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Dual-process theories of memory posit that recogni-
tion judgments can be based on two different types of in-
formation: familiarity and recollection (Brainerd, Reyna,
& Kneer, 1995; Hintzman & Curran, 1994; Jacoby, 1991;
Mandler, 1980; Yonelinas, 1994). Familiarity is generally
thought to reflect an assessment of the global similarity
between studied and tested items (e.g., Clark & Gron-
lund, 1996; Gillund & Shiffrin, 1984; Hintzman, 1988;
Humphreys, Bain, & Pike, 1989; Murdock, 1982). Recol-
lection entails the retrieval of specific information about
studied items, such as physical attributes (Chalfonte &
Johnson, 1996; Hintzman & Caulton, 1997; Hintzman &
Curran, 1994), associative/contextual information (Clark,
1992; Clark, Hori, & Callan, 1993; Gronlund & Ratcliff,
1989; Humphreys, 1978; Mandler, 1980; Yonelinas,
1997), or other source-specifying information (Hintz-
man, Caulton, & Levitin, 1998; Jacoby, 1991; M. K. John-
son, Hashtroudi, & Lindsay, 1993).

Recognition memory research has addressed two major
questions regarding dual-process theories. First, does
recognition memory truly depend on more than one pro-
cess? In some cases, single-process theories can account
for results that are commonly interpreted as requiring
two processes (W. Donaldson, 1996; Hirshman & Master,
1997; McClelland & Chappell, 1998; Ratcliff, Van Zandt,
& McKoon, 1995; Shiffrin & Steyvers, 1997). Second, if
there are two processes, what are the characteristics of

each process? Separating the distinct contributions of rec-
ollection and familiarity to recognition performance is
difficult. Jacoby (1991) developed the process dissocia-
tion procedure for this purpose. Others have attempted to
differentiate separate phenomenological states by asking
subjects to introspectively differentiate “remembering”
from “knowing” (reviewed by Gardiner & Java, 1993;
Rajaram & Roediger, 1997). Others have used response-
signal, speed–accuracy tradeoff (SAT) procedures to sep-
arate fast familiarity from slower recollection processes
(e.g., Hintzman & Caulton, 1997; Hintzman et al., 1998;
Hintzman & Curran, 1994; McElree, Dolan, & Jacoby,
1999). The utility of these approaches has been debated
elsewhere: process dissociation (Curran & Hintzman,
1995; Graf, 1995; Graf & Komatsu, 1994; Jacoby, 1998;
Jacoby, Begg, & Toth, 1997; Joordens & Merikle, 1993;
Toth, 1995; Toth, Reingold, & Jacoby, 1995), remember–
know (e.g., Donaldson, 1996; Gardiner, Ramponi, &
Richardson-Klavehn, 1998; Gardiner, Richardson-
Klavehn, & Ramponi, 1998; Hirshman, 1998; Hirshman
& Henzler, 1998; Hirshman & Master, 1997), and SAT
(Hintzman & Curran, 1994; Rotello & Heit, 1999).

Measuring event-related brain potentials (ERPs) dur-
ing recognition memory tests could provide a useful al-
ternative for estimating the contributions of recollection
and familiarity. ERPs can be differentiated on the basis
of their timing and scalp distribution, so different neu-
rocognitive processes can be identified with distinct spa-
tiotemporal voltage patterns. If the effects of familiarity
and recollection were associated with distinct spatiotem-
poral ERP signatures, theories positing separate processes
would be supported. If ERP signatures of recollection and
familiarity can be identified, the functional characteristics
of these processes can be explored by manipulating the-
oretically relevant variables.

Previous ERPs studies of recognition memory have
been interpreted from dual-process perspectives. During
recognition memory tests, ERPs differ between old (i.e.,
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It is widely hypothesized that separate recollection and familiarity processes contribute to recogni-
tion memory. The present research measured event-related brain potentials (ERPs) from 128 head lo-
cations to identify patterns of brain activity related to recollection and familiarity. In two experiments,
subjects performed a recognition memory task requiring discrimination between previously studied
words, similar words that changed plurality between study and test, and new words (following Hintz-
man & Curran, 1994). The FN400 ERP component (300–500 msec) varied with the familiarity of words
(new � studied = similar). The parietal component (400–800 msec) was associated with the recollection
of plurality (studied � similar = new). Differences in the timing and spatial topography of the FN400
and parietal effects support the view that familiarity and recollection arise from distinct neurocogni-
tive processes.
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previously studied) and new (nonstudied) stimuli. Volt-
age recorded over parietal sites (relative to a mastoid ref-
erence) 400–800 msec following stimulus onset is more
positive for old stimuli than for new stimuli (for reviews,
see R. J. Johnson, 1995, and Rugg, 1995). Previous stud-
ies suggest that the “parietal old/new effect”1 is related to
recollection (reviewed by Allan, Wilding, & Rugg, 1998).
When subjects are asked to introspectively differentiate
words specifically “remembered” from those they merely
“know” to be old, larger parietal old/new effects are as-
sociated with remembering than with knowing (Düzel,
Yonelinas, Mangun, Heinze, & Tulving, 1997; Rugg,
Schloerscheidt, & Mark, 1998; Smith, 1993). The parietal
old/new effect is sensitive to variables thought to affect
recollection more than familiarity (Paller & Kutas, 1992;
Paller, Kutas, & McIsaac, 1995; Rugg, Cox, Doyle, &
Wells, 1995). The parietal old/new effect is associated
with the recollection of specific information such as
study modality (Wilding, Doyle, & Rugg, 1995; Wilding
& Rugg, 1997b), speaker’s voice (Rugg, Schloerscheidt,
Doyle, Cox, & Patching, 1998; Wilding & Rugg, 1996,
1997a), and temporal source (Trott, Friedman, Ritter, &
Fabiani, 1997). Considerably less evidence has indicated
any relationship between the parietal old/new effect and
familiarity. Earlier studies suggested that word frequency
interacted with the parietal old/new effect in a manner
consistent with familiarity (Rugg, 1990; Rugg & Doyle,
1992), but such word frequency effects have more recently
been attributed to recollection (Rugg et al., 1995).

Behavioral evidence indicates that any ERP effects of
familiarity should occur temporally prior to recollection
effects. Hintzman and Curran (1994) asked subjects to
study lists of singular and plural words (e.g., JAR, CATS).
Subsequent recognition tests included studied words,
highly similar words that changed plurality from study to
test (e.g., JARS, CAT), and completely new words. Subjects
were asked to recognize studied words and to reject simi-
lar and new words. A SAT procedure was used to study
the temporal dynamics of memory retrieval (e.g., Dosher,
1984; Hintzman & Curran, 1997; Reed, 1973). Subjects
were signaled to make recognition judgments after un-
predictable time lags (100, 200, 350, 500, 750, 1,200, or
2,000 msec), and the time course of memory retrieval was
estimated by tracking accuracy increases over time.
Studied and similar words should be more familiar than
new words, but recollection would be necessary to dis-
criminate between studied and similar words (see also Di-
Girolamo & Hintzman, 1997, Hintzman & Curran, 1995,
and Hintzman, Curran, & Oppy, 1992). Subjects were
first able to discriminate studied/similar items from new
items at approximately 420 msec, but the ability to dis-
criminate between studied and similar words did not
emerge until approximately 540 msec. Thus, familiarity
influenced recognition judgments approximately 120 msec
prior to plurality recollection. Other SAT studies have
similarly found that discriminations that are likely fa-
miliarity based can be made prior to discriminations that
are likely recollection based: studied versus rearranged

sentences (Ratcliff & McKoon, 1989), studied versus re-
arranged word pairs (Gronlund & Ratcliff, 1989), modal-
ity (Hintzman & Caulton, 1997), and list membership
(Hintzman et al., 1998; McElree et al., 1999).

Assuming the parietal old/new effect is related to rec-
ollection, research using the SAT procedure clearly in-
dicates that any ERP effects related to familiarity should
occur earlier in processing. An earlier ERP old/new effect
has been associated with the N400 ERP component—
originally identified as an enhanced negativity in response
to semantically incongruous words at the end of sentences
(Kutas & Hillyard, 1980; Kutas & Van Petten, 1988).
During recognition memory tests the N400 is more neg-
ative (at superior recording sites [e.g., Pz, Cz], relative to
a mastoid reference) for new stimuli than for old stimuli
(e.g., Friedman, 1990; Halgren & Smith, 1987; Noldy-
Cullum & Stelmack, 1987; Smith & Halgren, 1989).

Two recent studies have identified a frontal N400-like
component (dubbed “FN400” by Curran, 1999) differing
between old and new words that may be related to famil-
iarity.2 Curran (1999) found that the FN400 old/new ef-
fect was similar for words and pseudowords, but the pari-
etal old/new effect was substantially larger for words. If
the FN400 reflects familiarity and the parietal old/new
effect reflects recollection, these results would be consis-
tent with introspective research indicating that remem-
bering is more likely for words than for pseudowords
(Curran, Schacter, Norman, & Galluccio, 1997; Gar-
diner & Java, 1990). Rugg, Mark, et al. (1998) identified
a FN400 ERP old/new effect that did not differ between
deeply and shallowly encoded words. In contrast, left
parietal voltages (500–800 msec) were more positive for
deeply studied words than for shallowly studied words
(replicating Paller & Kutas, 1992, and Paller et al., 1995).
Assuming that depth of processing influences recollec-
tion more than does familiarity (e.g., Gardiner, Java, &
Richardson-Klavehn, 1996; Toth, Reingold, & Jacoby,
1994), Rugg, Mark, et al. (1998) suggested that the left
parietal old/new effect indexes recollection, whereas the
FN400 old/new effect may be related to familiarity.

The purpose of the present research was (1) to test the
hypothesis that the FN400 old/new effect is related to fa-
miliarity and (2) to spatiotemporally differentiate any
such familiarity effects from the parietal recollection ef-
fect. Previous research has suggested that the FN400 and
parietal old/new effects are spatiotemporally distinct, so
linking these ERP effects to familiarity and recollection
would provide evidence for the separability of these neu-
rocognitive processes. The present experiments were
modeled after Hintzman and Curran’s (1994) plurality
recognition procedure. Subjects studied lists of singular
and plural words followed by recognition tests with stud-
ied words, similar words with the opposite plurality, and
completely new words. Subjects were instructed to re-
spond “yes” to studied words and “no” to similar and new
words. ERPs derived from trials in which subjects cor-
rectly said “yes” to studied words (studied[yes]) were as-
sumed to reflect a mixture of processes associated with
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accurate plurality recollection and high familiarity. ERPs
in the similar[yes] category were assumed to reflect high
familiarity with minimal recollection of plurality. ERPs in
the new[no] category were assumed to reflect low famil-
iarity with minimal recollection. The ERP difference be-
tween studied[yes] and similar[yes] items should index
effects of recollection (assuming familiarity is approxi-
mately equal between these conditions) that are predicted
to correspond to the previously identified parietal old/
new effect. The ERP difference between similar[yes] and
new[no] items should index effects of familiarity (as-
suming minimal recollection in either condition) that are
predicted to influence the FN400 old/new effect.

METHOD

Two separate experiments were conducted to ensure that the re-
sults were reliable. The methods of Experiments 1 and 2 differed in
only minor respects detailed below.

Subjects
The subjects were students at Case Western Reserve University.

Some subjects participated to satisfy a research requirement in in-
troductory psychology, and others were paid $12. All subjects were
right-handed and native-English speakers. Thirty subjects partici-
pated in Experiment 1, and 42 subjects participated in Experi-
ment 2. After rejecting the data of the subjects who had an insuffi-
cient number of artifact-free trials, 23 subjects were included in the
analysis of Experiment 1, and 29 subjects were included in the
analysis of Experiment 2.

Stimuli, Design, and Procedure
Each 2-h experimental session began with a practice block (8

studied and 12 tested words) to instruct the subjects and acquaint
them with the procedures. Following application of the Geodesic
Sensor Net, the subjects completed four study–test blocks. Test
conditions (studied, similar, new) were manipulated within blocks.
Each subject completed 80 trials per condition (20 trials per condi-
tion per block).

Stimuli were 240 common concrete nouns that could be plural-
ized by adding an s. The words were divided into six counterbal-
ancing lists that were roughly matched for mean length (M = 5.03,
SD = 0.82, range = 4–6 letters) and word frequency (M = 15.90,
SD = 18.94, range = 0–99 occurrences per million; Kučera & Fran-
cis, 1967). Words were counterbalanced across subjects so that each
item appeared approximately equally in each condition. Another 36
words were used as practice and filler stimuli. Stimuli were pre-
sented on a 14-in. Apple Multiscan color monitor.

Stimulus timing differed between Experiments 1 and 2 for two
reasons. First, study duration was decreased in Experiment 2 to in-
crease the similar false-alarm rate and thereby increase the number
of corresponding trials averaged into ERPs. Second, an Experi-
ment 1 programming error changed event timing between Experi-
ments 1 and 2 in two respects. Experiment 2 event timing was pre-
cisely synchronized with the refresh cycle of the subject’s monitor
(15 msec per cycle), but timing was not synchronized in Experi-
ment 1. Therefore, the actual timing of Experiment 1 events ran-
domly varied from the desired timing (�15 msec). The program-
ming error also made the mean event times shorter than desired (as
specified below).3

Each study list included 40 words (half singular, half plural)
flanked by 1 untested word at the beginning and the end of the list.
Each study word was visible for 871 msec in Experiment 1 and
750 msec in Experiment 2. A central plus sign (+) appeared be-
tween consecutive words (Experiment 1, 260 msec; Experiment 2,

300 msec). The subjects were instructed to study each word and
particularly memorize its plurality. A 2-min retention interval fol-
lowed each study list.

Each test list contained 60 words: 20 studied, 20 similar, and 20
new. The plurality of similar words was switched between study and
test lists (10 singular to plural, 10 plural to singular). New words did
not appear on the study list in any form. Subjects were given a self-
paced rest break after every 15 words (5 trials per condition). Test
order was random with the constraint that no more than three con-
secutive words came from the same condition. The subjects were
instructed to press a “yes” key for studied words and a “no” key for
similar and new words. Assignment of the right index and middle
fingers to the “yes” and “no” categories was counterbalanced across
subjects.

Each test trial began with a central plus sign (+) for a variable du-
ration (Experiment 1, 455–871 msec; Experiment 2, 525–
1,005 msec). The fixation was replaced by the test word for
1,729 msec (Experiment 1) or 1,995 msec (Experiment 2), which in
turn was replaced by a central question mark (?). The question mark
remained on the screen until the subject pressed a response key. An
asterisk (*) appeared after the subject responded and remained vis-
ible throughout the 2-sec interstimulus interval. EEG recording
began either 429 msec (Experiment 1) or 495 msec (Experiment 2)
prior to word onset and lasted for 2,000 msec. The subjects were in-
structed to wait for the question mark before responding, to remain
as motionless as possible, and to minimize eye blinks.

EEG Recording
Scalp voltages were collected with a 128-channel Geodesic Sen-

sor Net (Tucker, 1993) connected to an AC-coupled, 128-channel,
high-input-impedance amplifier (200 MΩ, Net Amps, Electrical
Geodesics, Inc., Eugene, OR). Amplified analog voltages (0.01–
100 Hz bandpass) were digitized at 250 Hz. Individual sensors were
adjusted until impedances were less than 50 kΩ.

EEG Data Reduction
Trials were discarded from analyses if they contained eye move-

ments (vertical EOG channel differences greater than 70 µV) or
more than five bad channels (changing more than 100 µV between
samples, or reaching amplitudes over 200 µV). ERPs from individ-
ual channels that were consistently bad for a given subject were re-
placed using a spherical interpolation algorithm (Srinivasan,
Nunez, Silberstein, Tucker, & Cadusch, 1996). The median number
of excluded channels/subject was 1.00 for each experiment (Ex-
periment 1, mode = 1, range = 0–5; Experiment 2, mode = 0,
range = 0–4). The subjects with less than 16 good trials in any con-
dition were removed from the final analyses. The final number of
subjects retained was 23 in Experiment 1 and 29 in Experiment 2.4

ERPs were baseline-corrected with respect to the prestimulus
recording interval and digitally low-pass filtered at 40 Hz. An av-
erage-reference transformation was used to minimize the effects of
reference-site activity and accurately estimate the scalp topography
of the measured electrical fields (Bertrand, Perin, & Pernier, 1985;
Curran, Tucker, Kutas, & Posner, 1993; Dien, 1998; Lehman &
Skrandies, 1985; Picton, Lins, & Scherg, 1995; Tucker, Liotti,
Potts, Russell, & Posner, 1994). Average-reference ERPs were com-
puted for each channel as the voltage difference between that chan-
nel and the average of all channels.

RESULTS

Behavioral Results
The subjects responded “yes” more often to studied

items (M = .66, SD = .11) than to similar items (M = .41,
SD = .11) [Experiment 1, t(22) = 9.76; Experiment 2,
t (28) = 7.43; both SEs = 0.03, ps � .001]. Thus, the sub-
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jects demonstrated some ability to recollect the plurality
of studied words. The false-alarm rate was significantly
greater for similar words (M = .41, SD = .11) than for new
words (M = .21, SD = .11) [Experiment 1, t (22) = 8.50;
Experiment 2, t (28) = 9.54; both SEs = .02, ps � .001].
These false-alarm rate differences are consistent with the
expectation of higher familiarity for similar words than for
new words.

ERP Results
Analysis strategy. The experimental design included

words in three conditions (studied, similar, new) to
which the subjects could respond either “yes” (studied)
or “no” (not studied). ERPs were not computed from the
new[yes] category because of an insufficient number of
false alarms. ERPs from the studied[yes], similar[yes],
similar[no], and new[no] category include all 52 sub-
jects. ERPs from the studied[no] category include only
the 44 subjects with at least 16 artifact-free misses (Ex-
periment 1, n = 17; Experiment 2, n = 27). All figures
represent the grand mean across both experiments, but
separate statistical analyses were completed for each ex-
periment. Repeated measures analyses of variance
(ANOVAs) focused on mean amplitudes within specific
temporal windows of interest (300–500 msec, 400–

800 msec, 1,000–1,500 msec). Only effects significant
in each experiment separately were considered reliable.
Effects involving spatial factors were reported only if they
interacted with experimental conditions.

Analyses focused on eight scalp regions: 2 lateral (left,
right) � 2 caudal (anterior, posterior) � 2 vertical (infe-
rior, superior). Each region was a hexagonal group of
seven electrodes (one central electrode and six at the ver-
tices of the hexagon) that were selected to maximize in-
terregion separation. Mean ERPs were computed across
the channels within each region (see Figure 1). Primary
analyses focused on regions and time windows in which
the FN400 and parietal old/new effects have been maxi-
mal with the same high-density recording technique
(Curran, 1999).5 For the FN400 old/new effect (300–
500 msec), ERPs to new stimuli were more negative than
ERPs to old stimuli over anterior, superior (AS) regions
(new � old), but the opposite (new � old) was true over
posterior, inferior (PI) regions. The parietal ERP old/new
effect was maximal over posterior, superior (PS) regions
(old � new) and anterior, inferior (AI) regions (new �
old). Because surface-recorded potential fields are di-
polar with equal positive and negative fields (Nunez, 1981),
such reverse-polarity effects are expected when (1) the
head surface is adequately sampled and (2) ERPs are

Figure 1. Sensor locations on the 128-channel Geodesic Sensor Net. The approximate sensor locations were projected onto a
three-dimensional head model from which these two-dimensional images were taken. Sensors appear more closely spaced at
the edges because depth is lost in the two-dimensional images, but actual electrode spacing is approximately equidistant
throughout. Darker circles denote channels within each of the 8 spatial regions used in ANOVAs. Midline electrodes are de-
noted with diamond-shaped symbols. VR = vertex reference.
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computed with respect to the average reference. The ERP
old/new differences recorded over superior regions were
similar to those reported elsewhere (e.g., Rugg, Mark,
et al., 1998), but opposite-polarity ERP differences are
less likely to be recorded with typical procedures (e.g., less
extensive inferior measurement and mastoid-referenced
ERPs). From the present average-reference perspective,
the “parietal” old/new effect can be described as a greater
voltage difference between PS and AI regions for old
items than for new items. The “FN400” old/new effect
can be described as a greater voltage difference between
AS and PI regions for new items than for old items. These
effects are statistically indicated with condition (e.g., old,
new) � region interactions. The parietal and FN400 labels
have been retained to facilitate comparison with mastoid-
referenced ERPs reported elsewhere. Mastoid-referenced
ERPs are presented in the Appendix for comparison.

Specific ERP comparisons were guided by both prac-
tical and theoretical considerations. Comparisons be-
tween ERPs in the studied[yes], similar[yes], and new[no]
categories were considered to provide the best available
indices of recollection and familiarity processes. It was
assumed that (1) the studied[yes] condition was associ-
ated with accurate plurality recollection and high famil-
iarity, (2) the similar[yes] condition was associated with
high familiarity and minimal recollection, and (3) the
new[no] ERPs condition was associated with low famil-
iarity and minimal recollection. ERPs from studied[yes]
and new[no] categories—differing on both recollection
and familiarity—were compared because they best ap-
proximate the old/new comparisons found in standard
ERP recognition memory studies, but they are not specif-
ically diagnostic of the component processes.

ERP differences between similar[yes] and new[no]
categories were considered to primarily reflect familiar-
ity effects because plurality recollection should be low in
both cases. However, it could be argued that differences
between these conditions are influenced by response
choice differences (yes vs. no). Comparing new[no] with
studied[no] or similar[no] categories would remove the
response confound, but any “no” responses could result
from a low-familiarity assessment. “No” responses to
studied words (i.e., misses) are probably attributable to
low familiarity because recollection is unlikely to cause
mistaken rejection of highly familiar, studied words. For
similar words, on the other hand, subjects may correctly
reject highly familiar words when the opposite-plurality,
studied words are recollected (Hintzman & Curran, 1994).
Therefore, similar[no] and new[no] differences should
reflect familiarity effects—unconfounded with response
choice. However, two problems remain with the simi-
lar[no]/new[no] comparison: (1) the comparison is sub-
ject to recollection differences, and (2) the comparison
probably represents a smaller familiarity difference than
the similar[yes]/new[no] comparison because similar
items can also be rejected for low familiarity.

ERP differences between studied[yes] and similar[yes]
categories were considered to be the primary index of

recollection because both categories should be similarly
familiar, yet recollection should be more prevalent for
hits than for false alarms to similar items. A number of
other comparisons are potentially related to recollection
but are problematic in other respects. Recollection should
be higher in similar[no] conditions than in studied[no]
conditions, because correct rejection of similar item may
occur when the plurality of the originally studied item is
recollected (Hintzman & Curran, 1994). However, fa-
miliarity should also differ between these conditions.
Studied[no] items should be associated with low levels
of both recollection and familiarity, whereas highly fa-
miliar similar[no] items would have been rejected when
the opposite-plurality word is recollected. Therefore,
comparing ERPs in similar[no] and studied[no] condi-
tions confounds recollection and familiarity. Comparisons
of correct versus incorrect responses within the studied
(studied[yes] vs. studied[no] ) and similar (similar[no]
vs. similar[yes] ) categories also should be influenced by
recollection, but the comparisons are confounded by re-
sponse choice. The “yes” versus “no” response confound
is especially problematic for the parietal old/new effect,
which encompasses the P300 (R. J. Johnson, 1995). The
P300 is known to be sensitive to subjective probability
(Duncan-Johnson & Donchin, 1977; R. J. Johnson, 1988),
and “no” responses were more frequent than “yes” re-
sponses in the present experiments.

In summary, it is hypothesized that FN400 amplitude
is related to familiarity and that parietal amplitude is re-
lated to recollection. Familiarity effects will be primar-
ily assessed by comparing ERPs in the similar[yes] and
new[no] categories. Similar[no] and new[no] conditions
will also be compared as a measure of familiarity that is
unconfounded by response choice, but this comparison
is confounded by recollect differences, and similar lures
may be rejected because of low familiarity. Recollection
effects will be primarily assessed by comparing ERPs in
the studied[yes] and similar[yes] categories. Recollection
should also contribute to ERP differences between sim-
ilar[no] and studied[no] conditions, but this comparison
is confounded by familiarity differences.

FN400 effects (300–500 msec). Curran (1999) found
the FN400 old/new effect (i.e., the ERP difference be-
tween correctly classified old and new words) to be great-
est over AS (new � old) and PI (new � old) channels
from 300 to 500 msec, so the same spatiotemporal re-
gions were included in the present analyses. The standard
recognition comparison was tested in a condition (stud-
ied[yes], new[no]) � region (AS, PI) � laterality (left,
right) ANOVA (see Figure 2). The conditions interacted
across regions such that new words (mean amplitude
across both experiments = �1.18 µV) were more negative
than studied words (�0.69 µV) over AS regions, but the
opposite effect (new [0.02 µV] � studied [�0.34 µV])
appeared over PI regions (Experiment 1, F(1,22) = 9.37,
MSe = 0.86, p � .01; Experiment 2, F(1,28) = 6.28, MSe =
1.71, p � .05]. Figure 3A shows that the magnitude of
this polarity reversal between AS and PI regions was
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greater in the new[no] condition than in the studied[yes]
condition.

If, as hypothesized, the FN400 is specifically related to
familiarity, differences should be observed between sim-
ilar[yes] and new[no] conditions that differ primarily ac-
cording to familiarity. The condition � region interaction
indicated that the FN400 did vary between the similar[yes]
and new[no] conditions [Experiment 1, F(1,22) = 5.81,
MSe = 1.48, p � .05; Experiment 2, F(1,28) = 6.46, MSe =
1.26, p � .05]. The magnitude of the FN400 was larger
in the low-familiarity new[no] condition (AS = �1.18 µV;
PI = 0.02 µV) than in the high-familiarity similar[yes]
condition (AS = �0.70 µV; PI = �0.30 µV).

If the FN400 effect is related to stimulus familiarity, it
should not differ between studied[yes] (AS = �0.69 µV;

PI = �0.34 µV) and similar[yes] (AS = �0.70 µV; PI =
�0.30 µV) conditions (see Figure 3A). Condition (stud-
ied[yes], similar[yes] ) � region (AS, PI) � laterality
(left, right) ANOVAs yielded no significant effects (for
all effects involving condition, F � 1).

Familiarity effects also should be observed when the
similar[no] (AS = �0.72 µV; PI = �0.36 µV) and
new[no] (AS = �1.18 µV; PI = 0.02 µV) conditions are
compared (see Figure 4). A highly significant condition
� region interaction was observed in Experiment 1
[F(1,22) = 20.39, MSe = 1.26, p � .001], but the inter-
action was not replicated in Experiment 2 [F(1,28) = 1.47,
MSe = 1.98].

Parietal effects (400–800 msec). Curran (1999)
found parietal old/new effects (i.e., ERP differences be-

Figure 2. Average-referenced ERPs from the studied[yes], similar[yes], and new[no] condi-
tions (Experiments 1 and 2 combined). Plotted ERPs are channel means within each of the eight
spatial regions used for ANOVAs (see Figure 1). LAI = left, anterior, inferior; LAS = left, ante-
rior, superior; LPS = left, posterior, superior; LPI = left, posterior, inferior; RAI = right, ante-
rior, inferior; RAS = right, anterior, superior; RPS = right, posterior, superior; RPI = right, pos-
terior, inferior.
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tween correctly classified old and new words) to be max-
imal over PS (old � new) and AI (old � new) regions
between 400 and 700 msec. The present analyses were
extended to 800 msec to maintain consistency with other
research describing parietal old/new effects, but results
from 400 to 700 msec were qualitatively similar. The stan-

dard recognition comparison was tested in a condition
(studied[yes], new[no]) � region (AI, PS) � laterality
(left, right) ANOVA. The conditions interacted across re-
gions such that studied[yes] ERPs (M = 1.04 µV) were
more positive than new[no] ERPs (0.73 µV) over PS re-
gions, but the opposite pattern (studied [�0.61 µV] �

Figure 3. Mean voltage amplitudes (�SE) associated with the principle experimental
effects (Experiments 1 and 2 combined). (A) The main plot shows the posterior, inferior
and the anterior, superior voltages during the FN400 window (300–500 msec). The small
inset contains voltages in the same regions and conditions from 400 to 800 msec. (B) The
main plot shows the posterior, superior and the anterior, inferior voltages during the pari-
etal window (400–800 msec). The small inset contains voltages in the same regions and
conditions from 300 to 500 msec.
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new [�0.11 µV]) held over AI regions [Experiment 1,
F(1,22) = 4.45, MSe = 0.98, p � .05; Experiment 2,
F(1,28) = 8.33, MSe = 1.60, p � .01]. In other words, the
magnitude of polarity reversal between PS and AI regions
was greater for the studied[yes] category than for the
new[no] category (Figures 2 and 3B).

It was hypothesized that the parietal ERP old/new ef-
fect would be specifically related to the recollection of
plurality, so differences should be observed between the
studied[yes] and similar[yes] conditions. The condition
� region interaction was marginally significant in Ex-
periment 1 [F(1,22) = 3.66, MSe = 2.30, p � .07] and
highly significant in Experiment 2 [F(1,28) = 17.50,
MSe = 0.78, p � .001]. Inspection of the MSe in each ex-

periment suggests that higher variability in Experiment 1
(MSe = 2.30) than in Experiment 2 (MSe = 0.78) con-
tributed to the weaker effect in Experiment 1. Across both
experiments combined, PS voltages were more positive
for studied[yes] ERPs (1.04 µV) than for similar[yes]
ERPs (0.70 µV), and AI voltages were more negative for
studied[yes] ERPs (�0.61 µV) than for similar [yes]
ERPs (�0.02 µV). Overall, these results support the hy-
pothesis that the parietal old/new effect was larger for
studied[yes] words that were recollected than for simi-
lar[yes] words that were not recollected (see Figure 3B).
No differences were observed when similar[yes] and
new[no] conditions were compared across the same spa-
tial (PS, AI) and temporal (400–800 msec) regions. The

Figure 4. Average-referenced ERPs from the studied[no], similar[no], and new[no] condi-
tions (Experiments 1 and 2 combined). Plotted ERPs are channel means within each of the
eight spatial regions used for ANOVAs (see Figure 1). LAI = left, anterior, inferior; LAS =
left, anterior, superior; LPS = left, posterior, superior; LPI = left, posterior, inferior; RAI =
right, anterior, inferior; RAS = right, anterior, superior; RPS = right, posterior, superior;
RPI = right, posterior, inferior.
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condition (similar[yes], new[no] ) � region (PS, AI)
interaction did not approach significance in either exper-
iment [Experiment 1, F(1,22) � 1, MSe = 0.89; Experi-
ment 2, F(1,28) � 1, MSe = 1.08].

Recollection should be more prevalent when the sub-
jects correctly rejected similar items (similar[no] ) than
when they missed studied items (studied[no]), though,
as previously explained, associated ERP differences may
be obscured by familiarity differences (see Figure 4).
These conditions were compared for the subset of sub-
jects with sufficient studied[no] trials in condition (sim-
ilar[no], studied[no]) � region (AI, PS) � laterality (left,
right) ANOVAs. The condition � region interaction in-
dicated that the parietal old/new effect was greater for re-
jected similar items than for missed studied items in Ex-
periment 2 [F(1,26) = 6.08, MSe = 2.16, p � .05], but not
in Experiment 1 [F(1,16) � 1, MSe = 1.59]. In Experi-
ment 2, PS voltages were more positive for similar[no]
conditions (M = 1.06 µV) than for studied[no] conditions
(0.59 µV), and AI voltages were more negative for sim-
ilar[no] conditions (�0.43 µV) than for studied[no] con-
ditions (0.08 µV).

Topographic analyses. The foregoing analyses
showed that the FN400 effects recorded over AS and PI
regions were influenced by familiarity. The parietal effects
recorded over PS and AI regions were associated with
recollection. Further analyses were intended to evaluate
topographic differences between the FN400 familiarity
effect and the parietal recollection effect. ERP differences
between similar[yes] and new[no] categories from 300 to
500 msec were used to estimate familiarity effects. ERP
differences between studied[yes] and similar[yes] cate-
gories from 400 to 800 msec were used to estimate recol-
lection effects. These ERP differences were normalized
across the eight regional areas (left /right � anterior/
posterior � inferior/superior) according to McCarthy and
Wood’s (1985) vector length method. Normalization al-
lows assessment of qualitative differences in scalp topog-
raphy that are not influenced by the relative magnitude of
the recollection and familiarity differences. A 2 difference
(familiarity, similar[yes]–new[no], 300–500 msec; rec-
ollection, studied[yes]–similar[yes], 400–800 msec) �
2 left /right � 2 anterior/superior � 2 inferior/superior
repeated measures ANOVA failed to detect any signifi-
cant interactions between the normalized differences and
any spatial factor. Thus, no qualitative differences were
apparent between the scalp topographies of familiarity
and recollection effects. The null result contrasts with
earlier evidence that normalized FN400 and parietal old/
new differences interact across both the anterior/posterior
and the inferior/superior dimensions (Curran, 1999).

The absence of topographic differences between rec-
ollection and familiarity effects is theoretically impor-
tant because it represents a failure to provide evidence
that the effects are produced by distinct neuronal popu-
lations. Evidence for distinct neural sources would sup-
port the idea that familiarity and recollection are the
products of truly separate neurocognitive processes. One

potential reason that topographic differences were lacking
could be that activity originating from a single neuronal
population shifts from an early familiarity-like pattern
(300–500 msec) to a later recollection-like pattern (400–
800 msec). Such a scenario may be better explained with
a one-process account rather than a two-process account,
but it is inconsistent with the entirety of the data. Fig-
ure 3A shows the FN400 pattern from 300 to 500 msec,
and its inset shows voltages over the same regions (AS,
PI) from 400 to 800 msec. The inset demonstrates that later
trends appear to exhibit a weaker form of the familiarity
pattern that was statistically signif icant from 300 to
500 msec. Figure 3B shows the parietal pattern from 400
to 800 msec, and its inset shows voltages over the same re-
gions (PS, AI) from 300 to 500 msec. In this case, the inset
reveals the initial development of the recollection pattern
that reached full strength between 400 and 800 msec. As
a whole, Figure 3 indicates that activity across all scalp re-
gions does not merely shift from an early (300–500 msec)
familiarity pattern to a later (400–800 msec) recollection
pattern. Rather, the familiarity pattern is most prominent
over AS and PI regions (Figure 3A). The recollection
pattern is most prominent over PS and AI regions (Fig-
ure 3B). However, there is considerable spatiotemporal
overlap among these patterns that likely limited the sensi-
tivity of the foregoing analyses to topographic differences
between the effects.

To minimize the temporal overlap between the famil-
iarity and recollection effects, smaller latency windows
were computed around the peaks of the corresponding dif-
ferences. The familiarity difference between similar[yes]
and new[no] categories peaked at 376 msec, and the rec-
ollection difference between studied[yes] and similar[yes]
categories peaked at 616 msec. Normalized differences
were computed from 40-msec windows surrounding
these peaks and entered into a 2 difference (familiarity,
similar[yes]–new[no], 356–396 msec; recollection, 
studied[yes]–similar[yes], 596–636 msec) � 2 left /right �
2 anterior/superior � 2 inferior/superior repeated mea-
sures ANOVA. The differences significantly interacted
across the anterior/posterior dimension in Experiment 2
[F(1,28) = 5.24, MSe = 0.33, p � .05], but the interaction
only approached significance in Experiment 1 [F(1,22) =
2.53, MSe = 0.28, p = .13]. The corresponding topo-
graphic patterns are displayed in Figure 5. Figure 5 was
constructed from the grand averages by computing ERP
differences at each channel, interpolating the differences
across a spherical model of the head, and projecting the
interpolated image onto a three-dimensional head model.
By scaling the data so that the maximum and minimum
differences are pinned to the ends of the grayscale palette,
the resultant images are roughly normalized between the
familiarity (Figure 5A) and recollection (Figure 5B) ef-
fects. The difference � anterior/posterior interactions
captured the observation that the 356–396-msec famil-
iarity differences are more positive anteriorly than pos-
teriorly, but the 596–636-msec recollection differences are
more positive posteriorly than anteriorly. The interaction
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did not reach statistical significance in Experiment 1 be-
cause the relatively weak and variable recollection effect
led to less separation between anterior and posterior
voltages.

Later effects (1,000–1,500 msec). Differences be-
tween conditions were apparent between 1,000 and
1,500 msec (see Figure 2). These effects were widely dis-
tributed, more variable between experiments than earlier
effects, and likely to be response related. In the absence of
a priori predictions, initial ANOVAs were computed across
the three primary conditions (studied[yes], similar[yes],
new[no]) and all regions (caudal � vertical � lateral).
The only reliable effect involving condition was the con-
dition � caudal interaction [Experiment 1, F(2,44) =
2.98, MSe = 5.06, p = .07; Experiment 2, F(2,56) = 7.13,
MSe = 3.31, p � .01]. Late voltages were positive over
anterior regions and negative over posterior regions, and
the magnitude of this anterior/posterior reversal differed
between the conditions.

Other ERP experiments related to source monitoring
have described various late, frontal differences between
conditions (M. K. Johnson, Kounios, & Nolde, 1996;
Senkfor & Van Petten, 1998; Trott et al., 1997; Wilding
et al., 1995; Wilding & Rugg, 1996, 1997b). To compare
the present plurality recollection effects with previously
reported source recollection effects, differences among
conditions were analyzed across the anterior regions alone.
Anterior voltages were significantly more positive for
the similar[yes] condition than for the new[no] condition
[Experiment 1, t (22) = 2.76, SE = 0.21, p = .05; Experi-
ment 2, t (28) = 5.10, SE = 0.13, p � .001], but no other
pairwise contrasts were reliable. Though this could be in-
terpreted as a familiarity effect, as above, this contrast is
more likely to be confounded by response-related factors
than earlier differences between these conditions.

DISCUSSION

The present experiments identified distinct ERP ef-
fects that are consistent with separate memory processes
of familiarity and recollection. The subjects completed a
recognition test with studied words, similar (opposite-
plurality) words, and completely new words. FN400 am-
plitude (300–500 msec) was largest when the subjects
correctly rejected new words (new[no]) than when they
responded “yes” to studied or similar words. This FN400
effect is consistent with the activity of a process that is
sensitive to experimental familiarity, because studied
and similar words should both be more familiar than cor-
rectly rejected new words. The parietal effect (400–
800 msec) was larger for correctly recognized studied
words (studied[yes] ) than for falsely recognized similar
words (similar[yes]). This parietal effect is consistent with
the activity of a process related to recollection, because
discriminating highly similar words requires the retrieval
of detailed information from the study episode.

In addition to corroborating previous findings that fa-
miliarity processes act faster than recollection (Hintz-
man & Caulton, 1997; Hintzman et al., 1998; Hintzman
& Curran, 1994; McElree et al., 1999), differing scalp
distributions provided evidence for the separability of
these processes (see Figure 5). The topography of the
FN400 and parietal old/new effects replicated previous
results using the same recording and analysis techniques
(Curran, 1999). The FN400 effect showed a dipolar pat-
tern over AS (new[no] � similar[yes]) and PI (new[no] �
similar[yes]) regions. The parietal effect showed a dipo-
lar pattern over PS (studied[yes] � similar[yes]) and AI
(studied[yes] � similar[yes]) regions. Direct topographic
comparisons of normalized recollection and familiarity
effects were statistically significant in only one of the pre-
sent experiments, but significant topographic differences
between the FN400 and parietal old/new effects have
been observed in previous research (Curran, 1999). The
neuroanatomical separation of familiarity and recollection
effects is theoretically important, because single-process
models are sometimes able to account for behavioral ef-

Figure 5. Topographic distributions of ERP effects associated
with familiarity (A) and recollection (B). (A) Contours lines are
plotted every 0.18 µV. (B) Contours lines are plotted every
0.26 µV.
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fects attributed to distinct familiarity and recollection pro-
cesses (e.g., Donaldson, 1996; Hirshman & Master, 1997;
McClelland & Chappell, 1998; Ratcliff et al., 1995;
Shiffrin & Steyvers, 1997). Therefore, the present results
are consistent with dual-process accounts of recognition
memory (Brainerd et al., 1995; Hintzman & Curran, 1994;
Jacoby, 1991; Mandler, 1980; Yonelinas, 1994).

Though the present evidence for neuroanatomic sepa-
rability is compelling, other conceivable interpretations
of the observed topographic patterns could be consistent
with single-process explanations. Electrical fields origi-
nating from diffuse brain sources are volume conducted
throughout head tissue so that all fields are superimposed
in scalp recordings (Tucker et al., 1994). A single mem-
ory process could contribute to both the FN400 and pari-
etal old/new effects if topographic differences arose from
the activity of different superimposed sources (possibly
unrelated to memory) occurring at different times. How-
ever, such a single-process possibility does not readily
explain differences between experimental effects on the
FN400 and parietal old/new effects. As exemplified in
Figure 3, the results are not indicative of a topographi-
cally global shift from an early familiarity-like pattern to
a late recollection-like pattern. Rather, the ERP signatures
of recollection and familiarity were topographically dis-
tinct, yet temporally overlapping. The present differences
in timing, topography, and sensitivity to experimental vari-
ables are all indicative of different memory processes.

A limitation of the present study concerns the fact that
recollection estimates were based on only the attribute of
plurality. Hintzman and Curran (1995) and Hintzman
et al. (1992) showed that study-list repetition and encod-
ing task manipulations similarly affect memory for word
plurality and picture orientation, so plurality recognition
results have generalized to other conditions. More impor-
tant, for the present purposes, the influence of plurality
recollection on the parietal old/new effect converges
with other ERP studies that have used different criteria
for inferring a relationship to recollection (reviewed by
Allan & Rugg, 1997). The parietal recollection effect is
greater for “remembering” than for “knowing” (Düzel
et al., 1997; Rugg, Schloerscheidt, & Mark, 1998; Smith,
1993). The effect has been associated with the retrieval
of various details, such as study modality (Wilding et al.,
1995; Wilding & Rugg, 1997b), speaker’s voice (Rugg,
Schloerscheidt, & Mark, 1998; Wilding & Rugg, 1996,
1997a), temporal source (Trott et al., 1997), and asso-
ciative information (D. I. Donaldson & Rugg, 1998; Rugg,
Schloerscheidt, Doyle, Cox, & Patching, 1996; Tendolkar,
Doyle, & Rugg, 1997). Other studies have found that the
parietal recollection effect is influenced by variables that
are presumed to affect recollection. The finding that depth
of semantic processing influences the parietal old/new
affect has been considered to be consistent with a rela-
tionship to recollection (Paller & Kutas, 1992; Paller et al.,
1995; Rugg, Mark, et al., 1998), although familiarity may
also benefit from semantic processing (Toth, 1996). In
comparing recognition memory for words and pseudo-

words, words are associated with more “remembering”
(Curran et al., 1997; Gardiner & Parkin, 1990) and a
larger parietal old/new effect (Curran, 1999).

A clear correlation has been established between recol-
lection and the parietal old/new effect, but a better spec-
ification of the underlying cognitive processes is only
beginning to emerge. The recollection of specific infor-
mation likely involves various search, retrieval, and de-
cision processes, as well as processes associated with the
subjective experience of recollection. The relatively late
time course of the parietal recollection effect suggests that
it is not likely to underlie initial search and/or retrieval op-
erations (Tendolkar et al., 1997). The correspondence be-
tween the parietal recollection effect and introspective
“remembering” (Düzel et al., 1997; Rugg, Schloerscheidt,
& Mark, 1998; Smith, 1993) suggests a possible rela-
tionship to the subjective experience of recollection (also
suggested by Paller et al., 1995). The parietal old/new
effect did not differ between a recognition memory task in
which subjects intentionally discriminated between
old /new items and a lexical decision task in which
old/new discrimination was incidental to task perfor-
mance (Curran, 1999). Similarly, the parietal old/new ef-
fect was observed in an associative recognition task re-
gardless of whether or not subjects were required to
discriminate between intact and rearranged pairs (D. I.
Donaldson & Rugg, 1998). These f indings (Curran,
1999; D. I. Donaldson & Rugg, 1998) suggest that the
parietal recollection effect does not depend on intentional
retrieval strategies, so the effect may be related to invol-
untary aspects of conscious recollection (Richardson-
Klavehn & Gardiner, 1995; Richardson-Klavehn, Gar-
diner, & Java, 1996; Schacter, 1987; Schacter, Bowers, &
Booker, 1989).

One theoretical question concerning recollection is the
extent to which it contributes to recognizing studied items
versus rejecting similar items (Clark & Gronlund, 1996;
Hintzman & Curran, 1994; Rotello & Heit, 1999). Hintz-
man and Curran (1994) found that “yes” responses to sim-
ilar items increased early in retrieval (before about
540 msec), but later decreased. This biphasic pattern was
interpreted as reflecting the initial effects of familiarity
being counteracted by later recall of the opposite-plurality
word that was actually studied. In Hintzman and Curran’s
(1999) SAT paradigm, differentiating familiarity and rec-
ollection was facilitated by placing the processes in oppo-
sition (e.g., Jacoby, 1991) so that familiarity would in-
crease “yes” responses but recollection would increase
“no” responses to similar items. SAT evidence that recol-
lection aided recognition of studied words was less clear
because “yes” responses to studied items would increase
with both recollection and familiarity. Opposition was not
as critical for differentiating recollection and familiarity
with the present ERP method, and parietal voltage differ-
ences between studied[yes] and similar[yes] items suggest
that recollection-related processes contribute to the recog-
nition of studied items. Comparing similar[no] and stud-
ied[no] ERPs yielded mixed results concerning the contri-
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bution of recollection to the rejection of similar lures. The
parietal effect was larger when the subjects responded “no”
to similar items compared with studied items in Experi-
ment 2, but not in Experiment 1. Because Experiment 2
converges with behavioral evidence that recollection does
contribute to the rejection of similar lures (Hintzman &
Curran, 1994), the failure to identify associated ERP ef-
fects in Experiment 1 may be attributable to lower statisti-
cal power. Only 17 of 23 subjects had sufficient artifact-
free studied[no] trials for inclusion in this comparison.

The relationship between recollection and the parietal
old/new effect is supported by a wealth of converging ev-
idence, but the relationship between the familiarity and
the FN400 effect is less well established. The FN400 var-
ied with familiarity when the three primary conditions
were compared: new[no] � similar[yes] = studied [yes].
Differences between these conditions may be attributable
to “yes” versus “no” response differences, so similar[no]/
new[no] differences were considered as a subsidiary es-
timate of familiarity effects. The FN400 differed between
similar[no] and new[no] conditions in Experiment 1, but
not in Experiment 2. The failure to obtain a similar[no]/
new[no] difference in Experiment 2 could indicate that
differences between new[no] and similar [yes] conditions
are attributable to response factors rather than familiar-
ity, but this explanation cannot account for the significant
effect in Experiment 1. The mixed results are consistent
with familiarity differences being greater in the simi-
lar[yes]/new[no] comparison than in the similar[no]/
new[no] comparison. The latter explanation must be true
to some extent because similar[yes] items should be more
familiar than similar[no] items.

It was reasoned that the similar[yes] condition should
be associated with minimal recollection because the sub-
jects would not have responded “yes” if the correct plu-
rality was recollected. However, it should be acknowl-
edged that ERPs in the similar[yes] condition might be
affected by the recollection of information other than
plurality. For example, a subject who studied “COOKIE”
might incorrectly respond “yes” to the similar lure
“COOKIES” but clearly recollect that the word made
him/her feel hungry during the study list. There are two
primary reasons to doubt that recollection contributed to
similar[yes]/new[no] ERP differences. First, given the
wealth of evidence that the parietal ERP old/new effect
is related to recollection, it is notable that no 400–800-
msec parietal differences were observed between the
similar[yes] and new[no] conditions. If recollection of
other study episode characteristics was prominent when
the subjects falsely recognized similar words, the pari-
etal recollection effects should have been observed in the
similar[yes]/new[no]comparison. Second, if recollection
contributed to the FN400 similar[yes]/new[no] differ-
ences, one would also expect FN400 differences between
the studied[yes] and similar[yes] conditions. Despite
these reasons to doubt that recollection of other attributes
confounded the present results, future research should

test the generalizability of the FN400 familiarity hypoth-
esis under other conditions.

The parietal and FN400 old/new effects have been func-
tionally dissociated in other recent experiments. The pari-
etal old/new effect is greater for words than for pseudo-
words (Curran, 1999) and following deep encoding than
following shallow encoding (Rugg, Mark, et al., 1998),
but these studies observed FN400 old/new effects that
were unaffected by the same variables. The present study
indicates that the parietal old/new effect is not just gen-
erally more sensitive to memory-related variables than the
FN400 effect, because similar[yes]/no[new] differences
were observed for the FN400 effect but not the parietal
effect. A recent ERP study requiring subjects to provide
“remember” or “know” judgments to recognized words
also suggests a link between familiarity and an N400-
like component recorded over temporal regions (Düzel
et al., 1997). Subjects studied lists of semantically related
words followed by a recognition test with studied items,
semantically similar lures, and completely new words
(following Deese, 1959; Roediger & McDermott, 1995).
An N400 recorded over temporal lobe locations was as-
sociated with “knowing” studied words and lures, but
N400 amplitudes in both conditions were less negative
than amplitude for correctly rejected new words.

In conclusion, the parietal and FN400 old/new effects
appear to be associated with recollection and familiarity,
respectively. The spatiotemporal separation of the FN400
familiarity and parietal recollection effects is consistent
with separate underlying processes—as posited by dual-
process theories of recognition memory. These ERP scalp
signatures of recollection and familiarity should serve as
a useful tool for future research aimed at better under-
standing the functional characteristics of these processes.
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NOTES

1. The “parietal old/new effect” has also been labeled the “late ERP
old/new effect” (Rugg, 1995), the “P300 old/new difference” (Johnson,
1995), and the “P600 old/new effect” (Curran, 1999; Rugg & Doyle,
1992).

2. It is unclear whether the N400 and FN400 are distinct components
or a single component with task-varying topography. The N400 has a
centro-parietal maximum in the classic semantic studies (reviewed by
Kutas & Van Petten, 1988) and many studies of recognition memory
and word repetition (e.g., Besson, Kutas, & Van Petten, 1992; Rugg &
Nagy, 1989; Smith & Halgren, 1989; Van Petten, Kutas, Kluender,
Mitchiner, & McIsaac, 1991), but a more anterior distribution has been
observed with single-word studies fostering semantic processing
(Bentin, Mouchetant-Rostaing, Giard, Echallier, & Pernier, 1999).

3. The primary consequence of the Experiment 1 event timing error
is additional trial-level latency variability (�15 msec) that could add
noise to the stimulus-locked averaging process used to compute ERPs.
This random noise may depress ERP amplitudes somewhat, but it would
not bias comparisons between conditions. The present strategy of repli-
cating all effects across both experiments lessens the possibility that the
timing error skewed the results.

4. Data were discarded from a large number of subjects across both
experiments (n = 20). The subjects were discarded because of excessive
eye movements (n = 9), computer malfunction (n = 3), improperly fit-
ting Nets (n = 2), insufficient similar[yes] trials (due to high accuracy,
n = 1; or conservative response bias, n = 1), a fire alarm, itching from
the electrolytic solution, body movement, or being substantially older
than the rest of the college-aged sample (42 years).

5. Curran (1999) used eight larger spatial regions with unequal num-
bers of electrode in each region. The hexagonal regions were preferred
for the present analyses because they are more uniform. However, the
primary effects described with the present hexagonal regions were also
observed with Curran’s larger regions. Thus, the present effects are not
overly sensitive to the exact locations chosen for analysis.

APPENDIX

The data were re-referenced with respect to the average of the two mastoid recording channels to facilitate
comparison with mastoid-referenced ERPs published elsewhere. Figure A1 shows mastoid-referenced ERPs
at 15 standard locations from the international 10–20 system (Jasper, 1958). The 400–800-msec parietal ef-
fects over PS regions were very similar in the average-referenced ERPs (Figure 2, LPS and RPS) and the mas-
toid-referenced ERPs (Figure A1, P3 and P4). The AS FN400 pattern (300–500 msec, new[no] �
similar[yes] = studied[yes]; Figures 2 and 3) was less discernable in the mastoid-referenced ERPs. The 10–20
locations nearest to the AS regions were F3 and F4 (Sensor Net channels 25 and 124). At these locations, mas-
toid-referenced amplitudes were more positive in the studied[yes] condition than in the other two conditions
(300–500 msec, Figure A1). Closer inspection of the mastoid-referenced data revealed that only a subset of
the AS channels (channels 12, 13, and 21; see Figure 1) showed the same pattern as that observed with the av-
erage-reference. The mean mastoid-referenced amplitudes (300–500 msec) across these three channels in each
condition were new[no] = �1.64 µV, similar[yes] = �0.87 µV, and studied[yes] = �0.40 µV. Paired t tests
across both experiments showed that mean voltage was more negative in the new[no] condition than in either
the similar[yes] condition [t(51) = 2.43, SE = 0.32, p � .05] or the studied[yes] condition [t(51) = 3.51, SE =
0.35, p � .001]. Mastoid-referenced FN400 voltage did not significantly differ between the studied[yes] and
similar[yes] conditions [t(51) = 1.40, SE = 0.33, p = .17]. This pattern of mean differences is qualitatively sim-
ilar to those observed over AS regions in the average-referenced ERPs (new[no] � similar[yes] =
studied[yes] ). However, the FN400 pattern (and its dissociation from the parietal effects) may not have been
readily observed with mastoid-referenced ERPs recorded from limited 10–20 locations (as shown in Fig-
ure A1).

(Continued on next page)
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Figure A1. Mastoid-referenced ERPs from the studied[yes], similar[yes], and new[no] conditions (Experiments 1 and 2 com-
bined). Each channel is identified by its nearest 10–20 system label along with parenthetical numbers corresponding to the sen-
sor numbers in Figure 1.


