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& A repetition paradigm was used to assess the nature of affective modulation of early and late components of the eventrelated potential (ERP) during picture viewing. High-density
ERPs were measured while participants passively viewed affective or neutral pictures that were repeated up to 90 times each.
Both ERP components were modulated by emotional arousal,
with ERPs elicited when viewing pleasant and unpleasant pictures different than when viewing neutral pictures. On the other
hand, repetition had different effects on these two components.
The early occipitotemporal component (150–300 msec) primar-

INTRODUCTION
Event-related potentials (ERPs) measured during affective picture viewing consistently vary with emotional
arousal, with affective pictures (either pleasant or unpleasant) eliciting a larger, late positive potential (LPP)
from about 300–600 msec over the centroparietal cortex
(Schupp, Junghofer, Weike, & Hamm, 2004; Cuthbert,
Schupp, Bradley, Birbaumer, & Lang, 2000; Cacioppo,
Crites, Gardner, & Bernston, 1994) compared with
neutral pictures. In addition to the late positive potential, an earlier ERP component has been reported to
vary with emotional arousal in a window from about
150–300 msec, with affective stimuli prompting significantly less negativity over frontal sites and less positivity
over occipital sites compared with neutral pictures (e.g.,
Schupp et al., 2004). This earlier component sometimes
differs only for pleasant pictures, or is most pronounced
for pleasant pictures (De Cesarei & Codispoti, 2006;
Schupp et al., 2004; Keil et al., 2002).
Both effects have been interpreted as reflecting enhanced attention to motivationally relevant pictures, but
little is known regarding the precise nature of the mechanisms involved in these modulatory effects. In the current study, we utilize a repetition paradigm to explore
the cognitive processes underlying the magnitude and
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ily showed a decrease in amplitude within a block of repetitions
that did not differ as a function of picture content. The late
centroparietal component (300–600 msec) showed a decrease
both between and within blocks of repetitions, with neutral
pictures eliciting no late positive potential in the final block
of the study. The data suggest that the early ERP primarily reflects obligatory perceptual processing that is facilitated by active short-term memory representations, whereas the late ERP
reflects increased resource allocation due to the motivational
relevance of affective cues. &

modulation of early and late ERPs by emotional arousal
during picture viewing. There is considerable evidence
that prior exposure to a stimulus affects subsequent
attentional processes and orienting responses (Bradley,
Lang, & Cuthbert, 1993; Siddle, 1991; Sokolov, 1963),
with repetition prompting a decrease in responding due
to a loss of novelty and salience. Habituation of responding to stimuli that are repeatedly processed is a central
feature of stimulus orienting theories (Thompson &
Spencer, 1966; Harris, 1943) and is held to reflect reduced attentional processing of a stimulus as its novelty
wanes (Öhman, 1992; Siddle & Spinks, 1992; Kahneman,
1973). On the other hand, encoding processes related
to sensory and perceptual intake are not expected to
habituate, despite repetition, as they reflect the basic
processing necessary for even recognizing that a stimulus has been previously presented. Thus, the nature of
repetition effects on ERPs during picture viewing and
how these impact affective modulation of early and late
ERPs could shed light on the nature of the processes
reflected in these ERP components.
If differential processing at the early stage of visual
information processing is triggered by relevant perceptual features through a bottom-up, sensory-driven mechanism, modulation of this component should be less
affected by picture repetition, particularly to the extent
that it represents obligatory perceptual processing. On
the other hand, to the extent that an ERP represents
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sion continued to depict pleasant, neutral, and unpleasant content, we expected a higher correlation between
sessions for the late ERP, which is presumed to reflect
heightened attention to motivationally relevant material.
Finally, to determine whether affective modulation of
early and late ERPs reflects the operation of the same
cognitive process, we assessed the covariation between
these modulatory effects on a within-participant basis.
If these ERPs reflected the same process, we expected a
significant correlation in the magnitude of the modulatory effect obtained in the early and late ERP windows.
To the extent that they reflect different perceptual and
attentional processes, the magnitude of the modulatory
effects should not be related.

METHODS
Participants
Participants were 24 students (12 men) from the University of Bologna ranging in age from 21 to 28 years. Blood
phobia was evaluated by using the Mutilation Questionnaire (Klorman, Weerts, Hastings, Melamed, & Lang,
1974), and participants scoring above 18 were excluded.
Informed consent was obtained from each participant;
participants were not paid for their participation.
Materials and Procedure
Each person participated in two sessions separated by
10 days. In each session, 1800 pictures were presented
for 1 sec each, arranged in three habituation blocks
(450 pictures each) and one dishabituation block (450
pictures). The same 15 pictures (5 pleasant, 5 neutral,
5 unpleasant) were presented in each of the three habituation blocks; a new set of 15 pictures was presented
in the dishabituation block. Between each block, a
2-min break was given. Within each of the three habituation blocks, pictures were presented in three subblocks consisting of 150 picture presentations (10 per
picture; 50 per hedonic valence content).
Sixty pictures were selected from the International Affective Picture System (IAPS; Lang, Bradley, & Cuthbert,
2005), depicting 20 unpleasant scenes (mutilated bodies), 20 pleasant scenes (erotic couples), and 20 neutral
scenes (people). The 60 pictures were divided into four
sets of 15 (five of each affective valence) and a different
set of pictures was presented in Session 1 and Session
2 and during the habituation and dishabituation blocks.
Sets of pictures were randomly assigned to each experimental condition.
In each session the experimental procedure was the
same. Subjects were seated in a recliner in a dimly lit
sound-attenuated room. After filling out the informed
consent form (and, during the first session, the Mutilation Questionnaire), the electro-cap (Electro-Cap International, Inc., San Diego, CA) was attached. The participant

Volume 19, Number 4

Downloaded from Downloaded
http://mitprc.silverchair.com/jocn/article-pdf/19/4/577/1816406/jocn.2007.19.4.577.pdf
from http://direct.mit.edu/jocn/article-pdf/19/4/577/1936293/jocn.2007.19.4.577.pdf by guest on 22 September
by guest
2021 on 18 May 2021

differential allocation of attentional resources, modulation of this component should decrease with picture repetition, reflecting less resource allocation to the picture
as its novelty and salience decrease. According to this
scenario, effects of repetition on the ERP provide a window to whether early and late effects of hedonic valence
during picture viewing reflect perceptual or attentional
processing.
The present research used a dense sensor (60 channels) electroencephalographic (EEG) array to measure
early and late ERPs in a repetition paradigm. Participants
viewed a set of 15 pictures (5 pleasant, 5 neutral, and
5 unpleasant) that were repeated 90 times each across
three blocks in a habituation phase, in which each block
was separated by a brief interblock interval (2 min). Within each block of 450 pictures, ERPs were assessed in
three subblocks of 50 (10 repetitions per picture) for
each picture content. This design allows an assessment
of both within-block repetition effects, as well as habituation effects across blocks of repetition.
Attenuation of ERPs within a block of picture presentations could reflect differences in perceptual processing
due to active short-term memory representations that
facilitate initial processing. Several studies have demonstrated that behavioral reaction times are reduced by
stimulus repetition (Delorme, Rousselet, Mace, & FabreThorpe, 2004; Fabre-Thorpe, Delorme, Marlot, & Thorpe,
2001; Wiggs & Martin, 1998), presumably reflecting activation of short-term memory representations, which speed
up perceptual processing via top–down influences that
preset lower levels of the visual pathway to the currently
activated stimulus features. On the other hand, attenuation of ERP magnitude across blocks in the habituation
phase could reflect a longer term habituation process that
reflects changes in resource allocation as the pictures become less novel with repetition. Assuming that neutral
pictures elicit few attentional resources even when novel,
we expect larger effects of repetition across blocks for affective pictures. To rule out interpretations of decreased
amplitude (in either early or late ERPs) to fatigue, a new
set of pictures was presented at the end of the habituation phase. We expected full recovery if ERP amplitude
changes reflect stimulus-specific habituation.
We also assessed the temporal stability of both repetition and affective modulation of the early and late ERP
components as an additional method for determining
the mechanisms underlying early and late ERPs during
picture viewing. Ten days after the initial study, participants returned to the laboratory and viewed a new set of
affective and neutral pictures using the same repetition
paradigm. If early affective modulation of the ERPs reflected a perceptual process triggered by the detection
of object-relevant visual features (Ullman, Vidal-Naquet,
& Sali, 2002), we expected less stability in this component, as the perceptual features and content of the
pictures differ from one session to the next. On the
other hand, because the new pictures in the second ses-

EEG Recording and Data Processing
Electroencephalographic signals were recorded from
60-channel tin electrodes (Ag/AgCl) mounted in an elastic cap (Electro-Cap International, Inc.). Scalp impedance for each sensor was kept below 5 k . Data were
acquired referenced to CZ, and the average reference
was calculated off-line. Vertical and horizontal eye movements were recorded using Sensormedics Ag/AgCl miniature electrodes. Data were low-pass filtered at 30 Hz
and sampled at 250 Hz for 1500 msec (500 msec prestimulus and 1000 msec poststimulus onset).
Single-trial epochs were corrected for vertical and
horizontal eye movements by using a correlative eye
movement algorithm (Miller, Gratton, & Yee, 1988). Data
editing and artifact rejection were done using statistical control of artifacts ( Junghöfer, Elbert, Tucker, &
Rockstroh, 2000). For each participant and picture valence, ERPs were averaged separately in three subblocks
of 50 (10 repetitions  5 pictures) for each picture
content for each of the three habituation blocks and for
the dishabituation block.
A temporal principal components analysis conducted
using all participants, all sensors, and all conditions resulted in two components that accounted for 94% of
the variance. Accordingly, two time windows were selected and analyzed, including an early window between
150 and 300 msec and a later interval between 300 and
600 msec following picture onset.
In order to investigate the topography of the effects of
repetition and emotion, voltages at 60 electrodes were
averaged into eight clusters: frontal (left: Fp1, AF3, F7,
F5; right: Fp2, AF4, F8, F6), centrofrontal (left: F3, F1,
FC5, FC3, FC1; right: F4, F2, FC6, FC4, FC2), centroparietal (left: C3, C1, CP1, CP3, P1, P3; right: C4, C2, CP2,
CP4, P2, P4), and occipitotemporal sites (left: TP7, T5,
P5, PO7, PO5, PO3, O1, POZ, OZ; right: TP8, T6, P6, PO8,
PO6, PO4, O2).
These data were submitted to repeated measures
analysis of variance (ANOVA; using the Greenhouse–
Geisser correction) for factors of Region (four levels:
frontal, frontocentral, centroparietal, and occipitotemporal), Hemisphere (two levels: left and right), Block
(three levels: three blocks of the habituation phase),
Subblocks (three levels: three subblocks within each
block), and Valence (three levels: pleasant, neutral,

unpleasant) for the habituation phase. For the dishabituation, the same analyses, excluding the Block factor,
were conducted.

RESULTS
Figure 1 illustrates averaged ERP waveforms for pleasant,
neutral, and unpleasant pictures averaged across the
habituation and the novel phase for each sensor. When
session was included as a factor, this factor did not result
in any significant main effects or interactions for ERPs
analyzed in either early (150–300 msec) or late time windows (300–600 msec); thus, data were averaged across
session in all analyses.
Early ERP Interval (150–300 msec)
A significant Region  Subblock interaction, F(6,138) =
13.41, p < .0001, h2 = .37, indicated that repetition affected the magnitude of the early ERP component within a block of presentations. As Figure 2 illustrates, ERPs
measured over occipitotemporal sites showed a linear
decrease in positivity across picture repetitions within a
block, F(1,23) = 19.62, p < .0001, h2 = .46; in a related
manner, ERP over frontocentral sites showed a linear
increase in negativity across the picture repetitions within a block, F(1,23) > 19, p < .0001, h2 > .46. On the
other hand, as illustrated in Figure 2, the amplitude of
these early ERP components fully recovered to initial levels following the brief interblock interval, as evidenced
by the lack of a main effect across Block in the habituation phase, or any interactions involving Block.
A Region  Valence interaction, F(6,138) = 47.30, p <
.0001, h2 = .67, indicated that, over occipitotemporal
sites, emotional pictures prompted significantly less positivity than neutral pictures [quadratic: F(1,23) = 69.93,
p < .0001, h2 = .75], with less positivity for pleasant
compared with unpleasant pictures, F(1,23) = 30.16, p <
.0001, h2 = .56. At frontocentral sites, the pattern was
similar, but opposite in polarity, with emotional pictures
prompting less negativity then neutral pictures [quadratic:
F(1,23) = 52.48, p < .0001, h2 = .69] and pleasant pictures prompting less negativity than unpleasant pictures
F(1,23) = 29.50, p < .0001, h2 = .56. Effects of valence
in other regions included greater positivity for emotional
(pleasant or unpleasant) compared with neutral pictures
over centroparietal sensors [quadratic: F(1,23) = 196.65,
p < .0001, h2 = .89], and less negativity over frontal regions specifically for pleasant pictures compared to neutral pictures, F(1,23) = 33.05, p < .0001, h2 = .59.
A Region  Subblock  Valence interaction, F(12,276) =
2.49, p < .05, h2 = .09, primarily indicated that the decrease in ERP amplitude across subblocks in occipitotemporal and centrofrontal regions was less pronounced
for pleasant compared with neutral or unpleasant pictures.
No effects involving laterality were found.

Codispoti, Ferrari, and Bradley

579

Downloaded from Downloaded
http://mitprc.silverchair.com/jocn/article-pdf/19/4/577/1816406/jocn.2007.19.4.577.pdf
from http://direct.mit.edu/jocn/article-pdf/19/4/577/1936293/jocn.2007.19.4.577.pdf by guest on 22 September
by guest
2021 on 18 May 2021

was instructed to simply view a series of pictures that
would be presented on the screen. Pictures were presented for 1 sec on a white screen located approximately
80 cm from the participant’s eyes. E-Prime software synchronized the presentation of the stimuli and triggered
EEG recording on each trial. The order of picture presentation was pseudorandomized with the restriction that
the same picture or a picture of the same valence could
not occur on more than two consecutive trials. The interstimulus interval (ISI) varied between 2 and 3 sec.

Figure 1. Grand-averaged
ERPs elicited by pleasant (thin
line), neutral (dotted line),
and unpleasant (thick line)
pictures. Negative is plotted
up and frontal electrodes are
shown at the top of the figure.
Waveforms reflect means
across blocks and sessions
for 24 participants.

In the novel phase, ERPs in the early time window did
not differ significantly from those elicited in the first
block of the study for any picture content. Again, ERP
amplitudes decreased across subblocks over centrofrontal and occipitotemporal regions, Fs(2,46) > 11.1, ps <
.001, h2 > .33.

Late Interval (300–600 msec)
A Block  Subblock  Region interaction, F(12,276) =
2.66, p < .05, h2 = .09, indicated habituation of the late
component across both blocks and subblocks of picture repetition. As illustrated in Figure 3, a significant
Block  Subblock interaction over centroparietal sensors, F(4,92) = 12.3, p < .001, h2 = .35, indicated (1)
the late positive potential decreased across blocks of
habituation, with a decrease from Block 1 to Block 2,
F(1,23) = 37.18, p < .0001, h2 = .62, and from Block 2
to 3, F(1,23) = 5.59, p < .05, h2 = .19, and (2) the decrease in the late positive potential across subblocks
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was most pronounced in the first block of habituation,
F(2,46) = 20.15, p < .0001 h2 = .47. Thus, the LPP
decreased in magnitude across and within blocks in the
habituation phase.
Differences as a function of picture content across
blocks of habituation were signaled by a Valence 
Block  Region interaction, F(12,276) = 3.98, p < .001,
h2 = .15. Over centroparietal sensors, a Block  Valence
interaction, F(4,92) = 13.31, p < .0001, h2 = .37, was
followed by simple main effect tests. ERPs were more
positive when viewing emotional compared with neutral
pictures in each of the three blocks of habituation, as
illustrated in Figure 3, Fs(2,46) > 76, ps < .0001, h2 >
.77. Moreover, there was a significant effect of Block for
each picture content [pleasant: F(2,46) = 27.5, p < .0001,
h2 = .54; neutral: F(2,46) = 6.14, p < .05, h2 = .21;
unpleasant: F(2,46) = 50.3, p < .0001, h2 = .69]. On the
other hand, whereas late positive potential amplitude in
Block 3 continued to decrease relative to Block 2 for
emotional pictures, F(1,23) = 6.1, p < .05, h2 = .21,
there was no further reduction between Blocks 2 and
3 for neutral pictures; in fact, late positive potentials
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Novel Phase

elicited in the third block of neutral picture viewing
were not significantly different than zero.
Over frontal sites, a significant Block  Valence interaction, F(4,92) = 3.69, p < .05, h2 = .13, similarly indicated that neutral pictures showed a smaller decrease
(in negativity) across blocks (mean: Block 1 = 4.29,
Block 2 = 3.82, Block 3 = 3.74), compared to
emotional pictures (mean: Block 1 = 5,17, Block 2 =
4,26, Block 3 = 4,11), Fs(1,23) > 4, ps < .05, h2 > .21.
A three-way interaction involving Region, Subblock,
and Valence, F(12,276) = 2.7, p < .05, h2 = .11, primarily indicated that a decrease in late positive potential
amplitude across subblocks over occipitotemporal and
centrofrontal regions was less pronounced for pleasant
pictures compared with neutral or unpleasant pictures.
An interaction of Region and Laterality, F(1,23) = 14.1,
p < .001, h2 = .38, resulted from the fact that potentials
were overall more positive over the right hemisphere
compared with the left hemisphere for sensors in the
centroparietal (mean: right = 1.20, left = 0.92) and occipitotemporal (mean: right = 4.6, left = 3.90) regions.
There were no effects of laterality involving picture content, block, or subblock.

Novel Phase
In the novel phase, the late positive potential was equivalent in magnitude to that elicited in the first block of the
habituation phase, with emotional pictures again prompting a larger late positive potential over centroparietal
sensors than neutral pictures, F(2,46) = 135.3, p < .0001,
h2 = .85, that were significantly larger than those elicited
in the last block of habituation ( ps < .005).

Temporal Stability
To determine the temporal stability of the late positive
potential effects, a correlation was conducted using the
group means, 3 (picture content)  3 (habituation
blocks)  3 (subblocks), from the initial session and from
the session conducted 10 days later. Figure 4 illustrates
the high temporal stability of the late positive potential
across sessions: In each session, picture repetition decreased the magnitude of the late positive potential,
and, in both sessions, affective pictures prompted larger
late positive potentials than neutral pictures. In addition,
the intra-individual temporal stability of the late positive
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Figure 2. Top left: Mean ERP amplitude in the early window (150–300 msec) for occipitotemporal sensors decreases across subblocks in each
of the three blocks of habituation and in the dishabituation (novel) block. Top right: Mean early ERP amplitude shows a decrease within (i.e.,
subblock) but not across blocks of repetition. Bottom right: Grand-averaged ERP waveforms for occipitotemporal sensors in each of the three
subblocks (averaged over block) for pleasant, neutral, and unpleasant pictures. Bottom left: Scalp topography of the difference in early ERP
amplitude between the last and first subblock illustrates the within-block habituation effect for the early ERP.

potential modulation was calculated for each participant,
using the same data. As shown in the inset of Figure 4,
91% of the participants showed a statistically significant
correlation between the modulatory effects of repetition
and emotion on the late positive potential in Session 1
and Session 2, and the mean of the individual correlations
was significant (r = .55, p < .001). For the early component, on the other hand, the mean correlation across
participants was weak and not significant.

the difference between emotional and neutral pictures
for the early and late ERP components (over occipital
and centroparietal sensors, respectively) measured during each block of the study in each session. The correlation, averaged over participants, was low (r = .03)
and not significant, suggesting that different processes
contribute to these modulatory effects in the early and
late ERPs.

Correlation between Early and Late
ERP Components

DISCUSSION

To determine the relationship between the effects of
picture content on the early and late ERPs, a correlation analysis was conducted for each participant using

582

Journal of Cognitive Neuroscience

In this study, we used a picture repetition paradigm to
assess the cognitive processes underlying affective modulation of early and late ERPs and to determine how
repetition affects short- and long-term habituation of each
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Figure 3. Top left: Mean ERP amplitude in the late window (300–600 msec) for centroparietal sensors decreases across both blocks and subblocks
in the habituation and in the dishabituation (novel) block. Top right: The mean late positive potential shows a decrease as a function of repetition
both within (i.e., subblock) and across blocks of repetition. Bottom: Grand-averaged ERP waveforms over centroparietal sensors for pleasant,
neutral, and unpleasant pictures in the first, second, and third blocks of repetition in the habituation phase. The inset in each graph illustrates the
scalp topography of the difference between emotional and neutral picture processing.

component. The data indicate that these two ERP components may reflect different stages of picture processing.
Although both components were similarly modulated by
emotional arousal, picture repetition had different effects.
Moreover, there was no correlation between the magnitude of modulation by emotion in the early and late ERP
windows within individuals, and, whereas the late positive potential showed stability between sessions, the early
component did not. Taken together, the data are consistent with an interpretation that the early and late ERPs
reflect different cognitive processes.
The late positive potential, maximal in a 300- to
600-msec window over centroparietal sensors, decreased
in magnitude across both subblocks and blocks of habituation, consistent with a hypothesis that fewer resources were allocated to these pictures as their novelty
and salience declined. Nonetheless, emotional pictures
continued to elicit larger late positive potentials than
neutral pictures, suggesting that affectively engaging pictures continue to draw attentional resources, despite
previous presentation. For neutral pictures, on the other
hand, the late positive potential was relatively small in
the first block of the study, and was on the floor by the
third block, with no change in its amplitude from Block

2 to Block 3. These data suggest that relatively few resources are allocated to neutral pictures, even when they
are novel, and further presentation attenuates late positive potential amplitude even more.
Differences in attentional resource allocation to emotionally engaging pictures compared with neutral pictures
is hypothesized to reflect activation in subcortical motivational circuits (Lang, Bradley, & Cuthbert, 1997) that
elicit orienting activity, in which the individual allocates
attention to the external and internal milieu in preparation for selecting and executing an appropriate response.
Finding between-session stability in affective modulation
of the late positive potential—when completely new
pictures were presented in Session 2—supports the idea
that this component reflects processing specific to the
affective nature of the stimuli rather than to specific pictures. Moreover, that affective modulation for emotionally
engaging pictures is sustained despite multiple presentations suggests that activating mental representations
with strong associations to motivational circuits may reflexively heighten attention and intake.
This conclusion is similar to that reached in a previous
study in which, using a smaller electrode array and
longer intertrial intervals (20–30 sec), we also observed
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Figure 4. The correlation between the average (group) amplitude of the late positive potential (300–600 msec) over centroparietal sensors in
each block and subblock of repetition across Sessions 1 and 2 (separated by 10 days) for pleasant, neutral, and unpleasant pictures. The inset
shows the distribution of ranked within-subject correlations of the late positive potential, using the same data.
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porting a hypothesis that the early ERP reflects perceptual processes involved in picture encoding, the
temporal stability of the early component was weak between the week-apart habituation sessions, in which the
specific pictures were also changed.
Consistent with an interpretation of perceptual processing for the early component, a recent study found
that it was strongly affected by a perceptual manipulation
that varied picture size. Affective modulation of the early
ERP component (150–300 msec) was reduced and delayed in smaller (visual angle, 2.688 horizontal  2.058)
compared with larger displays (21.238  16.228), whereas
affective modulation of the late positive potential was
completely unaffected by stimulus size (De Cesarei &
Codispoti, 2006). Similarly, studies using explicit categorization tasks have consistently shown that when discriminability of an image is reduced, early modulation in the
150- to 300-msec latency range is largely reduced (Macé,
Thorpe, & Fabre-Thorpe, 2005; Goffaux, Gauthier, &
Rossion, 2003). Finally, a recent study that varied picture
complexity found that modulation of the early ERP component was completely accounted for by whether the
picture portrayed a simple figure–ground composition or
a complex scene, with no effects of emotional arousal
once stimulus complexity was controlled (Bradley, Löw,
& Lang, in press). Taken together these findings suggest
that this early occipitotemporal component reflects lowlevel stimulus processing that is required for initial stimulus identification and recognition.
Assuming the early ERP primarily reflects perceptual
processing, what might account for the differences in
this component as a function of picture content in the
current and previous studies? One hypothesis is that,
whereas the emotional pictures used in the current
study involved perceptually similar exemplars (i.e., erotica, mutilations), the neutral pictures depicted a variety
of different semantic contexts and scenes, which may
have placed more demands on perceptual encoding.
Or it is possible that specific features of affective pictures (e.g., body parts) are simpler or more salient
than the features present in the neutral pictures. The
fact that early effects are typically more pronounced
for erotic pictures, as was the case here, supports a
hypothesis that specific features may be simpler to
process. Clearly, these and other hypotheses can be assessed in future studies.
The data are not compatible with a hypothesis that
modulation of either the early or late ERP components
reflects an overall waning of alertness, as ERPs recovered
completely when novel pictures were presented at the
end of the habituation. Moreover, the data do not
support the idea that differences in the magnitude of
either the early or late positive potential for emotional
and neutral pictures reflect sheer differences in familiarity: After up to 90 repetitions, presumably all of the
pictures were quite familiar, and yet differences in picture content continued to affect both components.
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sustained affective modulation of the late positive potential after multiple repetitions (Codispoti, Ferrari, &
Bradley, 2006). Because it is well established that the
rate of habituation is heavily dependent on the ISI (e.g.,
Romero & Polich, 1996; Polich, 1990), one issue in that
study concerned whether the long intertrial intervals
(ITIs) permitted recovery. In the current study, using
much shorter ITIs (2–3 sec), we obtained the same
pattern, supporting a hypothesis that differential resource allocation is an obligatory component of affective
picture processing.
In topography and timing, the late positive potential
and the P3 component of the ERP are similar, and the
P3 has also been considered to reflect the attentional
capacity allocated to the categorization of significant
events (Kok, 2001). Several lines of evidence suggest that
the P3 elicited by motivationally significant stimuli may
reflect a phasic enhancement in the cerebral cortex induced by locus-coeruleus-mediated release of noradrenaline (Nieuwenhuis, Aston-Jones, & Cohen, 2005; Berridge
& Waterhouse, 2003; Pineda, Foote, & Neville, 1989). Interestingly, several studies seem to indicate that whereas
locus coeruleus cells show rapid habituation following
repetitive exposure to the same sensory stimuli (Bouret &
Sara, 2005; Herve-Minvielle & Sara, 1995; Vankov, HerveMinvielle, & Sara, 1995; Swick, Pineda, Schacher, & Foote,
1994; Foote, Aston-Jones, & Bloom, 1980), little habituation of these neurons is observed when a cue signals
a motivationally relevant event (e.g., reward; Bouret &
Sara, 2004). Clearly, this neuroanatomical structure provides a mechanism for the sustained effects of affective
significance on the late positive potential, regardless of
repetition.
The early ERP component, which was maximal in a
window from 150 to 300 msec over occipitotemporal
and frontocentral sensors, was similarly affected by
emotional arousal, with pleasant and unpleasant stimuli
prompting less positivity than neutral pictures over occipitotemporal sensors, and less negativity over centrofrontal sensors. On the other hand, whereas this early
ERP component decreased across subblocks in the habituation phase, it recovered completely following a brief
pause between blocks, despite the fact that the identical
pictures continued to be presented. Moreover, unlike
the late positive potential, the decrease across subblocks
was not modulated by emotional arousal, with an equivalent decrease for unpleasant and neutral pictures.
Taken together, the data suggest that the within-block
repetition effects for the early ERP component might reflect increased perceptual fluency ( Jacoby & Dallas, 1981)
due to the contribution of an active short-term memory
representation, in which recently presented information contributes, in a top-down fashion, to the perceptual processing of the current stimulus. Following the
2-min interblock break, these short-term representations
are no longer available, prompting a full recovery in the
perceptual process for parsing the picture content. Sup-
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For theories of emotion, perhaps the most surprising
result is that, despite massive repetition, differential neural processing of emotional, compared with neutral,
pictures continues to occur both early (150 msec) and
late (300 msec) in the processing stream. However,
these modulatory effects appear to reflect different processes. If early ERP differences reflect obligatory perceptual processing, the data suggest that photographs of
natural scenes, unlike simpler sensory cues (i.e., letters,
words, geometric figures), are visually complex stimuli
that continue to demand measurable encoding on each
presentation. Nonetheless, this processing can be facilitated by the activation of short-term representations
of visual stimuli, increasing perceptual fluency, as suggested by the strong within-block habituation of this
early occipitotemporal ERP component.
The late positive potential, on the other hand, does
appear to reliably index affective significance; its sustained presence through multiple repetitions presumably occurs due to continued motivational activation by
the visual cue, via long-standing associations to the subcortical appetitive and defensive systems that reflexively
direct and orient attention. Although effects of emotion
for these complex picture stimuli generally occur relatively late in the processing stream, greater centroparietal positivity during affective picture viewing was also
obtained in the earlier time window, suggesting that
repetition may facilitate the speed in allocating ‘‘natural selective attention’’ to motivationally relevant cues
(Bradley, 2002). Attention can also be strategically directed to relevant stimuli via task or instructions, and
studies of directed attention generally find that the centroparietal positive potential to a task-relevant cue similarly shows no habituation, whereas habituation to a
task-irrelevant cue occurs quickly (Polich & Criado,
2006; Bennington & Polich, 1999; Roth, 1983). One
hypothesis is that ‘‘cold’’ cognition has hijacked the attentional circuits that initially evolved to protect and
sustain the life of the individual and the species, with the
result that motivationally relevant cues and task-relevant
(neutral) cues will tend to have similar effects on the late
positive potential.
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