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Abstract

We examined performance in young and elderly on an imglieitical decision and an explici{recognition) memory

test. The difference in lexical decision times between old and new words was equivalent in the two groups, although
the elderly were slower. In both groups, recognition accutamyer in the elderly was higher following semantic than
nonsemantic encoding, whereas lexical decision times were unaffected. Divergent brain potentials for old and new
words during lexical decisions constituted a repetition effect, which reflected greater po$R®@y800 msfor old

words, particularly over the left hemisphere; this effect was smaller and later in the elderly. An electrophysiological
marker of enhanced recollection for words from the semantic encoding task took the form of a left-sided positivity
(500-800 mg The effect was smaller in the elderly than the young, providing an additional index of their impaired
recognition processes.

Descriptors: Memory, Aging, ERP, Lexical decision, Levels of processing

Memory loss is one of the most common complaints among the Gardiner, 1991; Mitchell, 1989 Age-related effects on implicit
elderly. Yet, delineating the various causes of age-related memortests are less consistent and appear to be more task dependent. For
deficits has proven remarkably difficult. Prime among the compli-example, when implicit memory is measured in word identification
cating factors is the discovery that the memory abilities of olderparadigms, young and elderly individuals do not diff@raf, 1990;
adults vary with what memories are queried and how memory id.ight & Singh, 1987, whereas in stem completion and word as-
assessed. In general, memory can be probed in two different wayspciation paradigms, elderly adults report fewer completions from
implicitly and explicitly. Explicit tests, such as recognition and among the studied words, showing less priming than younger adults
recall, make direct reference to the fact that an item was previouslyChiarello & Hoyer, 1988 However, Graf{1990 pointed out that
encountered. Implicit tests assess memory by measuring the effedts studies reporting reduced priming effects in the elderly, the
of past experience with an item on subsequent behavior withouteduction was proportionally less than that observed on explicit
reference to prior encounters with the item. Differential perfor-memory test performance.
mance on implicit and explicit tests of memory by patients with  Event-related potentidERP measures have also been used to
brain damage has led to the suggestion that the tests are subseniedestigate memory and aging. Most studies in younger adults
by nonidentical neural systerfGabrieli, Fleischman, Keane, Rem- have focused on explicit memory tests. The main finding has been
inger, & Morrell, 1995; Squire, 1992 an enhanced posterior positivity between 250 and 700 ms in the
One generalization about memory decline with normal agingERPs for old compared with new itenfRugg & Doyle, 1992;
has been that elderly individuals, like amnesic patients, exhibit &mith & Halgren, 1988 This ERP repetition effect is presumed to
disproportionate impairment on explicit relative to implicit mem- subsume the N400 component and the late positive component
ory tests. Indeed, younger adults often show a significant advandLPC) (Swick & Knight, 1997. Typically, with repetition N400
tage over older adults on several explicit measures of memoramplitude is reduced and LPC amplitude is incredsegl, Domal-
(Bowles & Poon, 1981; Chiarello & Hoyer, 1988; Graf, 1990; Javaski, Smith, & Halgren, 1991; Smith, Stapleton, & Halgren, 1986;
see Rugg, 1995, for reviewMoreover, the LPC is assumed to
contain overlapping contributions from the P3@6lated to target
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found that repeated itemsvords, nonwords, pictures, or fages differentially influences performance on implicit and explicit mem-
compared with unrepeated items are associated with a larger posry tests, and on corresponding ERPs.

itive potential between 300 and 600 ms over centroparietal scalp

sites, whether repetition is task-relevant or inciderigéntin &

McCarthy, 1994; Joyce, Paller, Mclsaac, & Kutas, 1996; Paller Methods

Kutas, & Mclsaac, 1995; Rugg, 1990; Rugg & Doyle, 1992; Rugg,
Furda, & Lorist, 1988; Rugg & Nagy, 1987, 1989; Smith & Hal-
gren, 1987, 1989; Smith et al., 1988 his ERP repetition effect is
enhanced by multiple presentations of the same {®emtin, Mos-
covitch, & Heth, 1992 and modulated by levels of processing
manipulationg Friedman, Hamberger, & Ritter, 1993; Hamberger

& Friedman, 1992; Rugg et al., 1988 \r/%ported by Paller et al., 1985The other group consisted of 9

Because, under some circumstances, ERP repetition effects ha
. . . women and 11 men between 60-79 years of @gean= 70.99
been found to vary with manipulations that affect performance on : .
. ) . recruited from adult classes, of whom all were right-handed but 11
explicit but not implicit memory tests, Paller and Kuté992

suggested that a large portion of them may index recollectionhad left-handed immediate family members. All seniors resided in

processes during the implicit testsee also Wilding, Doyle, & !ndependendt living fcondi:‘ions_, tr&_lI?sported themselves to the test-
Rugg, 1995; Wilding & Rugg, 1996In contrast, a small portion Ing site, and were free of major llinesses.

of the ERP repetition effect was shown to be modulated by manip- =~

ulations that affect performance on implicit but not explicit mea- Stimuli

sures of memoryPaller & Gross, 1998; Paller, Kutas, & Mclsaac, The stimuli and procedure were identical to those used in Paller
1998. Swick and Knight{1997) also proposed that modulations in et al. (1995, Experiment R There were three lists of 150 words
the early, or N400, portione-300-500 mgof the ERP repetition each. The assignment of these three lists to the three conditions
effect are related to priming, whereas those in the later, or LPC, portS€mantic study, nonsemantic study, and unstydiess counter-
tions (~500—800 mare related to recollection. balanced across subjects. Each list was balanced for word fre-

In ERP studies requiring responses to intermittent targets, reduency(Kucera & Francis, 1967and word length. Overall there
peated words universally yield larger positivities than novel wordsWere 165 low frequency wordgess than 7 occurrencésillion),
regardless of the age of the individual, although the effect typicallyl41 medium frequency wordg—24 occurrencegsillion), and 144
starts later in the elderlyFriedman et al., 1993; Friedman, Ham- high frequency wordgmore than 24 occurrencésillion). These
berger, Stern, & Marder, 1992; Hamberger & Friedman, 1992;included 192 five-letter words, 144 six-letter words, and 114 seven-
Rugg, Pearl, Walker, Roberts, & Holdstock, 199here is less of and eight-letter words. One hundred pseudowords were also used;
a consensus on whether or not the size of the ERP repetition effe@C Were presented only once and 50 were presented twice within
is influenced by normal aging. Some researchers have reporte@eir respective test blocks. All pseudowords were orthographi-
enhanced repetition effects in the elderly and attributed them t&@lly plausible. An additional 239 words of comparable length and
more extensive processing of repeated itéBrEdman et al., 1992, frequency were used as distractors during the recognition test.
1993, whereas others have observed no effect of(&geyg et al.,

1994. There are also variable results as to whether ERP repetitioRrocedure
effects change in duration with advancing age even when the sanfearticipants were told that the goal of the experiment was to mon-
task is used Friedman et al., 1993; Rugg et al., 1994 itor their brainwaves while they read words and created visual

These inconsistencies in the data from elderly subjects may bamages of the words in their minds. Following electrode applica-
due to differential engagements by various tasks of “priming” andtion, each participant was taken into a sound-attenuating chamber
“recollection” processes. In the current study, we systematicallyand seated in a recliner chair approximately 65 cm from the video
manipulated a variable known to influence explicit memory in monitor. They were instructed to minimize body movements and
order to ascertain if reductions in behavioral recognition due tablinks. Each experimental task was taught separately with several
aging are reflected in the portion of the ERP repetition effectpractice trials. For the study and test phases, a white rectangle
thought to index recollection. Specifically, we adopted the study<(4.2° X 1.2°) appeared in the center of the computer monitor.
test design used by Paller et 61995, in which semantic versus Words were presented inside the rectangle in upper-case letters
nonsemantic processing at study resulted in higher recognitiofvertical visual angle= 0.6°). The white rectangle appeared 3,000
accuracy but did not affect lexical decision priming. In that study,ms prior to the first word of each study and test block. Cues above
ERP amplitudes during the lexical decision t4&l0T) were not  the white rectangle reminded participants which hand to use for
only more positive for studied relative to new words starting at 300which response and which judgment to mdke., small or large
ms, but also more positive for words studied in the semantic tharsize, only 1 or 2 or more syllables, nonword or word, new oy.old
in the nonsemantic task. This differential ERP repetition effect wasAll responses were given via a button press with one or the other
interpreted as a sign of recollection. hand.

In the present study, we compared young and elderly groups on Participants were given 10 experimental blocks, each consist-
these memory and ERP measures. Based on the literature, vireg of a study phase and a test phase. During the study phase,
expected that the younger group would recognize more words thaparticipants performed both imagery and syllable tasks. In the
the elderly with associated ERP reductions primarily in the explicitimagery task, participants were asked to visualize the object rep-
portions of the repetition effect. We also anticipated that the rep+esented by the word and indicate whether the object was larger or
etition effect would have a later onset in the elderly given thesmaller than the video monitor. In the syllable task, participants
general slowing of processing and response with advanced agingere asked to decide whether a given word had one or more than
In short, we sought to determine the extent to which normal agingne syllable. In each study block, 15 words were studied in the

Participants

Two groups of 20 native English-speaking adults were paid for
taking part in a single, 3-hour experimental session. One group
consisted of 10 women and 10 men, aged 18-26 y@aean=
20.8, of whom 18 were right-handed and 6 had left-handed mem-
bers in their immediate familythe data from 11 of the 20 were
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image task and 15 were studied in the syllable task. The two tasks O Young Subjects @ Elderly Subjects
were alternated every other word and task order was counterbal- 1100
anced across participants. Words were presented for a duration of 1070
300 ms at a rate of one every 3,000 ms.

Each study phase was followed immediately by a modified
LDT in which the 30 words from the preceding study phase were
intermixed with 15 new words and 15 pseudowords. Participants 980
were asked to indicate as quickly as possible via button press 950
whether the letter string, presented for 300 ms, was a word or as %
pseudoword. Two seconds after word onset, the cues above the 9207
rectangle signaled the subject to indicate whether or not the item 890 ~ %

1040

101()J

had been seen in the previous study phase. 860 - %
The experiment concluded with a paper and pencil recognition

test in which participants were asked to circle words they remem- 830

bered seeing during the experiment. This recognition test consisted  soo A

of 539 words printed in 11 columns on a single sheet of paper. 0 d

|mu|gery SyII‘uble Ntlew
Electrophysiological Recordings Figure 1. Mean reaction times for youn@pen circlegdotted lineg and

Tin electrodes embedded in an elastic cap were used to makalderly subjectgclosed circlegsolid line) for lexical decisions to words
recordings from 13 scalp locations of the International 10-20 Sysstudied under the imagery and syllable conditions and to unstudied words.
tem(Jasper, 1958 lateral and midline frontal, central and parietal, Error bars indicate standard error of the mean.

and lateral temporal and occipital. The reference electrode was the

left mastoid, but recordings were re-referenced offline to averaged

left and right mastoids. Eye movements and blinks were monitored

by electrodes placed near the outer canthi of each eye and benedggsults

the right eye. Trials contaminated by artifacts were eliminatedl_exical Decision Performance

prior to averaging; such trials accounted for approximately 10% Ofrp o mean reaction times for young and elderly participants, col-
the trials in young and 15% in elderly participants. Blinks were lapsed across word frequency, are shown in Figur@He reaction
identified on a subject-by-subject basis by an algorithm that checkeﬁmes of the elderly group were significantly slower than those of
for amplitude of the potential from an electrode below the eYee young groupF (1,38 = 6.44,p < .02. The significant main
together with polarity inversion between this electrode and a Sit%ffect of study taskE (2,76 = 43.66,p < .001,e = 0.82, reflected

on the forehead. Electrical activity was amplified with a bandpassjgificantly faster reaction times for studied versus new words
of 0.01-100 Hz and digitized at a rate of 250 Hz. ERPs Wer€imagery ~40 ms faster than nev(1,38 = 41.87,p < .001;

computed for epochs extending from 100 ms prior to word onset t%yllable~44 ms faster than new,(1,38 = 68.39,p <.001. There

924 ms after word onset. Only ERPs recorded during the LDTy a5 ng difference between lexical decision times for syllable and
were analyzed and reported.

image task words and no interaction of task with age. The main
effect of word frequency was significarf,(2,76 = 17.64,p <
Statistical Analyses .001. A post hoc Tukey test showed that this effect was due to
For reaction time data, means and standard deviations for eadHgnificantly slower reaction times to low than either medium or
level of the examined factors were calculated over all correcthigh frequency wordglow = 902 ms; medium= 878 ms; high=
response trials. Analyses of varian@&@NOVAs) were conducted 883 m3g. Word frequency did not interact with age but did interact
on two levels of age grougyoung, elderly, three levels of  Wwith study taskF(4,152 = 2.82,p < .03,€ = 0.99, such that
study task (words studied under the image task, the syllablereaction times for low frequency words were significantly slower
task, or new words and three levels of word frequendjow, than those to medium and high frequency words for both the
medium, high. image, Lowx MediumF(1,39 = 22.13,p < .001, LowX High

For electrophysiological data, the mean amplitudes of varioug (1,39 = 7.99, p < .008, and new word conditions, Low
time intervals were calculated relative to the amplitude of the EEGMedium F(1,39 = 40.47,p < .001, Low X High F(1,39 =
activity in the 100 ms interval prior to word onset. These data were22.91,p < .001. There were no frequency differences for words in
submitted to a between-subjects ANOVA with two levels of agethe syllable condition. Responses to the first and second presen-
group(young, elderly, three levels of study tagkmage, syllable, tations of pseudowords were not different, nor was there an inter-
new), five levels of anterior to posterior electrode si{é®ntal,  action of pseudoword repetition with age.
central, parietal, temporal, occipitabnd two levels of laterality
(left, right). Two-way ANOVAs were conducted to test several a Recognition Performance
priori hypotheses concerning relations among the image, syllableCollapsed across test delay, young participants recognized sig-
and new words conditions. To assess interactions with electrodeificantly more words than did the elderly, 80% versus 67%,
site, data were normalized across electradésCarthy & Woods, F(1,38 = 14.94,p < .001 (see Figure 2 Accuracy for words
1985 prior to conducting ANOVAs. Post hoc analyses were per-
formed using the Tukey test. Reportédratios and _significance - IAnalyses were also conducted using trimmed reaction time (data
values are based on degrees of freedom determined by applylrL%ding outliers beyond 2.5 SDs from mgamd log transformed reaction

the Huynh—Feldt correction procedure for controlling Type | errorstimes. These analyses yielded identical trends to those of the untrimmed,
in repeated measures designs. raw reaction time data.
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IMMEDIATE RECOGNITION TEST SUBSEQUENT RECOGNITION TEST

100 YOUNG ELDERLY YOUNG ELDERLY

90

80

70
60
50
40

~0® 1008

30
20
10 H

O_g

Imagery  Syllable Imagery  Syllable Imagery  Syllable Imagery  Syllable

Figure 2. Mean percent correct during the immediate and delayed recognition tests for (whitg barg and elderly(black barg
groups. Error bars indicate standard error of the mean.

from the image task was higher than for words from the syllablefrom further analyses. AlF values reported below pertaining to
task, 81% versus 67%;(1,38 = 135.08,p < .0001; this effect interactions with electrode were obtained on normalized data.
did not interact with age. A main effect of word frequency, Between 200-500 ms, there was a significant main effect of
F(2,76 = 35.5,p < .0001,e = 0.94, reflected better recognition age,F(1,38 = 5.32,p < .03, reflecting larger P2 and smaller
for low (76%) than high(70%) frequency wordsk (1,38 = 4.49, N400 amplitudes in the elderlgsee Figure 8 There was also a

p < .05. Word frequency did not interact either with age or studysignificant main effect of study task(2,76 = 16.14,p < .001,
task. Overall, participants recognized more words in the immediate = 0.78; mean amplitudes were more positive for words studied
(77% than subsequer(70%) recognition testF(1,38 = 9.25, under the imagery and syllable tasks than for new words,
p < .005. Test delay interacted marginally with ag€1,38 = F(1,38 = 19.30,p < .001 andF(1,38 = 17.78,p < .001, re-
3.99,p = .053, reflecting a larger age-related difference on thespectively. Words from the imagery task elicited significantly larger
second recognition test. Signal detection analyses showed that positivities than those from the syllable tagk1,38 = 7.03,p <

the elderly group, the bias to respond “yes” was stronger in the first02. There was also a Study taskAge interaction,F(2,76 =
recognition testimmediate: d-prime= 1.57, beta= 1.31; delayed: 5.65,p < .006,e = 0.78, reflecting significant study effects in the
d-prime = 1.86, beta= 3.32. In both groups, significantly more young, imagery vs. new (1,19 = 16.58,p < .001; syllable vs.
false alarms were committed in the immedi§id%) than in the  newF (1,19 = 15.46,p < .001, but not in the elderly participants.
delayed(6%) testsF(1,38 = 20.90,p < .0001; this effect was An Age X Electrode interactiont (4,152 = 14.65,p < .001,
larger in elderly participantémmediate: 17%, delayed: 60than e = 0.48, reflected greater frontal positivity in the elderly than in
in younger participantsimmediate: 11%, delayed: 7%age by the young for all words; the younger participants showed the larg-
test delayF (1,38 = 5.00,p < .04. Recognition test delay did not est positivity over parietal scalp sitésee Figures 4 and)5A

interact with study task or word frequency. marginal interaction of study task with anteriposterior electrode
distribution was mainly due to syllable task words eliciting more
Electrophysiological Results positive potentials than new words over posterior sk&d,152 =

ERP results are shown in Figure 3 for midline sites and in Figure 43.63, p < .07, € = 0.36. A significant interaction of task with
for lateral sites. During the test phase, ERPs to words for botHaterality was due to larger differences between imagery and new
young and elderly participants exhibited a small 480 ms, words over the left than right hemispheFd;1,38 = 6.32,p < .02.
followed by P2(~200 mg, N400(300-500 msand LPC~500—  Analyses of image minus new and syllable minus new difference
800 m3. The N400 was smaller and the P300 at posterior sites leswaves revealed a larger study tasle., repetition priming effect
pronounced in the elderly than in the younger participants. Theover left hemisphere sites in the young than in the elderly for
onset latencies of the P2, N400, and P300 components were aprords from the image but not the syllable conditiéi(l,38 =
proximately the same for both groups, although the repetition ef5.15,p < .03 (Figure 6.
fect began later in the older group. Between 500-800 ms, there was no main effect of age nor any
ERP data were quantified by measuring mean amplitudes tsignificant interactions of age with study task. There was, however,
capture early(200-500 msand late(500—-800 msrepetition ef-  a main effect of study taslE (2,76 = 12.23,p < .001,e = 0.78,
fects(e.g., Swick & Knight, 1997. The distribution of these two reflecting the greater positivity elicited by image words relative
measures across the scalp are plotted in Figure 5 separately fay both syllable,F(1,38 = 33.70,p < .001, and new words,
each age group, study task, and electrode. As there were no si§<1,38 = 15.54,p < .001. ERPs to syllable and new words did
nificant interactions of study task with either word frequency or not differ significantly from each other. There were significant
word length in either age group, these two variables were omittednteractions of age and electrode site revealing tiatthe re-
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Figure 3. Event-related potentialkERPs from midline electrodes recorded during the lexical decision test for ydlafigcolumn
and elderly(right column participants.

sponses of the elderly were characterized by relatively greatevealed significant Age< Laterality interactions for image minus
frontal positivity than those of the young, although at all other sitesnew difference waves; (1,38 = 8.01,p < .007, verifying that
the ERPs of the young showed greater positivity, Ag&nterior/ young and elderly differed primarily in the presence of a larger late
posterior distributionf(4,152 = 6.81,p < .002,e = 0.50, see positivity in the image condition over the left hemisphere in youn-
Figures 4 and 5(2) in the elderly, this late positivity was slightly ger subjectgsee bottom of Figure)6
larger over right than left hemisphere frontocentral sitedereas
for both groups it was larger over left than right hemisphere posy,
terior sites, AgeX Anterior/posterior X Laterality F(4,152 =
4.44,p < .015,e = 0.54, see Figures 4 and 5. Analyses of the As expected, our elderly participants were not as accurate as the
image minus new and syllable minus new difference waves reyounger participants in deciding whether or not a word had also
been presented earliéabout 3 min in the experiment. Specifi-

cally, they failed to recognize as many old words as the youn
2Whereas overall the elderly group exhibited more eye movements Y y g Y young

than the younger adults, regression analyses indicated that the right frontghduIts and eXhlb'Fed a greater tendency to falsely identify V\(ords
laterality in the elderly was not due to the influence of horizontal eye NEW to the experiment as old. In both age groups, semantic en-
movementdgr = .01). coding (imagery task led to better recognition memory perfor-

iscussion
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Figure 4. Event-related potential€ERPS from lateral electrodes elicited by old words studied in the imagery and syllable conditions
and new words during the LDT in the youitigft) and elderly(right) participants. ERPs are shown from electrode sites over frontal,
central, parietal, temporal, and occipital regions of the (lefit column and right(right column hemispheres.

mance than did orthographic encodifgyllable task, consistent  words;(3) no reliable difference in lexical decision times for old
with the levels-of-processing framewotk.g., Jacoby & Dallas, words from the imagery and syllable study tasi®; greater late
1981). In addition, although lexical decision times to studied wordspositivity for studied than for new words; an®) greater late
were faster than those to words occurring for the first time in thepositivity for image than for syllable studied words. These results
experiment, the times were unaffected by the levels of processings a whole suggest that highly similar mechanisms determined
manipulation. In other words, we observed the typical repetitionmemory performance in older and younger adults.

priming effect on lexical decision times and replicated its insen-  The primary differences between the younger and older adults

sitivity to semantic processing. were in overall recognition accuracy, response speed, ERP wave-
We also found that ERPs recorded during the LDT showed ashape and distribution, and the influence of study task on the ERP
repetition effect, which, unlike lexical decision timesassensi-  repetition effect. As has been previously reported by ott®osvles

tive to the levels of processing manipulation. That(i3,ERPs to & Poon, 1981; Friedman et al., 1992, 199@xical decision times
studied words were generally more positive than those to newvere slower and the onset of the ERP repetition effect was later in
words from 300 ms on ang) this positivity was larger for words the elderly participanfs At the same time, the morphology and
from the imagery than the syllable study task. This pattern of

results was also observed by Paller et(4P95, and following

thei.r .ar.gume.nt, we take this differential ERPrepetition eftenger 3Although the ERP repetition effect is thought to be composed of
positivity to image than syllable woriso be a reflection of rec-  multiple overlapping components, such as the N400, LPC, and perhaps a
ollection during the implicit memory task. P3b, discussing the repetition effects in the current data in terms of these

The pattern of each of the memory-related effects was remarksubcomponents does nothing to further our understanding of either the
components or the repetition effect. The current data cannot elucidate

ably similar fo_r.elderly and young adult_s. Both groups shovd differential contributions of these components. We thus treat the ERP rep-
better recognition for words from the imagery than the syllableggtion effect in the present experiment as a unitary phenomenon, although
condition; (2) faster lexical decision times to studied than to new we do measure the first and second halves separately.
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Figure 5. Comparison of the distributions of event-related potertfi#kP) mean amplitudes for the young@tashed lingand older
(solid line) groups. Shown separately are comparisons for words studied in the imagprpanel and syllable(middle panel
conditions, and new wordgottom panel and for the 200-500deft) and 500—800-mégright) intervals.

scalp distribution of the ERPs to words along both the antérior  Several hypotheses have been offered to account for these var-
posterior and leftright dimensions were affected by aging. For ious patterns of topographical changes in the P3b with age. Some
example, the later portion of the ERP repetition effect from 500 toaccounts attribute the apparent change in P3b distribution to an
800 ms was left-dominant in the younger group, especially foroverlap with another ERP component sensitive to normal aging,
semantically studied words, but bilaterally symmetric for the el-such as a central positive wayRicton et al., 198or the frontal
derly group(see bottom of Figure)6In addition, whereas ERPs slow wave(Pfefferbaum et al., 1984 Swick and Knight(1997)
during the LDT in both groups were characterized by a late possuggested that the greater frontal positivity in the elderly in their
itivity between 300 and 900 ms, scalp distribution of this positivity studies may reflect increases in effort or sustained attention for the
varied. In the younger adults, this late positivity had the typicalelderly to perform at a high level. Whatever the explanation, none
P3b distribution, largest parietally and decreasing toward the fronof the available evidence suggests that this particular age-related
of the head. In the older adults, this late positivity was morechange in P3b topography is specific to memory, although there
frontally distributed. We, along with other researchers, have obimay be indirect effects on memofg.g., through strategic choides
served this age-related frontal predominance in P3b amplitude to In contrast, we believe that the age-related changes in the lat-
nonverbal stimuli in both the auditory and visual modaliti&s eral asymmetry of the late positivity in the present experiment are,
Jong, Kok, Woestenburg, Logman, & Van Rooy, 1988; Friedmanat least in part, memory-related. Specifically, the late positivity
et al., 1993; Iragui, Kutas, Mitchiner, & Hillyard, 1993; Kutas, (500—-800 mysover the back of the head in the younger adults is
Iragui, & Hillyard, 1994; Nielsen-Bohlman & Knight, 1995; Pfef- larger over left than right hemisphere sites, particularly for studied
ferbaum, Ford, Roth, & Kopell, 1980; Pfefferbaum, Ford, Wenegratwords. By contrast, the frontal late positivitg00—800 msin the
Roth, & Kopell, 1984; Smith, Michalewski, Brent, & Thompson, elderly participants is larger over the right than the left hemisphere
1980; Swick & Knight, 1997; but see Picton, Stuss, Champagne, &nd only affected by repetition of semantically studied wdids,
Nelson, 1984, for an exceptipn not different for syllable vs. new words from 500 to 800)nm&/e
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Figure 6. Mean amplitudes of the difference event-related poten{@RPs$ during the 200-500¢top) and 500—800-mgbottom)

intervals for young(left) and elderly(right) participants during the lexical decision task. Frontal, central, parietal, temporal, and
occipital sites are presented for both hemispheres. Shown superimposed are the difference ERPs obtained by subtracting responses to
new words from responses to words studied in the imageold line) and syllable(dotted ling conditions.

Generally speaking, ERP repetition effects in implicit and ex-

involvement of recollective processes in young than in elderlyplicit memory paradigms resemble each ofleeg., Swick & Knight,
adults and is consistent with the conclusion that normal agingl997. The timing of these ERP repetition effects, which onset
impacts explicit more than implicit memory processes. This theoryaround 300 ms, is suggestive of an association with explicit mem-
follows from our hypothesis that the differential ERP repetition ory processes. Based on the view that implicit memory reflects
effect between image and syllable words is a sign of recollectionchanges in sensory and perceptual processes, effects on implicit
Likewise, other ERP studies of recognition have shown larger ERPnemory might be expected to occur somewhat earlier. And, as has
repetition effects in conditions associated with more extensive recbeen noted by otherdHaist & Kutas, submitted; Paller & Gross,

ollective processingWilding et al., 1995; Wilding & Rugg, 1996

1998, some effects of priming are seen on the early sensory com-
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ponents such as the N1 and @&ss than 250 mjslts timing aside,  to any words in the elderly group. It is this part of the ERP rep-
whereas this ERP repetition effect is observed during both implicitetition effect, the differential amplitude and distribution between
and explicit tests of memory, the effect is typically larger and moreimage and syllable studied words, that we believe to be an index
robust in explicit tests. Moreover, the size of this ERP repetitionof the differential recollection of these words. Itis possible that the
effect is influenced by experimental manipulatiqiesvels of pro-  reduction in the elderly of this component may have been a result
cessing that are known to influence explicit and generally not of their devoting more energy to the lexical decisions than to the
implicit measures of memory. In our experiments, words from therecognition judgments during the interleaved portion of the test.
image condition were not only recognized more accurately tharHowever, the fact that the elderly showed parallel behavioral def-
those from the syllable condition, but also associated with a largeicits in the interleaved and delayed recognition tests supports the
repetition effect in both the young and the elderly. Also consistentrecollection interpretation.
with this view is the observation that the ERP repetition effect was This ERP lateralization in the young adults is consistent with
larger when recollection processes were accentuated by interleadata from other neuroimaging techniques. For example, an fMRI
ing lexical decision and recognition judgments than when onlystudy by Demb et al1995 showed decreased activation in the left
lexical decisions were requirddPaller et al., 1996 inferior prefrontal corteXLIPC) for repeated words that had been

In their direct comparison of ERPs in an LDT and recognition studied semantically but not nonsemantically. They concluded that
memory task, Swick and KnightL997) found, in line with our  LIPC activation is related to semantic encoding, which is known to
hypothesis, that the repetition effects were larger when memoryead to better recognition. This has also been suggested by positron
was tested explicitly in their younger subjects. In their older sub-emission tomograph¢PET) studies, which have noted differential
jects the repetition effects were larger in the implicit memory test.left prefrontal activation for semantic versus nonsemantic encod-
They suggested that some of these effects were influenced by theg conditions(Kapur, Craik, 1994; Kapur, Rose, 1994urther,
subject’s confidence in his or her judgments, which they presume@®emb et al(1995 suggested that the decrease they observed in the
to be greater for the elderly in the easier LDT than in the recog-LIPC only to semantically encoded, repeated words reflected a
nition memory task. Their elderly participants differed most from process-specific facilitation of retrieval. Under this view, the lack
the younger participants in the recognition task, for which they notof lateralization in our elderly group may reflect their less efficient
only exhibited smaller but also later and more abbreviated ERRnd/or less elaborate semantic processmetative to younger adults
repetition effects, especially at the longest repetition lags. Swickather than a problem with memory storage and retrieval per se.
and Knight interpreted the findings as indicating that, whereas Another possibility is that the left-lateralized ERP effects are
explicit memory declines with age, implicit memory remains largely related to successful retrieval. For instance, Nyberg, Mcintosh,
intact. Houle, Nilsson, and Tulving1996 observed higher PET activa-

We, too, found that the ERP repetition effect was smaller, laterfion in the left medial temporal lobe for recognition following
and somewhat shorter in duration among the elderly participantssemantic than perceptual encoding; furthermore, the level of acti-
although not to the extent found by Swick and Knigik®97). vation in the anterior portions of the left parahippocampal gyrus
Several methodological differences between the present expenraried with the number of words recognized. This finding suggests
ment and that of Swick and Knight might account for this apparenta correlation with retrieval success. Thus, perhaps the left laterality
discrepancy. First, ours was not a continuous LDT but was a studyef the repetition effect in younger subjects actually reflects the
test design with a longer delay between study and test. Further, waore successful retrieval following semantic encoding.
presented two study tasks and our most obvious group differences In summary, our ERP data suggest that memory-related changes
were seen in those words studied semantically. Moreover, we inin normal aging occur primarily in explicit memory and in relation
creased the likelihood of explicit processes during the LDT byto semantic processing more than nonsemantic processing. Whether
interleaving the recognition judgments. Undoubtedly, this too hadhis difference is due to changes in encoding, storage, or retrieval
the effect of making the LDT more difficult, as was evident in the processes is as yet undetermined. Generally lower recognition scores
relatively slow lexical decision times in both age groups. in the elderly relative to the young adults, regardless of how words

As noted above, the largest group differences in the ERP repwere studied, suggest an additional role for decision making pro-
etition effect were for words that had been deeply encdited cesses in explicit memory performance. Whatever the ultimate
aged and thus were most likely to be remembered. In the youngerauses of the decline in explicit memory performance with normal
adults, the late positivityP3b elicited by image task words was aging, it is important to note that the change was disproportion-
especially large over the left hemisphere. This asymmetric part oétely larger than the changes in implicit memory performance.
the late positivity was much reduced for words whose first occur-Determining the precise causes of age-related memory changes
rence had been in the syllable count task and virtually absent fowill require delineating what factors influence explicit memory in
new (unstudied words. The asymmetry was absent from the ERPsgeneral, and how they might change over time.
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