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Visual attention can be voluntarily directed toward stimuli and is attracted by stimuli that are emotionally significant. The present study
explored the case when both processes coincide and attention is directed to emotional stimuli. Participants viewed a rapid and continu-
ous stream of high-arousing erotica and mutilation stimuli as well as low-arousing control images. Each of the three stimulus categories
served in separate runs as target or nontarget category. Event-related brain potential measures revealed that the interaction of attention
and emotion varied for specific processing stages. The effects of attention and emotional significance operated additively during percep-
tual encoding indexed by negative-going potentials over posterior regions (�200 –350 ms after stimulus onset). In contrast, thought to
reflect the process of stimulus evaluation, P3 target effects (�400 – 600 ms after stimulus onset) were markedly augmented when erotica
and mutilation compared with control stimuli were the focus of attention. Thus, emotion potentiated attention effects specifically during
later stages of processing. These findings suggest to specify the interaction of attention and emotion in distinct processing stages.
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Introduction
The preferential processing of high-priority stimuli in the envi-
ronment is an essential function of selective attention. The neural
signature of explicitly directed attention toward visual features,
objects, and higher-order semantic categories has been assessed
in recent cognitive neuroscience studies. When attending to spe-
cific stimulus features, functional magnetic resonance imaging
(fMRI) studies revealed accentuated activations in occipital and
inferior temporal cortical regions preferentially engaged by spe-
cific stimulus attributes (Kastner and Ungerleider, 2000). Detail-
ing the temporal characteristics of attentional selection, event-
related potential (ERPs) studies revealed the operation of
selective attention in specific processing stages. Attention to dis-
tinct stimulus features or higher-order categorizations defined by
semantic meaning is associated with a broadly distributed nega-
tive ERP difference over temporo-occipital regions occurring
�150 –350 ms after stimulus onset. This occipital negativity ef-
fect reflects a transitory processing period at which task-relevant
stimuli are presumably selected for elaborate processing (Potts
and Tucker, 2001; Delorme et al., 2004; Codispoti et al., 2006a).
Subsequently, target compared with nontarget stimulus process-
ing is associated with an enlarged P3 wave, representing the most
explored ERP index in selective attention paradigms. The P3 is
typically observed as centroparietal positivity occurring between
300 and 700 ms after stimulus onset, serving as a measure of

stimulus evaluation (Johnson, 1988). Thus, ERP components
with distinct polarity, topography, and timing reveal selective
attention effects at the level of fleeting processing stages.

In addition to voluntary attention, emotional stimuli may
command attentional resources and priority processing because
of their intrinsic stimulus significance (Vuilleumier, 2005). fMRI
studies revealed increased activations by emotionally arousing
pictures in occipital, parietal, and inferior temporal cortex (Brad-
ley et al., 2003; Junghöfer et al., 2005, 2006; Sabatinelli et al.,
2005). Furthermore, ERP research determined that the process-
ing of high-arousing pleasant and unpleasant compared with
low-arousing control images is associated with a negative-going
potential over temporo-occipital sensor regions �150 –300 ms
after stimulus onset, followed by increased positive potentials
over centroparietal regions (Junghöfer et al., 2001; Keil et al.,
2002; Schupp et al., 2003). Accordingly, processing of emotional
cues is associated with similar ERP effects as observed for explic-
itly directed attention.

What will happen when both processes coincide and emo-
tional stimuli become the focus of attention? Given their signifi-
cance for survival, reproduction, and procreation, explicit atten-
tion effects might be accentuated for the processing of
emotionally significant stimuli. Providing evidence for a syner-
gistic relationship, emotion potentiated the effects of attention
on low-level visual processing in stimulus-driven attention
(Phelps et al., 2006). Alternatively, as observed with explicit spa-
tial attention manipulations (Keil et al., 2004), emotion and at-
tention may operate simultaneously but independently from
each other. Finally, the effects of paying attention to emotion may
vary for specific processing stages. To assure that high-priority
stimuli gain access to capacity-limited processes associated with
focused attention and conscious recognition, emotion may po-

Received April 4, 2006; revised Nov. 7, 2006; accepted Nov. 28, 2006.
This work was supported by the German Research Foundation.
Correspondence should be addressed to Dr. Harald T. Schupp, Institute of Psychology, University of Konstanz, P.O.

Box D36, 78457 Konstanz, Germany. E-mail: Harald.Schupp@uni-konstanz.de.
DOI:10.1523/JNEUROSCI.3223-06.2007

Copyright © 2007 Society for Neuroscience 0270-6474/07/271082-08$15.00/0

1082 • The Journal of Neuroscience, January 31, 2007 • 27(5):1082–1089



tentiate selective attention particularly during later stages of stim-
ulus processing (Öhman et al., 2000). To determine the relation-
ship of emotional significance and directed attention,
participants viewed a rapid and continuous stream of erotica,
mutilations, and low-arousing people images, while each stimu-
lus category served in separate runs as target and nontarget
category.

Materials and Methods
Participants
Participants were 16 (eight females) right-handed introductory psychol-
ogy students from the University of Greifswald. They received course
credits toward their research requirements and could receive a maximum
of 9 Euro with perfect behavioral performance in the counting task.
Participants were between the ages of 19 and 32 years [mean (M), 25].
The participants provided written informed consent for the protocol
approved by the Review Board of the University of Greifswald.

Stimulus materials and task
Participants viewed 30 pictures from the International Affective Picture
System (IAPS), a collection of standardized photographic materials
(Lang et al., 2005). The three picture categories consisted of 10 picture
contents showing heterosexual couples or males/females alone in erotic
postures (erotica), 10 images depicting scenes of mutilation and injury
(mutilation), and 10 pictures showing couples and individual people in
everyday life situations (people). Stimulus selection was based on previ-
ous studies establishing that images of erotica and mutilation compared
with people are associated with pronounced differences across emotional
response channels including measures of physiological arousal (e.g., skin
conductance) and defensive reflex activity (Bradley et al., 2001), fMRI–
blood oxygenation level-dependent signal changes in inferotemporal
cortex and amygdala (Sabatinelli et al., 2005), and the ERP components,
which are the subject matter in the present study (cf. Schupp et al., 2003,
2006b). According to normative ratings (Lang et al., 2005), mutilation
pictures were rated as unpleasant compared with pictures of erotica and
people (valence M: 1.7, 6.6, and 6.5, respectively). Furthermore, erotica
and mutilation pictures were associated with strongly increased ratings
of stimulus arousal compared with people pictures (arousal M: 6.4, 6.2,
and 3.8, respectively). All images showed humans (alone or in small
groups) and had simple figure/ground distinctions.

The experiment consisted of four separate conditions: participants
were asked to either silently count the (1) erotic, (2) people, or (3) mu-
tilation stimulus category or (4) simply view the stimuli without any
explicit task instruction. The order of the four experimental conditions
was balanced across participants. During the attention tasks, participants
were asked at irregular intervals how many target pictures they have
identified. Within each condition, the set of 30 pictures was repeated 20
times in a perceptually random order according to the valence of the
stimuli. Recent studies determined the near absence of habituation in
selective emotion processing indexed by the negative-going potential
over posterior regions and the late positive potential suggesting that
stimulus novelty is not critical for these emotional ERP modulations
(Codispoti et al., 2006b; Schupp et al., 2006a).

To increase perceptual demands, pictures were shown as a continuous
stream without perceivable interstimulus gaps and presentation times of
333 ms of each individual exemplar (rapid serial visual presentation).

ERP recordings and analysis
Brain and ocular scalp potential fields were measured with a 129 lead
geodesic sensor net, on-line bandpass filtered from 0.01 to 100 Hz, and
sampled at 250 Hz using Netstation acquisition software and Electrical
Geodesics (EGI; Eugene, OR) amplifiers. Electrode impedance was kept
below 30 k�, as recommended for this type of electroencephalogram
(EEG) amplifier by EGI guidelines. Data were recorded continuously
with the vertex sensor as the reference electrode. A 30 Hz digital low-pass
filter was applied off-line to the continuous EEG data. Stimulus synchro-
nized epochs lasting from 100 ms before until 800 ms after picture onset
were extracted. Data editing and artifact rejection were based on an elab-

orate method for statistical control of artifacts, specifically tailored for
the analyses of dense-sensor ERP recordings (Junghöfer et al., 2000). The
reported data were baseline corrected and converted to an average refer-
ence. Finally, separate average waveforms were calculated for the six
experimental cells (three picture categories by target and nontarget con-
ditions, respectively) for each sensor and participant.

Early differential ERP activity: posterior negative potentials
In selective attention studies, the effect of task relevance associated with
target compared with nontarget processing is best observed as differen-
tial ERP activity in a time interval between 150 and 350 ms (Hillyard and
Anllo-Vento, 1998). Across widely differing overall ERP topographies,
the signature of this early selective attention effect appeared invariably as
negative difference potential over temporo-occipital sensor regions, also
referred to as selection negativity or N2 (Smid et al., 1999; Potts and
Tucker, 2001; Codispoti et al., 2006a). Rather than exploring the func-
tional significance of selected ERP peaks, this approach seeks to deter-
mine the ERP difference associated with attention and task relevance
while assuring that the same stimuli serve as the target and nontarget
category (cf. Luck, 2005). A similar pattern of results has been observed
in studies examining emotional stimuli. Emotionally arousing IAPS pic-
tures as well as emotional facial expressions are associated with a negative
difference potential in a time interval between 150 and 350 ms compared
with neutral control stimuli, although the overall ERP wave appeared
rather different across stimulus materials and experimental protocols (cf.
Junghöfer et al., 2001; Schupp et al., 2004b, 2006b). Visual inspection of
the ERP waveforms revealed the modulation of the ERP potential over
temporo-occipital regions as a function of both attention and emotion
(compare Fig. 1). For the purpose of statistical analysis, single-sensor
waveform and conventional repeated-measures ANOVAs were calcu-
lated. In single-sensor waveform analyses, 2 (attention) � 3 (emotion)
ANOVAs were calculated for each time point after picture onset sepa-
rately for each individual sensor. To control for spurious findings in the
waveform analysis, significant effects were considered meaningful only
when the effects were observed for at least eight continuous data points
(32 ms) and two neighboring sensors (cf. Schupp et al., 2003). Results
revealed highly significant main effects of attention and emotion in the
time interval from 200 to 350 ms and the expected regional topographies.
However, no significant interaction of attention and emotion was ob-
served within the first 350 ms after stimulus onset. To further character-
ize these effects, mean amplitudes from representative temporo-occipital
sensor clusters identified by both visual inspection and waveform analy-
ses were averaged over a time interval from 200 to 350 ms (EGI sensor
numbers of the left cluster: 56, 63, 64, 65, 66, 69, 70, 71, 74, 75; of the right
cluster: 83, 84, 85, 89, 90, 91, 95, 96, 100, 108). Because of volume con-
ductor effects, task and emotion effects over occipito-temporal areas are
observed with reversed polarity over anterior sites (cf. Schupp et al., 2003;
Codispoti et al., 2006b). Exploring these centrofrontal sensor sites mir-
rored the effects observed for the temporo-occipital clusters. For brevity,
this analysis will not be reported here.

Late differential ERP activity: the P3 wave
As expected, inspection of the ERP waveform revealed increased positive
potentials �350 – 650 ms after stimulus onset for target (vs nontarget)
and emotionally arousing (vs people) pictures, also referred to as P3b or
late positive potential (compare Fig. 2). Again, the outcome of the single-
sensor waveform and conventional ANOVAs were used in concert to
secure statistical significance attributed to attention and emotion. Wave-
form analyses confirmed the significance of the increased positive poten-
tials over centroparietal regions associated with target and emotion pro-
cessing. Furthermore, these main effects were qualified by a significant
interaction of attention and emotion. To further characterize these ef-
fects, mean amplitudes from representative temporo-occipital sensor
clusters identified by both visual inspection and waveform analyses were
averaged over a time interval from 400 to 600 ms (EGI sensor numbers of
the left cluster: 7, 13, 31, 32, 38, 43, 53, 54, 61; of the right cluster: 79, 80,
81, 87, 88, 94, 106, 107, 113). The P3 effect occurred at a latency at which
the target images were already replaced by the following stimuli. Thus,
representing a possible confound, P3 effects may be attributed to subse-
quent picture processing. However, this interpretation appears unlikely
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for several reasons. Previous studies already ob-
tained P3 waves with the expected topography
and latency in paradigms using rapid visual pre-
sentations (Vogel et al., 1998; Kranczioch et al.,
2003; Schupp et al., 2004a; Sergent et al., 2005).
In addition, considering the target and emotion
P3 effect observed in the present study, P3 ap-
peared with similar polarity, topography, and
latency as in studies without stimulus overlap
(Schupp et al., 2003; Codispoti et al., 2006a).
Furthermore, erotic, people, and mutilation
pictures were presented in a perceptually ran-
domized stimulus sequence equating the prob-
ability for the subsequent stimuli according to
emotional valence. Thus, neither the target nor
the emotion effect is likely contaminated by sys-
tematic differences in terms of the emotional
valence of the subsequent pictures. Finally, be-
cause the emotion and target P3 effect devel-
oped at �300 ms and continued for several
hundred milliseconds, the effect ascribed to the
subsequent picture would have been apparent
with short latency. Clearly, this hypothesis is
not plausible considering a latency of �150 –
200 ms for target and emotion effects with these
stimulus materials.

For effects involving repeated measures, the
Greenhouse–Geisser procedure was used to
correct for violations of sphericity.

Results
Behavioral data
Overall, behavioral performance was good
with an average of only 5.3% errors across
the three picture categories. A repeated-
measures ANOVA of the numbers of er-
rors revealed significant differences across
the three stimulus categories (F(2,30) � 7.4;
p � 0.01). Post hoc tests revealed inferior
performance when counting low-arousing
people images (M, 7.9; SD, 4.7) compared
with mutilation (M, 3.2; SD, 2.2) and
erotic (M, 4.9; SD, 4.7) images, reaching
significance only for the former compari-
son (F(1,15) � 14.0; p � 0.01).

ERP data
Early differential ERP activity: posterior
negative potentials
The selective processing of target stimuli is
usually referred to as negative difference
potential over temporo-occipital sensor
sites contrasting experimental conditions
in which the same stimuli serve as target
and nontarget stimuli (Hillyard and
Anllo-Vento, 1998). As shown in Figure 1A, the attention effect
appeared in the present study as broadly distributed negativity
over posterior sensor regions in a time window from 200 to 350
ms. Furthermore, differential processing of high-arousing emo-
tional compared with low-arousing images is captured as relative
negativity over posterior regions (cf. Schupp et al., 2006b). Rep-
licating these findings, the markedly pronounced emotion effect
is illustrated in Figure 1B. Of most interest, Figure 1C suggests an
additive relationship of attention and emotion (i.e., paying atten-
tion to emotional target stimuli has comparable effects as attend-
ing to neutral target stimuli).

To test for statistical significance, a repeated-measures
ANOVA was calculated including factors of attention (target vs
nontarget), emotion (erotica vs people vs mutilations), and lat-
erality (left vs right). As expected, target stimulus processing was
associated with an increased relative negativity compared with
the processing of the same stimuli serving as nontarget items
(�M � �0.74 �V; attention: F(1,15) � 49.2; p � 0.0001). Of most
interest, this effect was not further qualified by higher-order in-
teractions including attention and emotion (Fs � 1). The broadly
distributed negative potential difference for target compared
with nontarget stimuli was similarly pronounced for the three

Figure 1. Early differential ERP activity: posterior negative potentials. A, B, Grand-averaged ERP waveforms for a selected right
occipital sensor (number 90), difference scalp potential maps, and L2-minimum-norm estimates (L2-MNE) serve to illustrate the
main effects of attention (A) and emotion (B). C, ERP waveforms for sensor number 90 and difference scalp potential maps
(target � nontarget) for erotica, people, and mutilation picture contents illustrate the additive relationship of attention
and emotion. Paying attention to emotion had similar effects for high- and low-arousing stimulus contents. The maps display a
right view.
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stimulus categories (erotica, �M � �0.82; people, �M � 0.62;
mutilation, �M � 0.79 �V).

As shown in Figure 1B, the present data also replicated previ-
ous findings regarding the negative ERP difference over
temporo-occipital regions associated with the processing of emo-
tionally arousing picture contents (emotion: F(2,30) � 73.1; p �
0.0001). Post hoc tests revealed that erotica and mutilations were
associated with an increased negativity (�M � �4.0 and �0.8
�V, respectively) relative to low-arousing people stimuli (ts(15) �
9.4 and 3.7, respectively; p � 0.0001). In addition, as in previous
studies (Schupp et al., 2006a), the effect appeared more pro-
nounced for erotica compared with mutilation pictures (t(15) �
8.4; p � 0.002).

Furthermore, no higher-order interactions of laterality in-
volving attention or emotion were observed, whereas the poten-
tial was generally more negative over the right compared with the
left posterior region (laterality: F(1,15) � 5.2; p � 0.05).

Additionally, L2-minimum-norm solutions were calculated
to provide an estimate of the generator sources of the emotion
and attention effects. The L2-minimum-norm estimate enables
enhanced resolution of brain activations generating the scalp-
recorded field potentials without a priori assumptions regarding
the location and number of current sources (Hämäläinen and
Ilmoniemi, 1994). Calculation of the L2-minimum-norm was
based on a four-shell spherical head model with evenly distrib-
uted 3 (radial, azimuthal, and polar direction) � 350 dipoles as a
source model. A shell radius of 8 cm was chosen as best tradeoff
between depth sensitivity and spatial resolution (Hauk, 2004). As
shown in Figure 1B, selective processing of erotica and mutila-
tion contents was modeled by sources over occipito–temporal–
parietal cortical regions. Interestingly, albeit less pronounced,

similar posterior regions reflected effects of explicit attention to
target pictures (Fig. 1A).

Late differential ERP activity: the P3 wave
A hallmark finding in the cognitive neuroscience of attention are
increased P3 waves to target compared with nontarget stimuli
over centroparietal sensor sites (Johnson, 1988). In addition, the
processing of high-arousing emotional compared with low-
arousing images is associated with enlarged positive potentials
(Schupp et al., 2003). To show these effects, a representative right
parietal sensor is displayed in Figure 2A contrasting target and
nontarget processing in separate panels for the three stimulus
categories. Thus, increased P3 amplitudes for target compared
with nontarget pictures become readily visible, whereas the pro-
nounced effect of emotional arousal is only observed by compar-
ing the three panels. Interestingly, and in contrast to the early
differential ERP activity, Figure 2, A–C, reveals an interaction of
attention and emotion. Specifically, developing at �350 ms and
lasting for several hundred milliseconds, the centroparietal P3
target effect was potentiated when emotionally arousing cues
were the focus of attention.

A repeated-measures ANOVA including the factors of atten-
tion, emotion, and laterality served to test for statistical signifi-
cance. As expected, the P3 wave was enlarged for target (M, 1.1
�V) compared with nontarget (M, �0.3 �V) pictures (attention:
F(1,15) � 32.5; p � 0.0001). Interestingly, this effect was qualified
by a significant interaction of emotion and attention (F(2,30) �
7.7; p � 0.01). Although separate post hoc tests revealed signifi-
cantly enlarged P3 amplitudes for target compared with nontar-
get stimuli for low-arousing people stimuli (t(15) � 2.9, p � 0.02),
the effect appeared more pronounced for high-arousing erotic

Figure 2. P3 effects. A, Grand-averaged ERP waveforms for a selected right parietal sensor (number 80) as a function of attention and emotion. B, Difference ERP waves (target � nontarget)
collapsed across the left and right P3 sensor clusters for high-arousing erotica and mutilation and low-arousing people picture contents illustrate the synergistic relationship of attention and
emotion. Attention effects were potentiated for erotica and mutilation target pictures. C, Display of the scalp potential difference (target�nontarget) separately for the three picture categories (top
view). D, L2-minimum-norm estimates (right view) of the scalp potential difference separately for high-arousing emotional (erotica and mutilation) and low-arousing people picture categories.
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images (t(15) � 6.8; p � 0.0001) and high-arousing mutilation
contents (t(15) � 6.9; p � 0.0001). To statistically confirm that the
P3 target effect was amplified for high-arousing emotional cate-
gories, the P3 difference between target and nontarget processing
was contrasted for the three stimulus categories. The P3 target
effect was significantly enlarged for erotica (�M � 1.5 �V) and
mutilations (�M � 1.75 �V) compared with the people category
(�M � 0.9 �V; ts(15) � 2.6 and 3.6, respectively; p � 0.02).
Furthermore, the target P3 effect was comparable for high-
arousing erotica and mutilation categories (t(15) � �1.2; NS).

As in previous studies, positive potentials varied for the three
stimulus categories (emotion: F(2,30) � 62.5; p � 0.0001). Specif-
ically, positive potentials were markedly enlarged for erotica (M,
0.9 �V) and mutilations (M, 0.6 �V) compared with low-
arousing people images (M, �0.4 �V; ts(15) � 9.4 and 9.6, respec-
tively; p � 0.0001). In addition, although representing a small
effect in terms of amplitude difference (�M � 0.3 �V), positive
potentials to pictures of erotica were more pronounced com-
pared with mutilations (t(15) � 2.7; p � 0.02). Given the signifi-
cant interaction of attention and emotion, separate post hoc tests
confirmed that emotional compared with low-arousing control
pictures were associated with increased positive potentials for
target and nontarget processing (ts(15) � 5.6; p � 0.0001),
whereas the difference between erotica and mutilation was signif-
icant only during nontarget picture processing (�M � 0.4 �V;
t(15) � 5.0; p � 0.0001).

Finally, although the positive potential was more pronounced
over the left compared with the right hemisphere (laterality:
F(1,15) � 13.5; p � 0.01), no higher-order interactions of laterality
involving attention or emotion were observed.

Additionally, as for the early ERP component, L2-minimum-
norm solutions were calculated to provide an estimate of the
generator sources of the P3 findings. To highlight the significant
interaction of attention and emotion, Figure 2D illustrates the
difference of target and nontarget processing separately for high-
arousing emotional and low-arousing control pictures. As
shown, occipital, parietal, and inferior temporal generator
strength was more pronounced for high-arousing emotional tar-
get stimuli.

Interference effects
The interaction of attention and emotion has been explored in
other research from the perspective of competition. Specifically,
presenting emotional stimuli and nonemotional task stimuli
concurrently, recent fMRI and ERP studies revealed a diminished
capacity for selective emotion processing when performing de-
manding cognitive tasks (Vuilleumier et al., 2001; Pessoa et al.,
2002a; Anderson et al., 2003; Holmes et al., 2003; Pourtois et al.,
2004). The present study enabled a different test of interference
among attention and emotion processes. Specifically, attending
to emotional target stimuli in the rapid stream of pictures might
interfere with the capacity to discriminate among high- and low-
arousing nontarget stimuli. To explore this hypothesis, addi-
tional analyses compared the processing of erotic, mutilation,
and people stimuli during the attention tasks (nontarget stimuli)
with the processing of these images in the passive viewing condi-
tion. The 2 (condition) � 3 (emotion) � 2 (laterality) ANOVAs
revealed no interactions involving condition for the early differ-
ential ERP activity, even when tailoring the area measure (200 –
300 ms) to capture the emotion differentiation (Fs � 1.6; p �
0.2). As shown in Table 1, rather than revealing interference, the
negative-going ERP potential associated with selective emotion

processing appeared somewhat more accentuated during the at-
tention tasks compared with the passive viewing condition.

In contrast, analysis of the P3 wave revealed interference ef-
fects of selective emotion processing when performing the atten-
tion tasks compared with passive viewing (condition � emotion:
F(2,30) � 4.4; p � 0.05). To follow up this interaction, difference
scores of the positive potential were calculated between pictures
high (erotica and mutilation) and low (people) in emotional
arousal for active task (nontarget stimuli) and passive viewing
conditions (Table 1). The 2 (condition) � 2 (erotica–people,
mutilation–people) ANOVAs revealed the significantly attenu-
ated emotional differentiation of the positive potential during the
attention tasks compared with passive viewing (condition: F(1,15) �
7.4; p � 0.05). However, although attenuated in the active task
condition, positive potentials were still significantly increased for
erotica and mutilation compared with control pictures (ts(15) �
6.4 and 4.1, respectively; p � 0.001).

Discussion
Voluntary attention may often be directed to emotional stimuli
given their importance for survival, reproduction, and procre-
ation. To examine the effects of paying attention to emotion,
attention was directed to stimuli categories varying in emotional
intensity. Providing a millisecond time resolution of brain activ-
ity, ERP measurements revealed that the relationship between
emotion and attention varied across different processing periods.
Explicit attention and emotional significance effects operated ad-
ditively during an early period of perceptual encoding at which
stimuli are presumably selected for enhanced processing (�200 –
350 ms after stimulus onset). Synergistic effects of implicit emo-
tion and explicit attention emerged at a later processing stage
(�400 – 600 ms after stimulus onset) thought to reflect the pro-
cess of stimulus evaluation. The critical comparison for the inter-
action of attention and emotion was based on the processing of
the same stimuli serving as target and nontarget stimuli. Thus, the
interaction effect cannot be driven by physical differences in the
stimulus material. Together, the findings of the present study
implicate to consider the interaction of attention and emotion at
the level of specific cognitive subprocesses.

Selective attention effects brought out by either intrinsic emo-
tional significance or explicit task relevance have been established
previously in separate lines of research. In the present study, tar-
get stimuli were defined according to their emotional valence,
and therefore both avenues to induce selective attention were
assessed within the same experimental context. Notably, target
stimulus processing was associated with a relative negativity over
posterior regions and increased P3 potentials with similar topog-
raphy and latency as in studies defining target stimuli based on
higher-order semantic meaning (Codispoti et al., 2006b; De-
lorme et al., 2004). Furthermore, replicating previous findings
(cf. Junghöfer et al., 2001; Schupp et al., 2004a, 2006a), picture
contents high in emotional arousal elicited a negative-going

Table 1. Analysis of interference effects comparing nontarget picture processing in
the active task with passive viewing as the control condition

Erotica–people Mutilation–people

Control Task Control Task

Posterior negative potentials ��4.2 ��4.5 ��0.9 ��1.3
Late positive potential � 1.3 � 0.8 � 0.7 � 0.5

Data are difference scores (high- vs low-arousing pictures) in microvolts collapsed across left and right sensor
clusters.
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temporo-occipital potential and increased positive potentials
compared with low-arousing picture contents, and this effect ap-
peared most pronounced for erotic stimuli. Establishing these
cortical indices of selective attention attributable to implicit
emotional and explicit task-defined significance provided the
foundation to meaningfully interpret the observed interplay of
attention and emotion.

The main finding of the present study was that attention ef-
fects were potentiated for emotionally arousing target stimuli in a
later stage of processing indexed by the P3. This synergistic effect
of the two facets of motivational significance, intrinsic emotion
and explicit task relevance, appeared sizable. Contrasting target
and nontarget processing, the P3 target effect almost doubled
when attending to erotic and mutilation compared with low-
arousing control pictures. Acknowledging limitations in spatial
resolution of source analysis, results suggest that the P3 wave
elicited by visual cues represents multiple cortical generator
structures in occipital, inferior temporal, temporoparietal, and
lateral prefrontal regions (Sergent et al., 2005). The L2-
minimum-norm analyses of the target P3 concur with the finding
of widespread neural generator sources in multiple cortical asso-
ciation regions. Interestingly, although the pattern of generator
sources appeared similar across target categories, high-arousing
emotional cues were associated with increased generator
strength, in particular over inferior temporal, parietal, and occip-
ital regions. Overall, selective attention to emotionally significant
cues potentiated the P3 target effect compared with control stim-
uli, presumably reflecting a later processing stage involving in-
creased activity in distributed networks of cortical association
areas (cf. Sabatinelli et al., 2006). Future studies need to delineate
whether these findings generalize to other emotional stimuli in-
cluding the study of discrete emotion categories (i.e., fearful and
threatening facial expressions) (cf. Öhman and Mineka, 2001).

In addition to motivational significance, the P3 amplitude is
also sensitive to stimulus probability and rate of target occurrence
(Courchesne et al., 1977; Croft et al., 2003). Although the P3
amplitude might be generally reduced in rapid serial presentation
paradigms, stimulus probability appears unlikely to account for
the differential P3 findings of this study. Regarding emotion
modulation, the three stimulus categories had the same proba-
bility of occurrence. Furthermore, the finding that the P3 varied
with emotional arousal was opposite to a stimulus probability
account (i.e., high-arousing stimuli were twice as frequent as
low-arousing images) (cf. Cuthbert et al., 2000). With regard to
task relevance, target stimuli had a lower probability than non-
target stimuli, presumably enhancing the P3 target effect com-
pared with a design equating the target/nontarget ratio (Johnson,
1988). Importantly, the significant interaction of emotion and
attention is not comprised by stimulus probability because the
target/nontarget ratio was the same for counting erotica, mutila-
tions, and neutral contents. Accordingly, the synergistic P3 effect
most likely reflects the coincidence of two facets of motivational
significance (i.e., paying selective attention to highly arousing
emotional stimuli). However, it might be instructive to deter-
mine in future studies to what extent the observed findings are
sensitive to variations in stimulus probability and presentation
parameters (Luck and Hillyard, 2000).

Considering the functional significance of the P3 findings,
several lines of research and theories are relevant (Donchin and
Coles, 1988; Johnson, 1988; Nieuwenhuis et al., 2005). Many
studies suggest that the P3 reflects the operation of a capacity-
limited processing system. For instance, dual-task studies re-

vealed a reciprocal relationship of the P3 amplitudes evoked by
two concurrent tasks (Wickens et al., 1983). In addition, signal
detection and recognition studies provide additional evidence
linking the P3 amplitude to quality and accuracy of stimulus
processing. Specifically, a linear relationship was observed be-
tween P3 amplitude, and the participants’ felt a degree of confi-
dence in their perceptual decision (Hillyard et al., 1971). More
recently, attentional blink studies demonstrate that the P3 ampli-
tude systematically varied with conscious recognition (Vogel et
al., 1998). Specifically, seen target stimuli (presented in the atten-
tional blink interval) elicited a P3 wave, which was absent for
unseen target stimuli (Kranczioch et al., 2003; Sergent et al.,
2005). Considered from the perspective of two stage models of
stimulus processing (Chun and Potter, 1995), enlarged P3 ampli-
tudes to motivationally significant stimuli may reflect enhanced
stimulus consolidation in capacity-limited second stage process-
ing related to conscious recognition and elaborate processing of
significant stimuli (Öhman, 1986; Sergent et al., 2005; Schupp et
al., 2006b). However, enhanced memory processes may be
brought out by heightened selective attention, and it has been
suggested that the P3 amplitude reflects increased attentional re-
sources devoted to motivationally significant stimuli “. . . such
that the probability is increased that the detection of incoming
sensory signals is appropriately acted on via selective response
facilitation” (Nieuwenhuis et al., 2005, p 522). Overall, target P3
amplitudes were potentiated when attending to emotionally
arousing stimuli, presumably reflecting the engagement of a
capacity-limited processing system associated with conscious
recognition, and the preparation and organization of efficient
behavioral responses.

Preceding the P3, a transitory ERP component is also sensitive
to motivational significance (i.e., emotional significance and
task-defined attention). Explicit attention studies revealed that
the onset of the occipital negativity effect provides a high-
resolution measure of the time at which stimuli possessing target
features are discriminated and selectively processed (Hillyard and
Anllo-Vento, 1998). Interestingly, an increased occipital negativ-
ity has been shown in attentional blink studies to discriminate
among seen and unseen target stimuli (Sergent et al., 2005). Ac-
cording to two stage models of stimulus perception (Chun and
Potter, 1995; Öhman, 1986), mandatory processes of stimulus
identification and detection (stage 1) may be followed by a tran-
sitory processing period at which motivationally significant stim-
uli are being “tagged” for preferential processing. Furthermore,
rather than reflecting the enhancement of obligatory ERP peaks
as observed in spatial attention studies, the negative ERP differ-
ence appears as endogenous brain potential modulation (i.e., ad-
ditional brain activity) with different scalp topographies for dif-
ferent types of feature selections (Hillyard et al., 1995; Hillyard
and Anllo-Vento, 1998). L2-minimum-norm source analyses of
the target and emotion effect are consistent with this hypothesis
revealing a similar pattern of posterior neural activity. Thus, the
negative-going potential over posterior regions may reflect facil-
itated processing of significant stimuli in perceptual representa-
tion regions intermediate to later processing stages involving dis-
tributed networks of cortical association areas (Potts and Tucker,
2001; Schupp et al., 2003; Sergent et al., 2005). Interestingly, at
this transitory stage of processing, task and emotional relevance
operated additively but independent from each other.

Previous studies assessed the interference of emotion process-
ing by introducing a competing spatial attention task (Pessoa et
al., 2002b). The present study entailed a different test of interfer-
ence by comparing the selective emotion processing of nontarget
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stimuli with the passive viewing condition. Interference effects
were limited to the P3 showing a complementary pattern of find-
ings as observed for the case of cooperation of emotion and at-
tention. Specifically, while attending to one class of emotional
targets, the positive potential difference between high- and low-
arousing nontarget stimuli was attenuated compared with the
viewing condition. More recent studies revealed an attenuation
of selective emotion processing indexed by the differential poste-
rior negativity using a competing feature-based attention task
(Schupp et al., 2006b). Thus, diverting attentional resources by
nonspatial attention tasks seem to comprise the selective process-
ing of emotional stimuli providing complementary evidence to
spatial attention studies. Overall, accumulating empirical evi-
dence suggests to detail the interaction of attention and emotion
(i.e., at the level of specific cognitive subprocesses and with regard
to different attentional mechanisms) (LeDoux, 2000; Luck and
Hillyard, 2000).
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Junghöfer M, Schupp HT, Stark R, Vaitl D (2005) Neuroimaging of emo-
tion: empirical effects of proportional global signal scaling in fMRI data
analysis. NeuroImage 25:520 –526.
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(2006a) Stimulus novelty and emotion perception: the near absence of
habituation in the visual cortex. NeuroReport 17:365–369.

Schupp HT, Flaisch T, Stockburger J, Junghöfer M (2006b) Emotion and atten-
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