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Attentional load affects automatic emotional
processing: evidence from event-related potentials
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One open question on the relation between attention and emotion
concerns the automatic processing of emotional visual stimuli out-
side the focus of attention. This study examined to what extent the
emotional processing at unattended locations is modulated by the
processing load at attended locations. Event-related potentials
were measured to task-irrelevant unpleasant and neutral pictures
briefly presented at peripheral locations while participants

Keywords: attention, emotion, event-related potentials, International Affective Pictures System, load, P200

performed a visual central task varying in load (low and high load).
Unpleasant pictures elicited larger amplitudes of NI-P2 at
parietoccipital and occipital sites than that of neutral pictures. This
effect was only significant in the low-load condition. Data suggest
that brain responses to affective value of task-irrelevant peripheral
pictures are modulated by attentional load at fixation. NeuroReport
17:1797-1801 © 2006 Lippincott Williams & Wilkins.

Introduction

A growing body of research indicates that, in natural
environments, attention is mainly determined by the
motivational significance of stimuli (natural selective atten-
tion or motivated attention) [1]. Behavioral, event-related
potentials (ERPs), and neuroimaging studies indicate that
attention is preferentially assigned to events with emotional
value as compared with neutral ones [2,3], and that the
emotional value of stimuli enhances sensory processing in
visual cortical areas [4]. It is known that activation of the
amygdala modulates cortical activity by increasing visual
processing of emotional stimuli [5], either through direct
feedback projections to the primary visual cortex [6-8] or
indirectly via its projections to frontal areas [6,8].

Accumulating evidence exists that unpleasant stimuli
elicit faster and stronger physiological, cognitive, and
behavioral responses than pleasant or neutral ones. This
phenomenon has been named negativity bias [9]. This
attentional bias has been demonstrated from ERP studies
[10-12] showing that negative stimuli draw more attention
and are faster than positive stimuli.

The controlled emotional processing is well known, but
few studies focus on brain mechanisms associated with
automatic attention to emotional stimuli [13]. One open
question about the relationship between attention and
emotion concerns the automatic processing of emotional
visual stimuli outside the focus of attention.

Neuroimaging experiments indicate that amygdala may
be specialized for fast and automatic detection of events
with emotional salience [14], even without awareness [15].

Two processing pathways to amygdala are proposed
[16]: a subcortical, collicular-pulvinar-amygdala pathway,
involved in the automatic processing and rapid response to
emotional stimuli, and the cortico-amygdala pathway
[6] mediating object identification.

Studies of patients with attentional deficits, such as
spatial neglect, show that emotionally relevant information
from the contralesional hemifield can be processed pre-
attentively, and capture attention more than other stimuli
[17]. Recent ERP studies have identified neural correlates of
automatic attention to task-irrelevant emotional stimuli
[13,18,19].

Despite a growing evidence regarding automatic proces-
sing of emotional events occurring outside the focus of
attention, the question of the influence of spatial attention
on the processing of emotion remains unsolved. ERP
evidence shows that cortical stages of emotional processing
are strongly modulated by focal attention [20], and func-
tional magnetic resonance imaging experiments indicate
that the differential brain response to unattended emotional
stimuli depends strongly on the attentional load of the
ongoing task [8].

In the absence of emotional value, the influence of
relevant processing load on the processing of task-irrelevant
stimuli is well established by behavioral studies, and ERP
and neuroimaging experiments find a decreased response to
peripheral distractors in superior visual cortical areas when
the attentional load of a relevant task is increased (see [21]
for a review). Thus, one question currently debated refers to
whether or not this modulatory effect of the attentional load
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is also present when distractors have emotional value.
Recently, functional magnetic resonance imaging evidence
supporting the critical role of attentional load in the
processing of unattended emotional stimuli has been
provided [22].

It is remarkable, however, that there is a lack of ERP
studies examining the processing of unattended emotional
stimuli under several conditions of attentional load. To gain
knowledge on this issue, in the present experiment, the
electrophysiological responses to peripheral task-irrelevant
neutral and unpleasant pictures were recorded while the
attentional load of a central relevant task was varied.
Attentional bias to negative emotional pictures was eval-
uated by analyzing the modulations of the P2 component
elicited by task-irrelevant affective pictures. This ERP
component is specially sensitive to unpleasant visual stimuli
[10,11], and it is also elicited by emotional stimuli presented
outside the focus of attention [13].

The aim of this study is to examine to what extent
emotional processing at unattended locations is modulated
by the processing load at attended locations.

Methods

Subjects

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

Stimuli and procedure

The target stimuli were short (0.6°x23°) or long
(0.6° x 3.4°) vertical bars equiprobably flashed for 50 ms in
the center of the display. Vertical bars were sequentially
presented, according to a stimulus 1 (S1)-stimulus 2 (52)
paradigm. During the delay period between S1 and S2, 40
negative and 40 neutral pictures (8° x 5.7°) taken from the
International Affective Pictures System (IAPS) [23] were
occassionally presented (negative P =0.15, neutral P =0.15)
at 5.7° to the left or to the right from a fixation cross for
50ms. The two categories differed from each other in the
valence rating (2.1 vs. 5.2) and in the arousal rating (7.2 vs.
3.2), on the basis of the normative values of IAPS in the
Spanish population [24]. To evaluate the effects of atten-
tional load on the processing of peripheral emotional
stimuli, the difficulty of the relevant central task was
increased in a different experimental block, in which size
discrimination was rendered difficult by reducing the
difference between the bars (short bars: 0.6° x2.3°% long
bars: 0.6° x 2.5°). Participants were required to maintain eye
fixation on the central cross, and to discriminate whether the
second bar of the match (52) was equal or different in size
from the first bar (S1), pressing one button with one hand if
equal in size and another button with the other hand if
different in size, while ignoring the peripheral pictures. The
assignment of the response hand was balanced across
participants. The interval from S1 onset to distractor onset
(SOA) randomly varied from 100 to 1100 ms. SOA between
S1 and S2 randomly varied from 1200 to 1500ms. The
intertrial intervals randomly varied from 2000 to 2300 ms.
In order to familiarize the participants with the task, the
low-load condition was presented in the first place.

Each experimental condition consisted of eight trial blocks.
The maximum number of trials per block was 125.

Event-related potential recording and data analysis

ERPs (bandpass 0.1-50 Hz, 500 Hz/channel) were recorded
from 16 active electrodes (F3, F4, FC3, FC4, C3, C4, T5, T6,
CP3, CP4, P3, P4, PO3, PO4, O1, and O2), referred to a nasal
electrode. Vertical and horizontal eye movements were
recorded bipolarly from above and below the left eye and
from the outer canthi of both eyes. Impedances were kept
below 10kQ. Reaction time (RT) and percentage of correct
responses were recorded for each trial. Data were collected
over epochs from 60ms before stimulus to 600ms after
stimulus. Trials with eye blinks or horizontal eye move-
ments were rejected. For each participant, ERPs elicited by
neutral and emotional distractors were averaged (digital
bandpass of 0.1-30 Hz) separately for each visual field and
condition.

Visual inspection of waveforms revealed one positive
wave corresponding to the P200 component, about 170 ms
after the picture. It also revealed that the ERP to the
distractor stimuli was affected by a sustained negative shift,
which extended to a large part of the scalp. For this reason,
the amplitude of the P2 component was measured ‘peak to
peak’ relative to the anterior negative peak (N1). Peak
amplitudes were measured using latency windows of 110-
215ms for N1 and 160-250ms for P2. Repeated-measures
analyses of variance (ANOVAs) were performed on ampli-
tude values with five within-participant factors: region
[frontal (F)/frontocentral (FC)/central (C)/centroparietal
(CP)/parietal (P)/temporal (T)/parietoccipital (PO)/occipi-
tal (O)], hemisphere of recording (left/right), load condition
(low/high), valence (neutral/negative), and visual field
(left/right). Significance levels were determined using
degrees of freedom after applying the Greenhouse-Geisser
correction when appropriate. Post-hoc comparisons were
performed using the Bonferroni adjustment for multiple
comparisons.

Repeated-measures ANOVAs including two factors (load,
two levels; and distractor, five levels: none/left neutral/
right neutral/left emotional/right emotional) were con-
ducted for the RT and accuracy data.

Results

Behavioral results

There was a significant effect of load on accuracy
[F(1,9)=351.622, P=0.000], with a larger percentage of
correct responses for low-load than for high-load condition
(91.947.9 vs. 63.81+9.8).

The factor distractor had significant effects on RT
[F(4,36) =3.329, P=0.020]: responses to stimuli not pre-
ceded by distractor tended to be faster than responses to
stimuli preceded by neutral or emotional distractors. These
differences were, however, not significant after the Bonfer-
roni adjustment. Separate ANOVAs for each condition
showed that the factor distractor only reached statistical
significance in the low-load condition [F(4,36)=2.998,
P=0.031].

Event-related potential results

There was a significant main effect of the factor region on
N1-P2 amplitude [F(7,63) = 23.285, P = 0.0005, & = 0.229], with
largest amplitudes at parietoccipital (PO vs. F: P=0.011;
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PO vs. FC: P=0.018; PO vs. C: P=0.027; PO vs. CP:
P=0.026; PO vs. P: P=0.013) and occipital (O vs. F:
P=0.004; O vs. FC: P=0.007; O vs. C: P=0.014; O vs. CP:
P=0.022) locations. There were also significant re-
gion x load x valence [F(7,63)=5.571, P=0.015, £=0.272]
and region x hemisphere x visual field [F(7,63)=28.540,
P =0.002, e =0.294] interactions. Separate analysis for each
region revealed that the load x valence interaction persisted
for PO [F(1,9)=8559, P=0.017] and O [F(1,9)=9.764,
P =0.012] sites (see Figs 1 and 2). Additional analyses for
each condition confirm these interactions, showing a main
effect of valence only for the low-load condition [PO:
F(1,9)=10.879, P=0.009; O: F(1,9=17.776, P =0.002].
On the other hand, separate analysis for each region
indicated that the hemisphere x visual field interaction also
persisted for these posterior locations [PO: F(1,9) =9.184,
P=0.014; O: F(1,9)=5.825, P=0.039], showing that con-
tralaterally presented stimuli elicited larger amplitudes over
the right hemisphere, whereas there were no differences as a
function of visual field over the left hemisphere.

Discussion

ERPs were used to examine whether (i) unattended negative
stimuli capture attention more effectively than neutral
stimuli, and (ii) the processing load at attended locations
affects to this capture.

The results show that the emotional value of distractor
stimuli presented at the periphery of the visual field
modulates the amplitude of the NI1-P2 component at
parietoccipital and occipital locations, with larger ampli-
tudes to emotional than neutral pictures. This affective
modulation over posterior regions was only present in the
low-load condition, but not in the most demanding task.

P200 has been proposed to reflect an early attentional
process, which facilitates a fast detection of biologically
significant stimuli, such as events with negative value [10].

This component has been related to the negativity bias [11].
There is also evidence that P2 is associated with an
automatic capture of attention by irrelevant emotional
stimuli (negative and positive), while attention is focused
on another task [13]. The findings in this experiment are also
in line with the ERP modulations reported by Delplanque
et al. [25] during the processing of IAPS pictures that did not
demand an explicit categorization of valence. These authors
reported larger P1 (150-165ms) and P2 (180-213ms)
components to unpleasant than pleasant stimuli over
parietoccipital sites. Thus, the present data are consistent
with previous ERP studies, supporting the hypothesis that
attention is preferentially directed to unpleasant stimuli,
resulting in the automatic capture of attention under
conditions in which top-down control is focused in a
relevant task. The N1-P2 modulations extend these findings
revealing that these effects are influenced by the attentional
load of the relevant task.

Other studies, however, did not observe effects of valence
when emotional facial expressions were presented at
unattended locations [20]. Discrepant results may be
attributed to noticeable differences between the experimen-
tal designs. Whereas Holmes ef al. used faces as distractor
stimuli, presented simultaneously with the relevant stimuli,
here IAPS distractor pictures were presented during the
51-S2 interval of a matching task. Although this type of task
requires a continuing monitoring of the relevant location
(central fixation), the simultaneous presentation of stimuli
employed by Holmes et al. probably involves competition for
neural resources: it is possible that their task demands more
processing resources than the present low-load condition.

With regard to the neural origin of these ERP effects, two
neural sources of the P2 component have been proposed by
Carretié et al. [13]. They found that the P200 component
related to visual attention to previously announced negative
stimuli originates in dorsal stream areas, specifically in the
visual association cortex (posterior middle temporal gyrus),
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Fig.1 Low-load condition: grand-averaged event-related potential event-related potentials to unpleasant and neutral task-irrelevant pictures presented
in the left and right visual fields at parietoccipital (PO) and occipital (O) regions.
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Fig. 2 High-load condition: Grand-averaged event-related potentials to unpleasant and neutral task-irrelevant pictures presented in the left and right

visual fields at parietoccipital (PO) and occipital (O) regions.

which facilitates a fast reaction to emotional stimuli [10].
More recently, they reported that the dorsal anterior
cingulate cortex also contributes to the generation of P2
during automatic attention to emotional stimuli [13].

This study also adds to the evidence that attentional
capture by emotional stimuli depends on the availability of
attentional resources. Behavioral findings confirmed that
the different experimental conditions involved changes in
the attentional demands: reaction times revealed that
distractors (independently of affective value) presented in
the periphery of the visual field capture attention under the
low-load condition, but not when attentional load of
relevant task was increased. These data, together with the
high percentage of errors in the high-load condition,
indicate that the attentional focus manipulation was correct.
Behavioral performance, however, was not sensitive to the
affective value of pictures, one effect that is present in ERP
data: the N1-P2 amplitude was larger in response to
emotional pictures than neutral pictures under low-load
conditions. This result is in agreement with neuroimaging
studies, which have shown that responses in the visual
cortex to task-irrelevant peripheral stimuli were reduced
when the relevant processing load at fixation increased [21].

Conclusion

This study verifies that unpleasant pictures receive prior-
itized processing compared with neutral ones when atten-
tion is focused on other stimuli. This processing is, however,
influenced by the attentional load of the ongoing task,
which strongly modulates the automatic response to
emotional events.
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