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bstract

In a previous study using event-related potentials (ERPs) [S. Doallo, S. Rodrı́guez Holguı́n, F. Cadaveira, Attentional load affects automatic
motional processing: evidence from event-related potentials, Neuroreport 17 (2006) 1797–1801], we reported that differential responses to
nattended peripheral affective pictures, as reflected by N1-P2 modulations at posterior regions, are modulated by attentional load at fixation.
ere, new analyses of these data were performed to evaluate whether a sustained, broadly distributed, negative shift in the unattended pictures
RP waveforms, which displayed larger amplitudes for emotional stimuli, reflects an additional differential response to the emotional content.

nder low-load conditions, unpleasant (versus neutral) pictures elicited greater negativities in the 80–140 ms latency range over frontocentral sites

nd more centroparietally distributed from 200 to 280 ms. These findings provide further evidence of the time course of emotional processing at
nattended locations and its modulation by attentional load.

2007 Published by Elsevier Ireland Ltd.
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n important issue on the relation between attention and emo-
ion refers to the processing of emotional stimuli presented
utside the focus of attention. Neuroimaging [14,20], lesion [19]
nd event-related potentials (ERPs) [1,2,18] studies provide evi-
ence for the capture of attention by emotional events. However,
ata indicating that the emotional value of task-irrelevant stim-
li is processed when attention is actively engaged on other
timuli are not unequivocal. Some authors report that ERPs
licited by emotional stimuli are different from those triggered
y neutral ones when they are attended, but not when they
ppear at task-irrelevant locations [6,8], suggesting that cortical
tages of emotional processing are strongly modulated by focal
ttention. A recent ERP experiment [7] found that the extent
o which the emotional processing is influenced by attention
epends on factors such as foveal versus peripheral presenta-
ion. The critical role of the task-relevant attentional load on

he processing of task-irrelevant emotional events has been also
videnced from functional magnetic resonance imaging studies
15,16]. In a previous report [5], we found ERP evidence con-
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istent with the hypothesis that the differential brain response
o unattended emotional stimuli depends strongly on the atten-
ional load of the ongoing task. We recorded ERPs elicited
y task-irrelevant unpleasant and neutral pictures briefly pre-
ented at peripheral locations while participants were actively
onitoring the fixation ir order to perform a discrimination

ask varying in load (low- and high-load). With the aim of
etecting any capture of attention by task-irrelevant unpleas-
nt pictures, the P2 component was measured. P2 is specially
ensitive to negative visual stimuli [3,4] and it is also elicited
n response to emotional stimuli outside the focus of attention
1]. Results revealed that unpleasant pictures (versus neutral
ictures) produced enhanced N1-P2 amplitudes at parietoc-
ipital and occipital sites only under low-load conditions. We
oncluded that the brain responses to the affective value of task-
rrelevant peripheral pictures are modulated by the attentional
oad at fixation. Although these analyses were focused in the
2 component, grand-averaged waveforms also revealed that

he ERP to unattended stimuli presented a sustained, broadly

istributed, negative shift with larger amplitudes for emotional
ictures than neutral pictures [5]. Here, we re-analyze our data
ith the aim of evaluating whether this difference reflects an

dditional differential response to the emotional content of the
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ictures and to investigate in more detail the time course of this
ffect.

Ten female volunteers (21–30 years old, mean = 26.4,
.D. = 2.5) were assessed. All were right-handed, had normal
r corrected-to-normal vision, and had no history of psychiatric
r neurological disorders. Participants gave informed consent.

The target stimuli were short (0.6◦ × 2.3◦) or long
0.6◦ × 3.4◦) vertical bars equiprobably flashed for 50 ms in
he center of the display. Vertical bars were sequentially pre-
ented, according to a stimulus 1 (S1)–stimulus 2 (S2) paradigm.
uring the delay period between S1 and S2, 40 negative and
0 neutral pictures (8◦ × 5.7◦) selected from the International
ffective Picture System (IAPS)1 [11] were occasionally pre-

ented (negative p = .15, neutral p = .15) at 5.7◦ to the left or to the
ight from a fixation cross for 50 ms. The two categories signif-
cantly differed from each other in the valence rating (2.1 ± 0.6
ersus 5.2 ± 0.3; t(39) = −26.314, p = .000) and in the arousal rat-
ng (7.2 ± 0.4 versus 3.2 ± 0.5; t(39) = 38.901, p = .000) on the
asis of the normative values of IAPS in the Spanish popula-
ion [13]. Valence and arousal ratings of each picture are shown
n Tables 3 and 4 in supplementary material online. Statistical
omparisons confirmed that the two groups of pictures did not
ignificantly differ in luminance or spatial frequency. The dif-
culty of the relevant central task was increased in a different
xperimental block, in which size discrimination was rendered
ifficult by reducing the difference between the bars (short bars:
.6◦ × 2.3◦; long bars: 0.6◦ × 2.5◦). Participants were required
o maintain eye fixation on the central cross, and to discriminate
hether the second bar of the match (S2) was equal or different

n size from the first bar (S1), pressing one button with one hand
f equal in size and another button with the other hand if different
n size, while ignoring the peripheral pictures. The assignment of
he response hand was balanced across participants. The interval
rom S1 onset to distractor onset (SOA) randomly varied from
00 to 1100 ms. SOA between S1 and S2 randomly varied from
200 to 1500 ms. The intertrial intervals randomly varied from
000 to 2300 ms. In order to familiarize the participants with
he task, the low-load condition was presented first. Each exper-
mental condition consisted of eight trial blocks. The maximum
umber of trials per block was 125.

ERPs (bandpass 0.1–50 Hz, 500 Hz/channel) were recorded
rom 16 active electrodes (F3, F4, FC3, FC4, C3, C4, T5, T6,
P3, CP4, P3, P4, PO3, PO4, O1, and O2), referred to a nasal

lectrode. Vertical and horizontal eye movements were recorded
ipolarly from above and below the left eye and from the outer
anthus of each eye. Reaction time (RT) and percentage of cor-

1 The IAPS numbers for negative pictures were: 1050, 1300, 2120, 2800, 2900,
000, 3010, 3030, 3051, 3053, 3060, 3071, 3100, 3102, 3120, 3130, 3150, 3170,
230, 3350, 3400, 3550, 6212, 6250, 6260, 6313, 6510, 6550, 6560, 6570, 9040,
050, 9400, 9410, 9421, 9520, 9630, 9800, 9810, 9920; for neutral pictures:
190, 2200, 2210,2840, 5500, 5510, 5520, 5530, 5531, 5532, 5533, 5534, 6150,
000, 7002, 7006, 7009, 7010, 7025, 7030, 7034, 7035, 7040, 7050, 7060, 7080,
090, 7150, 7170, 7190, 7207, 7217, 7224, 7233, 7235, 7490, 7500, 7550, 7820,
830. The valence and arousal normative ratings for the Spanish population
13] are available in the web page: http://www.fedap.es/IberPsicologia/iberpsi5-
/iaps/iaps.pdf.
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ect responses were recorded for each trial. Data were collected
ver epochs from 60 ms before stimulus to 600 ms after stim-
lus. Trials with eye blinks or horizontal eye movements were
ejected. For each participant, ERPs elicited by neutral and emo-
ional distractors were averaged (digital bandpass of 0.1–30 Hz)
eparately for each visual field and condition.

Visual inspection of waveforms revealed that the ERP to
istractor stimuli was affected by a sustained negative shift
hich showed larger amplitudes for emotional pictures than

or neutral pictures. To evaluate whether this difference reflects
differential response to the emotional content, the mean

oltage values within twelve latency windows of 20 ms each
ne, from 60 to 300 ms, were analyzed. Repeated-measure
NOVAs were performed for each latency window with
ve within-subject factors: region (frontal/frontocentral/central/
entroparietal/parietal/temporal/parietooccipital/occipital), he-
isphere of recording (left/right), load condition (low/high),

motional content (neutral/negative) and visual field (left/right).
ignificance levels were determined using degrees of free-
om after applying the Greenhouse–Geisser correction when
ppropiate. Post-hoc comparisons were performed using the
onferroni adjustment for multiple comparisons.

The RT and accuracy data were subjected to repeated mea-
ures ANOVAs with load (two levels) and distractor (none/left
eutral/right neutral/left emotional/right emotional, five levels)
s factors.

Behavioral performance confirmed that the central attentional
oad was effectively manipulated: (1) responses were slower
o target bars preceded by irrelevant stimuli (neutral and emo-
ional) than to those not preceded by distractors (F(4,36) = 3.329,
= .020). This interference effect was only significant in the

ow-load condition (F(4,36) = 2.998, p = .031); (2) hit rates were
lso lower during the high-load (63.8 ± 9.8) than low-load
91.9 ± 7.9) condition (F(1,9) = 351.622, p = .000).

ERPs mean amplitudes to neutral and emotional stimuli were
ignificantly different during the 80–140 ms and 200–280 ms
ost-stimulus intervals, with larger negative amplitudes to
npleasant stimuli than to neutral stimuli (all F(1,9) > 1.367, all
< .046). To further explore the time course and the topograph-

cal distribution of these differences, and based on statistically
ignificant interactions between emotional content, region and
oad in these two time ranges (all F(7,63) > 3.242, all p < .019),
dditional analyses were conducted on 20-ms time windows,
eparately for each experimental condition and region (see
ables 1 and 2).

For the low-load condition, the effects of the emotional
ontent of the pictures were observed in the first latency
indows (80–140 ms) with a predominantly frontocentral dis-

ribution (all F(1,9) > 5.814, all p < .039), with larger negative
mplitudes to unpleasant pictures than neutral pictures. Effects
f emotional content were also present over more posterior
ites in the 120–140 ms latency range (all F(1,9) > 5.213, all
< .048). From 80 to 120 ms, the effect on these posterior

lectrodes was not so marked, although there were emotional
ontent × visual field (all F(1,9) > 5.445, all p < .045) and emo-
ional content × hemisphere × visual field (all F(1,9) > 5.559,
ll p < .043) interactions. At the later interval (200–280 ms),

http://www.fedap.es/IberPsicologia/iberpsi5-1/iaps/iaps.pdf
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Table 1
Time course of emotional content effects (p-values) in the low-load condition
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H
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: hemisphere; E: emotional content; VF: visual field, F: frontal, FC: frontoce
emporal. The significant main effects of the factor emotional content are prese

he differential response to the emotional content had a more
entroparietal distribution (all F(1,9) > 8.522, all p < .017).

For the high-load condition, the effects of the emotional
ontent were modulated by the hemisphere of recording and
he visual field (all F(1,9) > 5.228, all p < .048). There were no
eliable emotional content effects at any region or hemisphere.
Figs. 1 and 2 show the ERPs to unpleasant and neutral pictures
n the low-load condition, for the most relevant scalp locations.

In a previous report [5], differential brain responses to task-
rrelevant emotionally salient stimuli, as reflected by amplitude

i
t
e
t

able 2
ime course of emotional content effects (p-values) in the high-load condition

: hemisphere; E: emotional content; VF: visual field, F: frontal, FC: frontocentral,
emporal.
C: central, CP: centroparietal, P: parietal, PO: parietoccipital, O: occipital, T:
n shaded.

odulations of the N1-P2 component at parietoccipital and
ccipital regions, were observed when attention was actively
ngaged in a low-load primary task, but not when the load was
ncreased. We concluded that unpleasant stimuli receive priori-
ized processing compared with neutral stimuli even when they
re presented outside the attentional focus, and that this process-

ng is strongly attenuated by the attentional load of the ongoing
ask. Here, we performed new analyses of our ERP data, to
valuate whether a sustained negative shift, present in the dis-
ractor pictures ERP waveforms, broadly distributed and which

C: central, CP: centroparietal, P: parietal, PO: parietoccipital, O: occipital, T:
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Fig. 1. Low-load condition: grand-averaged ERPs for unpleasant and neutral
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Fig. 2. Low-load condition: grand-averaged ERPs for unpleasant and neutral
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ask-irrelevant pictures at the left visual field (LVF). The boxes indicate the time
ntervals where the effect of emotional content was significant.

howed a larger amplitude for emotional stimuli, might indicate
n additional differential brain response to the emotional value
f stimuli. These new analyses revealed that unpleasant pictures
roduced greater negativities, with a predominantly frontocen-
ral distribution, from 80 to 140 ms post-stimulus, and more
entroparietally distributed from 200 to 280 ms. Again, these
ffects were only significant in the low-load condition. Taken
ogether, these findings confirm that attentional capture by emo-
ionally salient events depends on the availability of attentional
esources.
The early differential neural response (80–140 ms) to the
motional content of stimuli at frontocentral locations might
eflect the activation of the prefrontal cortex, which has been

u
r
u

ask-irrelevant pictures at the right visual field (RVF). The boxes indicate the
ime intervals where the effect of emotional content was significant.

nvolved in the fast categorization of emotion (see below).
n early ERP differentiation between pleasant and unpleasant

timuli (facial expressions) has been also reported by previous
tudies [17] during passive observation conditions. Although
thers [6,8] have not found ERP emotional modulations under
nattended conditions, noticeable differences in the experimen-
al designs might explain the discrepancies (see [5] for a further
iscussion).

The early effect of emotional content is also consistent with
tudies reporting an electrophysiological frontal response to

npleasant stimuli in short latencies [1,2,9]. Kawasaki et al. [9]
ecorded differential neural responses to negative visual stim-
li in the 120–170 ms latency range at ventromedial prefrontal
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reas (see also [10]). These authors suggested that the prefrontal
ircuits might provide a fast categorization of emotion, which
ight modulate the processing of visual information in other

rain regions. In a similar vein, Carretié et al. [2] observed
hat unconsciously perceived signals of threat (versus nonneg-
tive pictures) produced a larger activation in the ventromedial
refrontal cortex (VMPFC) around 150 ms. They proposed that
he VMPFC is involved in the top-down regulation of attention,
ncreasing the subsequent visual cortex activation, and resulting
n a facilitation of danger processing.

In line with these proposals, the early differential emotional
esponse over anterior regions observed in the present study,
ight be considered as a correlate of the involvement of the

refrontal cortex in a mechanism of top-down facilitation of
he visual processing system. The subsequent significant ERP

odulations, described in our previous work [5], at the level of
1-P2 component over the posterior scalp region, might reflect

he result of these modulatory effects of the prefrontal cortex on
isual regions. In addition, the present findings allow to appre-
iate that these early effects of emotional content on ERPs are
nfluenced by the availability of attentional resources.

Emotional modulations of the ERPs from 200 to 280 ms
ost-stimulus, centroparietally distributed, under low-load con-
itions, were also found. ERP amplitude modulations in this
atency range, with larger negativities to unpleasant stimuli,
ave been reported in several recent studies. Liddell et al. [12]
ound larger amplitudes of the N2 component, with a central
istribution, in response to the subliminal presentation of fear-
ul faces as compared with neutral ones. Schupp et al. [18]
ound an affective discrimination of IAPS pictures (reflected by
arger negativities to affective pictures at temporo-occipital sites)
hen the top-down attentional control was directed to a primary

ask. The methodological differences between studies make dif-
cult a detailed comparison between results or an explanation
f the topographical distribution differences. In spite of this,
he present findings provide converging evidence supporting an
utomatic response to emotional stimuli, either faces [12] or
APS pictures [18], which does not depend of their explicit cat-
gorization and that can be present when attention is focused in
main task [18]. The present data extend these findings indicat-

ng that the electrophysiological response to the affective value
f task-irrelevant IAPS pictures is strongly influenced by the
vailability of resources of attention. Even though no definite
onclusions can be extracted from these data because of the
mall sample size, the results appear to provide new electro-
hysiological support for the hypothesis that attentional load of
he ongoing task may be crucial in determining the extent in
hich task-irrelevant emotional stimuli are processed [15,16].
here is another methodological limitation that should be noted.
nly negative and neutral stimuli were employed, which make

t difficult to distinguish the contributions to the observed effects
f valence and arousal. Additional experiments including also
rousing pleasant pictures are necessary to reach strong conclu-

ions on automatic attention to task-irrelevant affective pictures
s a function of their two basic dimensions.

In conclusion, the present findings provide evidence support-
ng that the prioritized processing of stimuli with emotional

[

etters 418 (2007) 111–116 115

alue presented at task-irrelevant locations strongly depends on
he attentional load at relevant locations. They also reveal that
he time course of emotional value processing of unattended
timuli is characterized by an early (80–140 ms) modulation
f the frontal electrophysiological response which precedes the
ifferential processing at posterior cortical regions.
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