Allan
t al., 1998; Rugg & Wilding, 2000; Wilding & Rugg, 1996).
e found no between-group differences at right frontal regions

uring the 1000–1800 ms time interval for either the word–word
r picture–picture conditions. These results are consistent with
umerous studies suggesting that the late frontal effect appears
o be less affected by age (Daselaar, Veltman, Rombouts,
aaijmakers, & Jonker, 2003; Li et al., 2004; Mark & Rugg,
998; Morcom & Rugg, 2004; Wolk et al., 2005). Recent
esearch has suggested that the late frontal effect may reflect
ther processes of the frontal lobes not related to post-retrieval
onitoring, such as decision making and memory confidence

Dobbins & Han, 2006; Fleck, Daselaar, Dobbins, & Cabeza,
006). Ally and Budson (2007) speculated that the late frontal
ffect may also reflect activity associated with executive pro-
essing that helps direct conscious memory retrieval or multiple
emorial search attempts. For the older adults in the current

tudy who appear to have impaired recollection of words, per-
aps the late frontal activity reflects prefrontal regions working
o confirm a response based on other processes such as familiar-
Please cite this article in press as: Ally, B. A., et al., Aging memory for pi
effect of aging on the picture superiority effect, Neuropsychologia (2007)

ty. Indeed, the frontal lobes have been implicated in response
nhibition (Shimamura, 1995), which is critical to the sup-
ression of responding based on familiarity alone. Numerous
nvestigations have found that the frontal lobes are involved in

A
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istinguishing between identical versus highly similar and famil-
ar items, and thus are important in avoiding false recognition
Budson et al., 2002; Delbecq-Derouesne, Beauvois, & Shallice,
990; Henson, Rugg, Shallice, Josephs, & Dolan, 1999; Henson,
hallice, & Dolan, 1999; Melo, Winocur, & Moscovitch, 1999;
arkin, Bindschaedler, Harsent, & Metzler, 1996; Parkin, Ward,
indschaedler, Squires, & Powell, 1999; Rapcsak et al., 1998;
apcsak et al., 2001; Schacter, Curran, Galluccio, Milberg, &
ates, 1996).

In conclusion, the results of the present investigation show
hat older adult memory accuracy for pictures was compara-
le to that of younger adults. However, memory for words was
omewhat impaired. Helping to explain these findings, our ERP
esults suggested that pictures enable older adults to engage
emorial neural systems in a very similar manner to young

dults. The early frontal effect, parietal effect, and late frontal
ffect were all indistinguishable between older and younger
dults for pictures. In contrast, for words, the early frontal and
arietal effects were significantly diminished for the older adults
ompared to the younger adults. These two old/new effects
ave been linked to familiarity and recollection, respectively,
nd our results suggest that these processes are impaired for
ord-based memory in the course of healthy aging. Our results

lso demonstrated that the late frontal effect is indistinguish-
ble for older adults and younger adults for both pictures and
ords. The late frontal old/new effect has been linked to sev-

ral retrieval and post-retrieval-based processes that may reflect
xecutive involvement in memory-related searches and deci-
ions. The findings of this study suggest that pictures can allow
lder adults to compensate for their impaired memorial pro-
esses, and may allow memorial components to function more
ffectively in older adults. These findings help us to understand
ealthy memory in older adults, and may serve as a model to
nderstand how memory is affected in diseases of aging such as
lzheimer’s. Future studies will be able to investigate whether
lder adults and memory-disordered patients can create their
wn pictures– by using mental imagery – to compensate for
heir impaired memory for words.
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