
The First Does the Work, But the Third Timeʼs the Charm:
The Effects of Massed Repetition on Episodic Encoding

of Multimodal Face–Name Associations

Jennifer A. Mangels1, Alberto Manzi2, and Christopher Summerfield3

Abstract

■ In social interactions, it is often necessary to rapidly encode
the association between visually presented faces and auditorily
presented names. The present study used event-related poten-
tials to examine the neural correlates of associative encoding for
multimodal face–name pairs. We assessed study-phase pro-
cesses leading to high-confidence recognition of correct pairs
(and consistent rejection of recombined foils) as compared to
lower-confidence recognition of correct pairs (with inconsistent
rejection of recombined foils) and recognition failures (misses).
Both high- and low-confidence retrieval of face–name pairs
were associated with study-phase activity suggestive of item-
specific processing of the face (posterior inferior temporal
negativity) and name (fronto-central negativity). However, only
those pairs later retrieved with high confidence recruited a sus-
tained centro-parietal positivity that an ancillary localizer task
suggested may index an association-unique process. Additionally,

we examined how these processes were influenced by massed
repetition, a mnemonic strategy commonly employed in every-
day situations to improve face–name memory. Differences in
subsequent memory effects across repetitions suggested that as-
sociative encoding was strongest at the initial presentation, and
thus, that the initial presentation has the greatest impact on
memory formation. Yet, exploratory analyses suggested that
the third presentation may have benefited later memory by pro-
viding an opportunity for extended processing of the name.
Thus, although encoding of the initial presentation was critical
for establishing a strong association, the extent to which process-
ing was sustained across subsequent immediate (massed) pre-
sentations may provide additional encoding support that serves
to differentiate face–name pairs from similar (recombined) pairs
by providing additional encoding opportunities for the less domi-
nant stimulus dimension (i.e., name). ■

INTRODUCTION

The ability to rapidly encode an individualʼs face with
their spoken name is an essential component of success-
ful social interaction. Yet, despite the apparent automati-
city with which we are able to determine the familiarity
of a previously presented face (Palermo & Rhodes, 2007;
Heisz, Watter, & Shedden, 2006), encoding and retrieving
the name to which that face is associated often requires
more effortful, strategic processing (Scanlan & Johnston,
1997). As a result, this task is known to prove particularly
frustrating for individuals with even mild age-related
memory impairment ( James, 2004; Naveh-Benjamin,
Guez, Kilb, & Reedy, 2004). Given their relative difficulty,
relevance to everyday cognition, and susceptibility to
cognitive impairment, face–name associations are an
ideal stimulus for examining neurocognitive mechanisms
underlying the binding of multimodal elements into
episodic memories. Yet, although several recent fMRI
studies have used visual face–name associations as to-be-
learned stimuli to investigate hippocampal contributions
to episodic encoding (Chua, Schacter, Rand-Giovannetti,

& Sperling, 2007; Kirwan & Stark, 2004; Sperling et al.,
2001, 2003; Small et al., 2001), to date, only one study
has used auditory names and/or event-related potentials
(ERPs) to characterize the time course of neocortical activ-
ity associated with this process (Guo, Voss, & Paller, 2005).

In addition, although clinical research has shown that
face–name memory deficits are amenable to improve-
ment from encoding strategies including imagery, ela-
boration, and repetition (Manasse, Hux, & Snell, 2005;
Neuschatz, Preston, & Toglia, 2005; Hux, Manasse, Wright,
& Snell, 2000), to our knowledge, studies specifically ex-
ploring the relationship between these strategies and neu-
ral correlates of face–name encoding have been limited to a
single study of spaced repetition effects (Rand-Giovannetti
et al., 2006). Thus, to extend our understanding of the neu-
ral substrates of face–name encoding, the present study
aims to first characterize the study-phase ERP activity asso-
ciated with high-quality discrimination of face–name asso-
ciations from lower-quality discrimination and complete
recognition failures (misses), then explore how these pro-
cesses may vary across three successive repetitions (i.e.,
massed repetition).

Many studies suggest that successful encoding of face–
name associations involves unique activity that cannot be
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explained simply as the sum of encoding the constituent
elements. For example, Naveh-Benjamin et al. (2004), in
comparing young and older adultsʼ memory for faces,
names, and face–name associations, found that recogni-
tion of faces and names in isolation was almost compar-
able across the two age groups, yet older participants were
disproportionately poorer at recognizing the associations
among them, suggesting that this particular binding pro-
cess could be affected independently of memory for the
items themselves. fMRI studies have confirmed a role for
the anterior hippocampus in processes unique to the en-
coding of associative information, including face–name as-
sociations (Chua et al., 2007; Kirwan& Stark, 2004; Sperling
et al., 2001, 2003; Small et al., 2001). However, association-
specific activity is not limited to the hippocampus (or other
limbic regions), as there is also evidence accruing that
successful encoding of different stimulus features activate
cortical areas responsible for the on-line processing of
those features as well as unique areas (i.e., intraparietal sul-
cus) specifically involved in perceptual binding (Uncapher,
Otten, & Rugg, 2006).

Results from ERP studies of multimodal face–name en-
coding are more ambiguous with regard to identification
of activity unique to associative processes. Guo et al. (2005)
recorded ERPs during encoding of visual face and auditory
name pairs and sorted this activity as a function of subjectsʼ
subsequent memory for faces and names alone, and for
their association. In their first experiment, all three old/
new recognition memory tests were administered in suc-
cession, with the final face–name recognition task only
testing “old” pairs, even though subjects were led to be-
lieve that half of the pairs were old and half were new. A
centro-posterior positivity at 400–800 msec at encoding
predicted subsequent memory for faces, whereas a fronto-
central negativity at 200–600 msec predicted memory for
names, but no significant subsequent memory effects for
associative memory emerged. In a second experiment, the
memory task was simplified with a blocked study–test de-
sign where shorter sets of face–name pairs were followed
by both an immediate free recall test for the names and
a matching test for face–name associations; a final face
and name recognition test then occurred at the end of all
blocks. In this case, both later remembered faces and
face–name pairs elicited greater positive potentials with a
similar centro-parietal topography and time course as in
their first experiment. Although a centro-parietal positivity
from 200 to 800 msec also appeared to differentiate suc-
cessfully recalled names, this effect did not reach signifi-
cance. Thus, activity associated with associative encoding
of faces and names either failed to emerge or appeared as
a quantitative enhancement of activity necessary for encod-
ing of the face or name in isolation, rather than a qualita-
tively unique process.

In the present study, we approached the question of
the neural correlates of successful face–name encoding
by testing memory with intact and rearranged pairs of
faces and names, a method of isolating associative mem-

ory that renders mere item familiarity a poor retrieval cue
(Tsivilis, Otten, & Rugg, 2001; Donaldson & Rugg, 1998,
1999). As with most studies of successful encoding, we re-
corded neural activity during initial stimulus processing and
then backsorted this activity as a function of retrieval suc-
cess with the goal of differentiating activity elicited by later
retrieved and forgotten face–name associations (e.g., differ-
ence due to memory [DM] effects; Paller, Kutas, & Mayes,
1987). We note that this approach to studying successful
encoding has several caveats, namely, that any observed
differences could simply reflect the greater memorability
of certain stimuli rather than more stimulus-independent
effects, or index general processes that are correlated with
effective encoding but do not directly contribute to build-
ing a memory trace (i.e., attention). Finally, study-phase dif-
ferences are heavily influenced by how successful retrieval
is defined andmay not be generalizable beyond a particular
type of test. With these concerns in mind, we considered
memory success to be a function of the quality of the re-
trieval performance. We attributed the highest level of face–
name discrimination to cases in which subjects correctly
recognized the “true” old pair with high confidence (HC)
and rejected the two corresponding “false” new pairs (i.e.,
HC “perfect hits”). Participants also made a fair number of
lower-confidence (LC) perfect and “imperfect” hits, the
latter condition corresponding to situations where subjects
recognized the true pair with LC, but failed to reject one or
more of the false pairs. We look at this category as repre-
senting a lower quality of face–name discrimination than
the “perfect hits.” Nonetheless, given that face–name recog-
nition is often imperfect in everyday cognition (i.e., face is
recognized, name is forgotten, misidentified, or retrieved
with less confidence), we felt this was a valid condition to
explore. Both of these categories were compared to
“misses,” in which the subject failed to recognize the true
pair, regardless of response to the false pair.
Our use of a single test of associative memory reduces

confounds that might arise from multiple exposures to
stimuli at test. However, in exchange for a purer measure
of associative encoding, we lose the ability to directly
isolate the contributions of individual item processing.
Thus, we will address these contributions indirectly, first
by examining our results for evidence of the earlier-onset
frontal negativity and later-onset posterior positivity that
Guo et al. (2005) argued were related to auditory name
and visual face encoding, respectively, and secondly by
conducting our own ancillary “localizer” experiment. In
the localizer experiment, face and auditory name stimuli
used in the primary experiment were presented individu-
ally, intermixed with modality-specific control stimuli, in
the context of a 1-back working memory task. Localizers
have been reliably used in fMRI studies of object recog-
nition to define regions differentially associated with pro-
cessing of particular object types (Saxe, Brett, & Kanwisher,
2006). Here we explore the possibility of extending this
fundamental logic to ERP. We stress that the goal of the
localizer was not to define separate underlying sources of
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auditory and visual processing per se, but to provide con-
verging evidence together with results from Guo et al. for
ERP scalp distributions that might be differentially related
to item processing in one modality or another.
Although it is not uncommon for localizer and primary

tasks to be somewhat different in fMRI studies, we ac-
knowledge that direct comparability between topographies
observed in the localizer and the primary associative mem-
ory task is limited by differences in task demands and
memory systems engaged. Nonetheless, there also appear
to be many commonalities in the basic sensory–perceptual
processes involved in working memory and long-term
memory (Summerfield & Mangels, 2006; Ranganath &
Blumenfeld, 2005). Indeed, a recent study found stimulus-
specific slow cortical potentials during working memory
maintenance that were also predictive of long-term mem-
ory formation (Khader, Ranganath, Seemuller, & Rosler,
2007). Our localizer and primary task both involve identical
stimuli, have a high degree of similarity in their timing and
manner of presentation, and require deep, sustained pro-
cessing of stimuli. The localizer task, however, places mini-
mal demands on associative encoding across modalities.
Thus, based on the view that successful encoding of infor-
mation into either working memory or long-term memory
will commonly elicit sustained activity in modality-specific
sensory–perceptual regions, we suggest that it may be pos-
sible to use cross-task commonalities to help understand
the general spatio-temporal distribution of ERPs associated
with item-specific processing of our face and name stimuli.
Finally, we wished to explore the relationship between

repetition and successful encoding by examining subse-
quent memory effects as a function of repetition across
three sequential presentations (i.e., massed repetition).
Although the effects of repetition priming on face and
name items have been explored previously (Guillaume
et al., 2009; Martin-Loeches, Sommer, & Hinojosa, 2005;
Itier & Taylor, 2004; Schweinberger, Pickering, Burton, &
Kaufmann, 2002), there has been little work thus far ex-
amining the specific effects of repetition on the episodic
encoding of face–name associations. In one of the few
studies on this topic, Rand-Giovannetti et al. (2006) used
fMRI to investigate the neural bases of distributed face–
name encoding in older adults. In that study, subjects
memorized face–name pairs, each of which was pre-
sented three times at randomly varying lags. Whereas
the first presentation of later remembered items induced
activation of the hippocampus and multiple neocortical
regions, including prefrontal, parietal, and fusiform cor-
tices, in the second and third presentations, activations
were limited to neocortical areas, suggesting a shift in en-
coding strategy. Due to a very low number of incorrect
trials, however, no proper subsequent memory compar-
isons could be carried out. Thus, it was only possible to
speculate that a beneficial effect of stimulus repetition
at encoding might be related to the enhanced activity
in the networks indexed by sustained neocortical engage-
ment. Moreover, only older subjects were tested, and

although memory performance was high and did not de-
cline with delay, it is possible that these patterns repre-
sented compensatory activity rather than activity typical
of young adults.

Spacing of the repetitions across intervening items (i.e.,
distributed repetition) generally improves episodic mem-
ory performance more than immediately sequenced repe-
tition (i.e., massed repetition), particularly with regard to
the recollective experience at retrieval (Mantyla & Cornoldi,
2002; Parkin, Gardiner, & Rosser, 1995). However, at least
one study has shown that massed presentation enhances
explicit memory (Challis & Sidhu, 1993). We also note that
particularly for face–name associations, massed repetition
holds somewhat greater ecological validity than distributed
repetition, in that during personal introductions, mne-
monic strategies often involve successive covert (or overt)
repetition of the name while still in the presence of the
individualʼs face. Indeed, it is often important for optimal
social interaction to have successfully encoded the face
and name during this initial introduction so that no fur-
ther questioning of the name is neededwhen the individual
is encountered later (i.e., distributed encoding is less so-
cially desirable). To date, we know of no neuroimaging
studies that have examined the relationship between
massed repetition and successful episodic encoding of
face–name associations, or even stimulus–stimulus associa-
tions more generally.

METHODS

Participants

We tested 24 Columbia University undergraduate students
(age range: 18–23 years; 12 women). All were right-handed,
native English-speakers, with normal or corrected-to-
normal vision and no history of neurological disorders.
All subjects gave informed consent to participate in the
study, which was approved by Columbia University Insti-
tutional Review Board. To ensure 10 or more trials in each
condition for ERP analyses, seven subjects were excluded
because of low trial counts in one of the three categories
of recognition performance (3 in HC hits, 2 in LC hits, and
2 in guesses–misses [GM]). Here, we will report behav-
ioral and ERP results drawn on the final sample (n = 17;
9 women).

Stimuli

We used a set of 180 gray-scale photographs of unfamiliar
faces derived from various sources including the AR data-
base (Martinez & Benavente, 1998). Each photo was 300
by 300 pixels in size and was presented against a black
background on a computer screen. Subjects were 60 cm
from the screen, and the face stimuli subtended a visual
angle of 7.6° by 7.6°. Faces were randomly matched with
180 moderate-frequency names spoken in a male voice
and delivered through headphones with volume adjusted

Mangels, Manzi, and Summerfield 459



for subject comfort. Names were from the 1990 U.S.
Census database and all were two syllables in length.
Blocks of both female and male face–name pairs were in-
cluded, but each block exclusively contained stimuli of the
same gender.

Procedure

The experiment included twelve study–test blocks. In the
study phase of each block, 15 unique face–name pairs
were presented, randomly selected from the stimulus
pool. During presentation, the face and name onset si-
multaneously, with face being shown for 1000 msec and
the name taking an average of 1000 msec. Each face–name
pair was repeated thrice consecutively, with each repeti-
tion separated by a 500-msec blank period. A crosshair
was presented for 1500 msec between each face–name
triplet sequence (Figure 1A). At the end of each study
block, participants counted backward by 3 from an arbitra-
rily chosen three-digit number for about 20 sec. Following
this retention interval, 15 old (true) and 15 new (false)

face–name pairs were presented for a recognition memory
test. The false pairs consisted of randomly rearranged
face–name pairs from the same study block (for examples,
refer to Figure 1B). Order of presentation of true and false
pairs was also randomized across participants. The use of
rearranged pairings ensured that later correct recognition
responses could not be made simply by relying on famil-
iarity for either the face or the name alone. Rather, accu-
rate recognition required the episodic retrieval of the
whole face–name pair. For each test item, participants pro-
vided an integrated recognition and confidence judgment
using a 7-point scale (1= sure old, 4=guess, 7= sure new).
Subjects had an unlimited time to enter their responses.

EEG Recording

Continuous EEG was recorded throughout the experi-
mental session with a sintered Ag/AgCl 64-electrode
Quick-Cap and amplified using Neuroscan Synamps 2
with an A/D conversion rate of 500 Hz and bandpass of
DC-100 Hz. Impedance was kept below 11 kΩ. EEG was

Figure 1. (A) Example of item presentation sequence and timing during the study phase. (B) Example of true and false pairs included in the
recognition memory test.
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initially referenced to Cz then converted to an average
reference off-line. We compensated for blinks and other
eye-movement artifacts using 2–6 PCA-derived ocular
components (BESA 5.1.8). Data were also manually
screened for excessive muscle artifacts or slow wave drifts.
For averaging, the EEG was cut into epochs time-locked to
each presentation of face–name pairs (−200 to 1000msec).
Following baseline correction to the 200-msec interval
preceding the stimulus, a 30-Hz low-pass and 0.2-Hz high-
pass filter (6 dB/octave roll-off, zero phase shift) were ap-
plied and remaining epochs containing excessive noise
(±100 mV) were rejected before averaging.

Data Analysis

Behavioral Data

Recognition responses were classified taking into account
the dimensions of confidence and accuracy. For each sub-
ject, recognition responses were classified as HC, LC, or
guess. To account for individual bias in the use of the re-
sponse scale, cutoffs for HC and LC were calculated indi-
vidually for each subject. We first averaged the confidence
ratings given by each subject for all items endorsed as old
(i.e., Responses 1–3), regardless of whether they were cor-
rect or incorrect. For each subject, values greater than this
average were labeled as HC. The same computation was
carried out for the items endorsed as new (i.e., Responses
5–7). Across the group, the mean rating for old responses
was 1.52 (SD = 0.24) and for new responses was 6.60
(SD = 0.22), suggesting that subjects exhibited a more
or less equally high level of confidence in both their old
and new responses overall.
Encoding success of each studied face–name pair was

determined on the basis of how subjects responded to
both the true pair and the two corresponding false pairs.
A “perfect hit” was classified as an “old” response to the
true pair at test (study item/true pair in Figure 1B), and
correct rejection of both corresponding false pairs (e.g.,
False Pair 1 and False Pair 2 in Figure 1B). An “imperfect
hit” was classified as a “hit” to the true pair, but failure to
correctly reject one or more false pairs. In addition, we
further classified perfect and imperfect hits according
to whether the true pair was endorsed with HC or LC.
Confidence in decisions to the false pairs was not in-
cluded in this classification, but in general, the confidence
of correctly rejected false pairs mirrored the confidence of
the true pair for HC responses (i.e., an HC hit to the true
pair was associated with HC correct rejections to the cor-
responding false pairs in 71% of the cases). Guess and
miss categories referred to pairs in which the true pair re-
ceived a response of 4 (guess) or 5–7 (new), respectively,
regardless of what responses were made to the false pairs.
The proportions of responses for each confidence

level (excluding guesses) were submitted to a 2 × 2 ×
2 ANOVA with factors of item type (old, new), subject re-
sponse (old, new), and confidence (high, low). We also

compared the guessing rate for old and new items directly.
For these and all of the following statistical analyses, we
applied an alpha of .05, Greenhouse–Geisser correction
for violations of the sphericity (corrected F values and
degrees of freedom are reported), and Tukeyʼs honestly
significant difference (HSD) tests for post-hoc compari-
sons following significant interactions and main effects
with factors greater than two levels.

ERP Data

For the ERP analysis, we sought to isolate categories of
encoding success that were likely to be behaviorally
meaningful, yet yield sufficient trials for ERP averaging.
To this end, we created the following three memory ca-
tegories: (a) perfect high-confidence hits (HC); (b) perfect
and imperfect low-confidence hits (LC); and (c) misses
and guesses (GM). These three categories can be viewed
as representing associative memory of decreasing strength
and discrimination. We opted to consolidate LC perfect
and imperfect hits into a single category as we believe they
are similarly characterized by weaker memory strength,
although in the latter case this uncertainty was also coupled
with poorer discrimination, as evidenced by endorsement
of one or more of the false pairs as old. Misses, regardless
of confidence, and guesses were grouped together, as
they indicate the relative absence of associative memory.
We excluded imperfect HC hits from the analysis, however,
because they represent an ambiguous situation in which
a strong feeling of remembering for the true pair was
coupledwith a failure to reject repairing of the face or name
with another item. This situation occurred very rarely (see
Behavioral Results below) and may have resulted from
order effects in a given participant, wherein a false pair
was presented earlier in the test sequence and endorsed
as old, followed by even more certain recognition of the
true pair later in the test.

At first presentation, trial counts for HC hits ranged
from 48 to 122 (M = 77.5, SD = 19.7), for LC hits from
11 to 55 (M= 35.3, SD= 14.5), and for GM from 16 to 61
(M = 40.3, SD = 15.5). Although there was a mild in-
crease in noise over the course of the three presentations,
and therefore slightly greater trial attrition by the final
presentation, trial counts at the third presentation were re-
latively similar to the first, with HC ranging from 50 to 105
(M= 76.5, SD= 19.2), LC hits ranging from 10 to 54 (M=
34.3, SD = 13.7), and GM ranging from 11 to 66 (M =
40.1, SD = 17.1).

On the basis of previous findings regarding ERPs asso-
ciated with face perception (Rossion et al., 1999; Bentin,
Allison, Puce, Perez, & McCarthy, 1996), we focused one
aspect of our analyses on P120 and N170 components. As
shown in Figures 2 and 3, the early segment of the post-
stimulus waveform appeared to be dominated by these po-
tentials, as well as by an N1 and P2/VPP over fronto-central
sites. It was more difficult to isolate activity likely to be as-
sociated with auditory name processing. Although auditory
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name stimuli have been shown to elicit an N1 and P2 over
central sites (Muller & Kutas, 1996), the latencies of the
potentials observed in the current study appeared to be
more congruent with the inverse of the posterior visual
potentials than potentials elicited uniquely by the name
(see also Localizer Experiment). It is unlikely that this pat-
tern was due to variation in the spectral characteristics of
the names, given that other studies have shown insensitiv-
ity of the auditory ERP to whether the name starts with a
fricative or plosive (Muller & Kutas, 1996).

P120 and the N170 components were largest over the
right temporo-parietal area of the scalp, and thus, were
quantified as the largest positive deflection from 50 to
170 msec and the largest negative deflection from 80 to
230 msec, respectively, at electrode P8. Peak amplitudes
at this electrode were compared to amplitudes at the
homologous left hemisphere electrode (P7).

In order to look for evidence of the sustained potentials
described by Guo et al. (2005), we analyzed mean ampli-
tudes along five midline electrode locations (Fz, FCz, Cz,
CPz, and Pz), and along five pairs of inferior temporal elec-
trodes (FT9/FT10, T7/T8, TP7/TP8, TP9/TP10, andCB1/CB2)
at three contiguous intervals (300–500msec, 500–700msec,
and 700–900 msec).

We initially conducted ANOVAs that included all rele-
vant factors (memory, presentation, poststimulus interval,
and electrode; plus hemisphere for inferior temporal elec-
trodes). For the midline electrodes, although the four-way
interaction was not significant, multiple three-way interac-
tions were found, including Memory × Interval × Electrode
[F(3.6, 58.9) = 3.02, p < .01, η2 = .19], Presentation ×
Interval × Electrode [F(2.5, 41.1) = 7.93, p= .001, η2 =
.33], and Memory × Presentation × Interval [F(4.1,
66.4) = 2.15, p < .05, η2 = .14], all of which subsumed
a number of significant two-way interactions and main
effects. At inferior temporal electrodes, we found a
three-way interaction of Memory × Presentation × Interval
[F(3.1, 50.6)=2.75,p<.05,η2= .14], aswell as a Presentation
× Electrode × Hemisphere interaction [F(2.7, 44.1) = 3.24,
p < .05, η2 = .16], and a series of two-way interactions
including aMemory× Electrode interaction [F(2.9, 47.5)=
3.53, p < .05, η2 = .18].

Given the potential complexity of understanding the
sources of these interactions, we opted to structure our
data analysis in a hierarchical, hypothesis-driven manner.
First, in order to explore the general time course and to-
pography of the overall subsequent memory effects, we
compared HC, LC, and GM trials collapsed across stimulus
presentations (weighted-average). Second, to investigate
the effect of massed repetition on study-phase activity,
we compared ERPs elicited by the first, second, and third
stimulus presentation collapsed over the subsequent
memory categories (weighted-average). Third, to assess
if and how each consecutive face–name presentation con-
tributed to the subsequent memory effects observed in
the general analysis, we repeated the subsequent memory
analysis separately for each of the three presentations.

RESULTS

Behavioral Results

Recognition memory scores are shown for each confi-
dence level in Table 1. Overall, subjects correctly recog-
nized 75% of true face–name pairs. In most instances,
subjects endorsed this “old” response to the true pair with
HC while also correctly rejecting corresponding recom-
bined (false) pairs, thereby resulting in an HC “perfect
hit” rate of 47%. In the remaining cases, “old” responses
to the true pair were either endorsed with LC and/or
one or more of the false pairs also were given an “old”
or “guess” response. Overall, however, false alarms (FAs)
to false pairs occurred infrequently (8%). These results
suggest that the task was fairly well calibrated, in that it
resulted in neither ceiling nor floor effects.
Comparison of confidence across response categories

revealed a three-way interaction [F(1, 16) = 10.7, p < .01,
η2 = .40]. Post-hoc tests showed that for both hits and cor-
rect rejections, HC responses occurred more frequently
than LC responses, whereas for misses and FAs, HC and
LC judgments occurred with equal frequency. The gues-
sing rate was higher for old items [t(16) = 4.38, p <
.001]. These results indicate that confidence judgments
were used sensibly as they varied coherently with correct
(hits and CR) and incorrect (misses and FA) responses.

ERP Results

Overall Memory Effects

As can be seen in Figure 2, subsequent memory effects were
observed both at early visual components and at sustained
potentials over midline and inferior temporal regions. These
results are summarized in the first column of Table 2.

Early peaks. The P120 component, which was larger
over the right hemisphere [F(1, 16) = 34.1, p < .001,

Table 1. Mean Proportions (and Standard Deviations) of
Recognition Scores as Function of Confidence

High-
confidence

Low-
confidence Total

Hitsa 0.53 (0.12) 0.22 (0.09) 0.75 (0.09)

Perfect 0.47 (0.11) 0.14 (0.07) 0.61 (0.10)

Imperfect 0.06 (0.04) 0.08 (0.04) 0.14 (0.05)

Misses 0.04 (0.03) 0.10 (0.07) 0.14 (0.09)

Guesses to Old – – 0.11 (0.06)

Correct Rejections 0.68 (0.14) 0.17 (0.10) 0.85 (0.06)

False Alarms 0.02 (0.01) 0.06 (0.03) 0.08 (0.04)

Guesses to New – – 0.07 (0.04)

a“Perfect” hits denote proportions of correctly recognized true face–name
pairs when both corresponding false pairs are rejected. If one ormore false
pairs were not rejected, the hit is described as an “imperfect” hit.
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η2 = .68], differed as a function of memory [F(2, 32) =
4.6, p < .05, η2 = .22], with later HC hits eliciting more
positive amplitudes than later GM items. The N170 exhib-
ited no significant effects of memory (F < 1), and only a
marginal effect of hemisphere ( p = .08).

Sustained potentials. Later memory performance was
associated with modulation of the midline potentials [F(2,
32) = 6.32, p = .005, η2 = .28], however, this effect also
interacted with interval and electrode in a three-way inter-
action [F(3.7, 60.2) = 3.3, p < .05, η2 = .17]. Given the
potential complexity of this interaction, we opted to con-
duct a series of focused ANOVAs that dissected thememory
effects at each poststimulus interval and electrode.
In the first interval (300–500 msec), subsequent mem-

ory effects were isolated at FCz [F(2, 32) = 3.31, p < .05,
η2 = .17], where later HC items exhibited greater posi-
tivity than GM items. A similar differentiation between
HC and GM items was also found in the middle interval
(500–700 msec) over more posterior sites [CPz: F(2, 32) =
9.93, p< .001, η2 = .38; Pz: F(2, 32)= 13.21, p< .001, η2 =
.45]. At these sites, HC items were also significantly more
positive than LC hits. By the final interval (700–900 msec),
subsequent memory effects were found extensively across
the central andparietal regions [Cz: F(2, 32)=3.62,p< .05,
η2 = .18; CPz: F(2, 32) = 7.66, p < .01, η2 = .32; Pz: F(2,
32) = 9.64, p = .001, η2 = .37]. However, at Cz and
CPz, these differences were limited to greater positivity

for later HC hits compared to GM items, whereas at Pz,
later HC hits were still more positive-going than either LC
or GM items.

At inferior temporal locations, we observed a sustained
negativity that was associated with successful encod-
ing throughout the 300–900 msec poststimulus period
[F(2, 32) = 9.6, p= .001, η2 = .37]. HC hits elicited more
negative-going waveforms than either LC or GM pairs,
which did not differ from each other overall. However,
this effect interacted with electrode [F(2.8, 45.9) = 3.93,
p < .001, η2 = .19], indicating that these effects varied
somewhat across site. A series of 3 (memory) × 3 (interval) ×
2 (hemisphere) ANOVAs at each electrode location re-
vealed that this was the result of the relatively more poste-
rior focus of the memory effects. Specifically, throughout
this sustained period, no differences as a function of later
memory were found at more fronto-temporal sites (FT9/
FT10). However, at the most posterior temporal sites,
items later associated with HC hits elicited more negative
activity than those associated with either LC or GM re-
sponses [TP9/TP10: F(2, 32) = 7.27, p < .01, η2 = .31;
CB1/CB2: F(2, 32) = 8.71, p = .001, η2 = .35]. At middle
temporal sites, HC and LC hits did not differ, and were
both associated with more negative amplitudes than GM
items [T7/T8: F(2, 32) = 8.42, p = .001, η2 = .34; TP7/TP8:
F(2, 32) = 6.48, p< .01, η2 = .28].

In summary, at most sites, robust differences where
found between the most strongly encoded associations
(HC hits) from forgotten associations (GM items). Weakly

Figure 2. Grand mean ERPs at encoding associated with subsequent memory performance, collapsed across the three consecutive stimulus
presentations (weighted average). In this and all waveform figures, positive is plotted up and waveforms were smoothed with a 15-Hz filter
for illustration purposes. Locations of the illustrated electrodes are shown as dark circles on the electrode montage. Horizontal axis indicates
time in milliseconds.
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Table 2. Summary of ERP Results

Overall
Subsequent

Memory Effects

Overall
Presentation

Effects

Subsequent Memory Effects at Each Presentation

1st 2nd 3rd

Peaks

P120 HC > GM 1 > 2 = 3 – – –

N170 – 1 > 2 = 3 – – –

Sustained Potentials

300–500 msec

Midline positivity Fz – – – – HC > GM

FCz HC > GM – – – HC = LC > GM

Cz – 1 > 2 = 3 – – –

CPz – 1 > 2 = 3 – – –

Pz – 1 > 2 = 3 – – –

Inferior temporal
negativity

FT9/FT10 – – HC > GM – –

T7/T8 HC = LC > GM – HC > GM – –

TP7/TP8 HC = LC > GM – HC > GM – –

TP9/TP10 HC > LC = GM TP10: 1 > 2 = 3 HC > GM – –

CB1/CB2 HC > LC = GM CB2: 1 > 2 = 3 HC > GM – –

500–700 msec

Midline positivity Fz – 1 < 2 = 3 – – –

FCz – – – – LC > GM

Cz – 1 > 2 = 3 HC > GM – –

CPz HC > LC = GM 1 > 2 = 3 HC > LC = GM – –

Pz HC > LC = GM 1 > 2 = 3 HC > GM – –

Inferior temporal
negativity

FT9/FT10 – FT10: 1 > 2 = 3 HC > LC > GM – –

T7/T8 HC = LC > GM – HC > LC > GM – –

TP7/TP8 HC = LC > GM TP8: 1 > 2 = 3 HC > LC > GM – –

TP9/TP10 HC > LC = GM TP10: 1 > 2 = 3 HC > LC > GM – –

CB1/CB2 HC > LC = GM CB2: 1 > 2 = 3 HC > LC > GM – –

700–900 msec

Midline positivity Fz – – – – LC > GM

FCz – – – – –

Cz HC > GM 1 > 2 = 3 HC > GM – –

CPz HC > GM 1 > 2 = 3 HC > GM – –

Pz HC > LC = GM 1 > 2 = 3 HC > LC = GM – –

Inferior temporal
negativity

FT9/FT10 – – HC = LC > GM – –

T7/T8 HC = LC > GM T8: 1 > 2 = 3 HC = LC > GM – –

TP7/TP8 HC = LC > GM TP8: 1 > 2 = 3 HC = LC > GM – –

TP9/TP10 HC > LC = GM TP10: 1 > 2 = 3 HC = LC > GM – –

CB1/CB2 HC > LC = GM CB2: 1 > 2 = 3 HC = LC > GM – –

Only results significant at the p < .05 or less are shown. See text for further explanation.
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encoded associations (LC hits) exhibited activity more
like forgotten items at superior (parietal) and inferior
(temporal) posterior sites, but atmiddle temporal sites they
acted similarly to the more strongly encoded associations.
Midline subsequent memory effects also demonstrated
a spatio-temporal gradient such that earlier effects (300–
500 msec) were evident over frontal sites, but in the later
portion of the epoch shifted to more posterior sites.

Effects of Presentation

ERP waveforms for each of the three stimulus presenta-
tions, collapsed across subsequent memory performance,
are shown in Figure 3. As can be seen from the summary
of results provided in the second column of Table 2, there
was a large reduction in activity from the first to second
presentation at many sites of interest, but little additional
change between the second and third presentations.

Early peaks. Both the P120 and N170 demonstrated
significant effects of presentation, [P120: F(1.4, 23.1) =
7.13, p < .01, η2 = .30; N170: F(1.1, 18.8) = 31.6, p <
.001, η2 = 0.66], in that they diminished in amplitude be-
tween the first and second presentations, with no further
change at the third presentation. Hemisphere effects found
in the subsequent memory analysis were replicated here.

Sustained potentials. A 3 (presentation) × 3 (interval)
× 5 (electrode) ANOVA on midline potentials resulted in

a three-way interaction [F(2.4, 38.5) = 8.56, p< .001, η2 =
.34], which investigation with more focused ANOVAs on
specific electrodes and intervals revealed was due to differ-
ences in the pattern of effects at frontal and posterior sites.
Across the centro-parietal electrodes (Cz, CPz, Pz), the first
presentation was consistently associated with more posi-
tive-going waveforms than either the second or third pre-
sentations at all three poststimulus intervals (all ps < .01).
At Fz, however, a slightly different pattern was found.
Here, significant repetition effects were only found during
500–700 msec poststimulus period [F(1.3, 22.3) = 8.36,
p< .01, η2 = .34], due to a more negative-going waveform
in the first presentation than subsequent presentations.
No significant repetition effects were found at FCz.

Over inferior temporal sites, a four-way interaction was
found between interval, presentation, electrode, and hemi-
sphere [F(4.4, 70.7) = 2.46, p < .05, η2 = .13]. Further 3
(presentation) × 2 (hemisphere) ANOVAs for each elec-
trode pair at each poststimulus interval indicated signifi-
cant interactions between hemisphere and presentation
at the more posterior and inferior temporal electrodes
(TP9/TP10, CB1/CB2) throughout all three intervals (all
ps < .01). In all cases, this interaction was driven by
more negative-going waveforms for the first presentation
compared to the latter two presentations over the right
hemisphere, with no differences emerging over the left
hemisphere. A similar pattern was found at fronto-temporal
sites from 500 to 700 msec [F(2, 32) = 4.19, p < .05, η2 =
.20], and at middle temporal sites from 700 to 900 msec
[T7/T8: F(2, 3) = 5.78, p < .01, η2 = 26; TP7/TP8: F(1.1,
18.7) = 6.78, p < .05, η2 = .29].

Figure 3. Grand mean ERPs at encoding associated with each stimulus presentation, collapsed across subsequent memory performance
(weighted average).
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Differences Due to Memory at Each Presentation

In these analyses, subsequent memory effects were exam-
ined separately for each presentation. As summarized in
the rightmost columns of Table 2, subsequent memory
effects at posterior midline and inferior temporal sites that
had appeared in the overall analysis were driven by effects
occurring only at the first presentation. However, explora-
tory analyses revealed some differences over frontal sites
at the third presentation. This apparent shift in topogra-
phy between subsequent memory effects during the first
and third presentations is depicted in Figure 4.

Early peaks. Neither the P120 nor the N170 components
exhibited a subsequent memory effect when the three pre-
sentations were analyzed individually ( ps > .1).

Sustained potentials. Figure 5 illustrates ERPs recorded
at selected fronto-central and parietal electrodes, during
the first and third stimulus presentations, averaged as func-
tion of subsequent memory. When the first presentation
was analyzed in isolation, we found a significant three-
way interaction of memory, interval, and electrode [F(2.8,
45.2) = 3.91, p < .05, η2 = .19]. Further investigation of
this interaction revealed that the pattern of effects over
central and parietal sites was highly similar to those found
in the overall subsequent memory analysis. Specifically, sig-
nificant subsequent memory effects did not emerge until
the later two poststimulus intervals [500–700 msec: Cz,
F(2, 32) = 3.51, p < .05, η2 = .18; CPz, F(2, 32) = 12.07,
p< .001, η2 = .43; Pz, F(2, 32) = 12.89, p< .001, η2 = .44;

700–900 msec: Cz, F(2, 32) = 7.2, p < .01, η2 = .31; CPz,
F(2, 32) = 9.95, p < .001, η2 = .38; Pz, F(2, 32) = 10.58,
p < .001, η2 = .39], where later HC hits elicited greater
positivity than later GM items. Later LC hits were signifi-
cantly less positive than later HC hits from 500 to 700 msec
at CPz, and from 700 to 900 msec at Pz.
Memory effects at frontal sites exhibited a different

pattern however. The greater positivity of encoding activity
associated with HC compared to GM responses that had
appeared in the overall analysis (i.e., when collapsing over
presentation) did not reach significance when examined at
the first presentation in isolation. Thus, we sought to ex-
plore through focused analyses whether effects specific to
the second or third presentation might have driven the
overall subsequent memory effect at FCz. An initial ANOVA
that included electrode as a factor (Memory × Interval ×
Electrode) found no significant main effects or interactions
between electrode andmemory or interval in either the sec-
ond or third presentation. However, when we isolated our
analysis of the early interval (300–500msec) to FCz, a signifi-
cant subsequent memory effect emerged in the third pre-
sentation [F(2, 32) = 5.2, p < .05, η2 = .24]. A similar
exploratory analysis at Fz also revealed a significant effect
of memory during this portion of the epoch [F(2, 32) =
4.2, p < .05, η2 = .20]. At both of these frontal sites, the
memory effect was associated with later HC hits eliciting
more positive-going activity than items associated with later
GM responses. Additionally, at FCz, items associated with
LC hits were also significantly more positive than GM items.
When we extended this exploratory analysis to the 500–

700 msec period, we found a significant effect of memory

Figure 4. Scalp topography of the difference waves for the two successful encoding conditions (HC–GM and LC–GM) as a function of
presentation (first vs. third) across the three intervals of interest. White depicts positive-going activity and gray depicts negative-going activity.
The scaling factor is 0.20 μV.
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at FCz only [F(2, 32) = 3.7, p < .05, η2 = .18], and when
we examined the 700–900 msec period, the memory effect
was significant at Fz only [F(2, 32) = 4.2, p< .05, η2 = .20].
Interestingly, in both of these later intervals, it was the later
LC hits that were more positive-going than the later GM
items. We note that no significant effects were found over
central or parietal sites during the third presentation, sug-
gesting that localized effects at frontal sites during the third
presentation might indeed have been masked by extensive
nonsignificant differences throughout the central and par-
ietal electrode sites in ANOVAs that included all midline
electrodes. Nonetheless, caution must be exercised in in-
terpreting these exploratory analyses at focused frontal
sites.
Similar to the pattern of effects found over centro-

parietal sites, inferior temporal sites demonstrated a sub-
sequent memory effect at the first stimulus presentation
only [F(2, 32) = 12.4, p < .001, η2 = .43]. Furthermore,
although this effect interacted with interval [F(4, 64) =
2.7, p < .05, η2 = .14], it did not interact with electrode,
indicating that it was topographically widespread. A re-
presentative right-hemisphere electrode, CB2, is shown
in Figure 6 (top) alongside with mean amplitudes aver-
aged across all of inferior temporal electrodes (Figure 6,
bottom). Overall, during the first interval (300–500 msec),
HC hits were associated with more negative-going activity
than GM items, but LC hits did not differ from either of
these conditions. By the second interval (500–700 msec),
HC hits were more negative than LC hits, which were, in

turn, more negative than GM. In the last interval (700–
900 msec), HC and LC hits did not differ and they both
were associated with more negative amplitudes than GM
items. Thus, whereas robust face–name encoding elicited
greater activity than encoding failures across the encod-
ing interval, weaker face–name encoding seemed to be as-
sociated with a relatively later onset of inferior temporal
activity.

LOCALIZER EXPERIMENT

Methods

Participants

Seventeen new subjects were tested. The same selection
criteria from the primary experiment were applied. EEG
data from one subject were lost due to technical pro-
blems during acquisition, leaving 16 subjects for analysis.

Stimuli

Eight different categories of visual and auditory stimuli
were used, with 50 exemplars in each category. These sti-
muli included the identical faces and auditory names
used in the primary experiment, as well as three additional
categories of control stimuli for each modality. For the vi-
sual modality, the control stimuli were scrambled faces,
gray squares, and crosshairs. Scrambled faces were created

Figure 5. Grand mean ERPs
recorded during the first and
third stimulus presentations,
averaged as function of
subsequent memory, shown
at selected fronto-central and
parietal midline electrodes.
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by dividing each face image into a grid of 10 × 10 squares
that were then randomly recombined. Scrambled faces
and gray squares subtended the same visual angle as intact
faces and also were matched for average luminance. For
the auditory modality, the control stimuli were pseudo-
names (pronounceable rearranged versions of the target
names), white noise created by randomly scrambling the
auditory files of the intact names, and a pure tone of 250Hz.
The control stimuli primarily served to increase the diffi-
culty of the task.

Procedure

Subjects were instructed to press the “Enter” key when
two consecutive presentations from the same category
occurred (e.g., an intact face followed by another intact
face, regardless of specific identity). Presentation order

was pseudorandomized to produce seven repetitions for
each stimulus type. Visual stimuli were displayed for
1500 msec. The duration of the auditory stimuli was the
same as in the main experiment. Interstimulus interval
was 500 msec. During the task, continuous EEG was re-
corded using the same parameters as in the main
experiment.

EEG Analysis

The primary goal of this ancillary study was to better un-
derstand whether the longer latency frontal, parietal, and
inferior temporal activity observed during the primary ex-
periment might be related differentially to item-specific
perceptual processing of the faces or names. Therefore,
rather than engaging in an in-depth analysis of the entire
pattern of auditory and visual ERPs associated with proper

Figure 6. Subsequent memory effects at inferior temporal locations, during the first and third stimulus presentations. (A) Grand mean ERP
waveform from a representative right inferior temporal electrode (CB2). (B) Mean amplitudes averaged across inferior temporal electrodes, plotted
for each poststimulus interval. Error bars represent the standard error of the mean (SEM ).
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name and face processing, we focused our analysis on
midline and inferior temporal sites, using the same inter-
vals as in the primary experiment (300–500 msec, 500–
700 msec, and 700–900 msec).
Also, rather than analyzing all conditions, our analysis

was restricted to intact faces and names, and scrambled
faces and pseudonames. Scrambled faces and pseudo-
names disrupted the global integrity (and familiarity) of
the critical stimuli, while retaining their local features.
We reasoned that activity common across intact and
scrambled versions of each stimulus type would indicate
regions showing more general modality effects, whereas
activity specific to intact versions would represent more
holistic processing of each stimulus type. The other types
of control stimuli were not included in order to sim-
plify the analysis. We acknowledge, however, that by
not including any nonface or nonname stimuli, this ex-
periment provides little in the way of localization of
face-specific or name-specific processes, but rather
focuses on distinguishing between visual and auditory
processing of stimuli identical to those used in the pri-
mary experiment.
Weconducted a series of 2 (modality: visual vs. auditory)×

2 (stimulus: intact vs. scrambled) ANOVAs at each inter-
val and electrode of interest (midline effects), with the ad-
dition of a hemisphere factor when analyzing inferior
temporal electrodes. Criteria for significance and post-
hoc analyses were the same as in the primary experiment.
To avoid contaminating our analyses with target detection
and response processes, trials corresponding to category
repetitions were excluded.

Results

Midline Potentials

As shown in Figure 7, Fz showed an overall effect of mo-
dality during the initial interval (300–500 msec), with visual
stimuli eliciting more negative-going waveforms than au-
ditory stimuli [F(1, 15) = 8.3, p < .05, η2 = .35]. At the
other midline electrodes, however, significant Modality ×
Stimulus interactions emerged (all Fs > 4.6, all ps < .05).
At FCz and Cz, it appeared that these interactions were
driven largely by the shorter peak latency of the P2 to in-
tact faces compared to the other conditions. At CPz and
Pz, however, this interaction was driven mainly by the
scrambled faces exhibiting more sustained positivity com-
pared either to all other stimuli (CPz), or just compared to
auditory stimuli (Pz). Names and pseudonames did not
differ significantly from each other at any of the midline
electrodes.

From 500 msec onward, additional differences be-
tween auditory and visual waveforms were evident across
the midline. From 500 to 700 msec, significant modality
effects were found at fronto-central [F(1, 15) = 5.5, p <
.05, η2 = .26] and central sites [F(1, 15) = 6.1, p < .05,
η2 = .28], although the pattern was complex given that
this interval appeared to capture a crossover point be-
tween the two conditions. During the last interval (700–
900 msec), however, clearer modality effects emerged.
Over frontal and central sites, auditory stimuli exhibited
greater negative-going activity [Fz: F(1, 15) = 10.1, p <
.01, η2 = .40; FCz: F(1, 15) = 6.9, p < .05, η2 = .31],
whereas at the parietal site, this negativity reversed to a

Figure 7. Grand mean ERPs from the ancillary localizer task, illustrating the four critical conditions: intact faces, scrambled faces, intact names,
and pseudonames (scrambled names).
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positivity for auditory stimuli and negativity for visual stim-
uli [Pz: F(1, 15) = 14.6, p < .01, η2 = .49]. There were no
significant effects at Cz and CPz.

Taken together, these findings suggest that our visual
stimuli were processed more rapidly and with a stronger
posterior distribution than the auditory stimuli. In contrast,
the auditory stimuli were associated with later sustained
negativity over frontal sites. Indeed, a similar pattern for
the auditory stimuli was found across the more anterior
portion of the scalp, including more inferior and mid-
temporal sites (also see below). The inverted polarity of
the visual (negative) and auditory (positive) waveforms at
parietal sites during the later portion of the epoch suggests
that these responses might cancel each other out at the
scalp if they were coactive (see also Guo et al., 2005).

Inferior Temporal Potentials

During the first (300–500 msec) and second (500–700
msec) intervals, visual stimuli were associated with more
negative amplitudes than auditory stimuli across all infer-
ior temporal sites (all ps < .0001). Modality × Hemisphere
interactions at all but the most frontal sites (FT9/FT10)
indicated that this difference occurred primarily over the
left hemisphere during the first interval (all ps < .05),
although this left hemisphere bias only continued into
the 500–700 msec interval at the most posterior electrodes
(TP9, CB1) [TP9/TP10: F(1, 15) = 6.2, p < .05, η2 = .29;
CB1/CB2: F(1, 15) = 9.8, p < .01, η2 = .39]. Indeed, over
right temporal electrodes (FT10, T8), a crossover between
auditory and visual waveforms was already apparent [FT9/
FT10: F(1, 15) = 17.2, p= .001, η2 = .53; T7/T8: F(1, 15) =
20.2, p < .0001, η2 = .57]. This crossover continued bilat-
erally through to the last interval (700–900 msec) at FT9/
FT10 [F(1, 15) = 14.1, p < .01, η2 = .48] and T8 [F(1, 15) =
9.5, p < .01, η2 = .38]. In contrast, waveforms associated
with the visual stimuli were significantly more negative-
going at the more posterior inferior electrodes [TP9/
TP10: F(1, 15) = 10.5, p = .005, η2 = .41; CB1/CB2: F(1,
15) = 21.9, p < .0001, η2 = .59]. These results confirm
the presence of a sustained posterior inferior negativity
that was more specific for visual (face) stimuli and a later-
onset anterior inferior negativity that was more specific
for auditory (name) stimuli. As with the parietal activity de-
scribed in the previous section, we note that the opposing
polarities of the auditory and visual sustained potentials at
the more anterior sites (FT9/FT10; T7/T8) similarly create
the possibility that they will cancel out if they were simulta-
neously active.

DISCUSSION

The goal of the present study was to contribute to the
understanding of the ERPs underlying the successful en-
coding of face–name associations, in particular by de-
scribing how the strategy of sequential repetitions

supports the encoding of these multimodal pairings.
First, however, we considered the overall subsequent
memory effects, which served to narrow down patterns
of scalp-recorded activity related to different aspects of
memory formation that we then investigated further
as a function of repetition. In this overall analysis, we
found that successful HC discrimination of true face–
name associations from recombined (false) associations
(i.e., “perfect hits”) was predicted by relatively early
(300–500 msec) study-phase activity over fronto-central
sites, followed by more sustained activity over central
and parietal regions (500–900 msec). Thus, these results
replicate certain aspects of the previous face–name encod-
ing study by Guo et al. (2005). Additionally, we demon-
strated that a sustained negativity at middle and posterior
inferior temporal sites supported the encoding of these HC
perfect hits throughout the 300–900 msec poststimulus
period. At least in the overall analysis, the pattern of neural
activity associated with subsequent LC perfect and imper-
fect hits was generally more similar to that of items for
which encoding had failed (GM responses), the exception
being at middle temporal sites, where they elicited compar-
able activity to HC perfect hits.
Our more detailed analysis of subsequent memory

effects as a function of repetition indicated, however, that
the centro-parietal and inferior temporal modulations
that were associated with successful encoding of HC
perfect hits in the overall analysis were driven by neural
differences occurring only at the first presentation. In
addition, the late (500–900 msec) inferior temporal activity
associated with encoding of face–name pairs garnering
lower-quality discrimination (LC perfect and imperfect hits)
also appeared to be related primarily to first-presentation
activity. In contrast, the frontalmidline subsequentmemory
effect that emerged in the overall analysis was significant
only when we explored the third presentation of the to-
be-encoded associations. Here, items later attracting either
HC or LC hits elicited a more positive-going waveform re-
latively early in the period of sustained activity (300–
500 msec), and somewhat surprisingly, only associations
later retrieved with LC continued to elicit more positive-
going activity throughout the remainder of the epoch.
Before discussing the effects of repetition in more detail,

we will first discuss the potential cognitive correlates of
these observed subsequent memory effects. Converging
evidence from past studies (Guo et al., 2005) and our loca-
lizer task suggests that the posterior inferior temporal and
fronto-central subsequent memory effects may have been
driven by item-specific face and name processing, respec-
tively, rather than association-specific processes. In the
localizer task, sustained visual (face) processing elicited
prominent negative-going waveforms over the more pos-
terior inferior temporal locations, consistent with sources
in the ventral visual stream (Mnatsakanian & Tarkka,
2004, 2007). Name processing, in contrast, was more con-
vincingly associated with a fronto-central negativity that
inverted to a large positivity over posterior sites. Similarly,
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Guo et al. (2005) found evidence for a fronto-central nega-
tivity that predicted name memory in one of their experi-
ment, although they did not analyze inferior temporal sites.
Thus, the finding that subsequent memory effects for LC
hits were limited to modulation at these inferior temporal
and fronto-central sites suggests that item-specific, rather
than associative, processes were primarily responsible for
the lower-quality discrimination of these face–name pairs.
The overlap with Guo et al. is not complete, however, given
that in their experiment, subsequent memory was asso-
ciated with relatively greater negativity, rather than the re-
duced negativity observed in the present experiment. The
reason for this difference is unclear. It may be a function of
our choice to use an average, rather than linked-ears, refer-
ence. However, we consider another alternative explana-
tion, related to retrieval processing, later in the discussion.
The sustained centro-parietal subsequent memory effect

appears qualitatively different from what would be pre-
dicted based on a simple summation of opposite polarity
face- and name-related potentials (see Localizer Experi-
ment), making it an excellent candidate for a specific rela-
tional process that supports the integration of different
elements into a bound memory trace that is strong and
robust against the interference from recombined pairs.
Although greater positivity over centro-parietal sites has
frequently been found during successful encoding of
single items where associative processes are implied, such
as when memory is measured through recall, recollec-
tion, or source memory (Guo, Duan, Li, & Paller, 2006;
Duarte, Ranganath, Winward, Hayward, & Knight, 2004;
Mangels, Picton, & Craik, 2001; Van Petten, Senkfor, &
Newberg, 2000; Van Petten & Senkfor, 1996; Paller et al.,
1987; Fabiani, Karis, & Donchin, 1986), this study confirms
the relationship of this waveform to a binding process that
is unlikely to be the result of processing of individual event
elements. These findings are also in line with previous re-
search proposing that associative encoding of face–name
pairs is more than the sum of its parts, including fMRI
studies finding that activation of the anterior hippocampus
at encoding is a specific predictor of later memory for
face–name pairs (Sperling et al., 2003), whereas activity in
parahippocampal/perirhinal cortex is likely to support sub-
sequent memory for faces only (Chua et al., 2007).
Sequential repetition of the face–name pair dramati-

cally attenuated this centro-parietal waveform, and subse-
quent memory effects at these sites were significant only
at the first presentation, suggesting that the foundation
for successful binding of the face–name association was
established primarily at the initial exposure, when these
elements were highly novel. When considering the activ-
ity putatively associated more with item-specific process-
ing, however, we observed what might be interpreted
as shift in topography of the subsequent memory effects
across repetitions. Specifically, at inferior temporal sites,
subsequent memory effects were found for the first
presentation only, whereas subsequent memory effects
appeared to shift to frontal sites during the third presen-

tation. One interpretation of this apparent shift is that at-
tention and memory processing were initially drawn to
processing the face and its integration with the name
(i.e., centro-parietal effects), but by the third presenta-
tion, attentionwas focused primarily on the name. Focusing
on the name during the final presentation may have been
particularly useful strategy given that each of the faces
was relatively different, but the names were all spoken in
the same voice. This is not unlike a situation in which the
same host is introducing you to a long series of individuals,
or following such an introduction, one is repeating this
series of names over and over again with oneʼs own inner
voice. This similarity may have reduced the distinctiveness
of the name information somewhat, allowing name encod-
ing to particularly benefit from additional processing.

Support for this hypothesis can be found in the signifi-
cant habituation of the N170 and right-lateralized inferior
temporal negativity with repetition compared to the rela-
tive lack of repetition effects at frontal and fronto-central
sites. Resources may have become available to focus spe-
cifically on encoding the name only after the novelty of
the face had sufficiently decreased. Thus, only at the third
presentation could variability in the allocation of those
resources to the name reliably differentiate successful
from unsuccessful encoding. Extending the logic of this hy-
pothesis further, it would appear that higher-quality discri-
mination of the face–name association (i.e., HC perfect
hits) benefited from enhanced processing of the face and
association during the initial presentation, whereas the
lower-quality discrimination involved prolonged process-
ing of the name during the final presentation. We also
note that the emergence of significant subsequent mem-
ory effects for LC hits later in the epoch at both infe-
rior temporal (first presentation) and fronto-central sites
(third presentation) could suggest a more effortful and/or
less efficient mode of processing compared to HC perfect
hits.

Alternatively, subsequent memory effects observed at
the third presentation may be related to retrieval processes
that support encoding, rather than processes associated
exclusively with encoding per se. Specifically, during the
second and third repetitions of the pair at study, partici-
pants are likely to experience recognition of either or
both attributes of the association, and this retrieval may
serve to strengthen their memory traces. Based on re-
search specifically investigating ERPs associated with rec-
ognition (e.g., Woodruff, Hayama, & Rugg, 2006; Curran,
2000, 2004; Duarte et al., 2004), we might expect explicit
recollection of previous presentations to manifest as a po-
sitivity over centro-parietal regions from 400 to 800 msec—
a pattern corresponding to the classic “old/new” effect in
which recollected items elicit greater positivity than novel
items, whereas increased familiarity of the items would
be more likely to manifest as reduced negativity over
fronto-central regions from 300 to 500 msec—a pattern
corresponding to the FN400. There was no evidence of a
centro-parietal subsequent memory effect in the second
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and third presentations. However, the morphology of the
earlier (300–500 msec) frontal subsequent memory effect
observed at the third presentation could be consistent with
modulation of the familiarity-based FN400. Modulation of
the FN400 by massed repetition is likewise consistent with
findings that massed repetitions increase the familiarity of
the memory trace (Mantyla & Cornoldi, 2002; Parkin et al.,
1995), rather than improve recollection. Taken together,
the finding that early (300–500 msec) frontal memory ef-
fect was equivalent for both HC and LC hits could be taken
as support for the view that it represented increasing famil-
iarity of the face–name stimuli.

Yet, the subsequent memory effects at these fronto-
central sites also lasted beyond the time range of the typical
FN400 effect. Although we cannot rule out the possibility
that such sustained effects also represent familiarity-based
retrieval, and indeed, they were beneficial for LC hits, in
particular, the presence of a similar sustained waveform
during unique presentation of the name in the localizer
also supports the view that they were elicited by name-
specific encoding.

Lastly, we consider the possibility that the associative
memory effects at frontal and parietal sites represent
sustained attention or other cognitive control processes
that may be necessary, but not sufficient to encode the
face–name associations. Such processes may create a cogni-
tive “state” that is conducive to encoding without repre-
senting the specific processes involved in laying down the
memory trace of the name and/or the face–name associa-
tion (Otten, Henson, & Rugg, 2002). The success of these
top–down control processes might have been particularly
important for maintaining active encoding through to the
third repetition, after the intrinsic novelty of the stimuli
had decreased. Lateral prefrontal regions have demon-
strated greater activity during associative encoding in many
tasks, including those requiring the association of faces and
names (Sperling et al., 2001, 2003). For example, Sperling
et al. (2003) demonstrated increased functional connec-
tivity between the anterior hippocampus and left inferior
prefrontal cortex, as well as between left inferior prefrontal
cortex and fusiform cortex, suggesting that left prefrontal
cortex supported the successful binding of faces and names,
through up-regulation of both face-specific and associative
processing. Connectivity between left prefrontal cortex
and posterior representations has also been recently shown
to be integral in supporting the successful binding of face–
house associations (Summerfield et al., 2006).

Conclusions

Studies examining the relationship between encoding ac-
tivity and retrieval success take advantage of item-by-item
variability in quality and quantity of attention, strategy,
and neural efficiency that ultimately lead to more success-
ful encoding for some items than others. The present study
suggests that when the intent is to encode a multimodal
association into episodic memory, the initial presentation

is critical for establishing a strong association, but the ex-
tent to which processing is sustained across subsequent
immediate (massed) presentations may provide additional
encoding support that serves to differentiate highly similar
pairs, particularly with regard to the less dominant or novel
stimulus dimension (i.e., names). However, the functional
role played by repetition cannot be univocally determined
by this study alone. Our participants were not assigned a
specific encoding task, and thus, we do not know if a par-
ticular strategy was adopted (e.g., imaging, rote rehearsal,
elaboration) or how that strategy might have changed dur-
ing the course of the three presentations. Future work is
necessary to address how, at a neural level, massed and dis-
tributed repetitions differ in their benefit toward stimulus–
stimulus associations, such as faces and names, and how
different mnemonic strategies can be utilized to maximize
successful encoding of face–name associations.
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