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in an implicit emotional task

Yu-Xia Huang a,b, Yue-Jia Luo a,b,∗
a State Key Laboratory of Cognitive Neuroscience and Learning, Beijing Normal University, Beijing 100875, China
b Key Laboratory of Mental Health, Institute of Psychology, Chinese Academy of Sciences, Beijing 100101, China

Received 1 September 2006; received in revised form 17 October 2006; accepted 17 October 2006

bstract

Considerable evidence from behavioral studies has indicated that people tend to pay attention to negative stimuli preferentially. The attentional
ias can occur rapidly and automatically. In the current study, a ‘cue-target’ paradigm was utilized to manipulate the attention allocation. Seventeen
ealthy undergraduates participated in the experiment. The stimuli were emotional pictures (positive, neutral and negative), which were upper
nd lower adjacent patchworks of a normal scene and its inverted copy. The subjects should judge whether the normal scene (compared with the
nverted scene) was located in the upper or lower part of the whole patchwork. We used this implicit emotional task to avoid the task relevance

ffect. It was found that the amplitude of P2 waves was enlarged by the negative pictures and there was a significant interaction between the cue
ffect and the emotional valence. We can conclude that the negative information exerts an attentional bias effect in the emotional perception, and
hat the negative contents suffer less in the insufficient attention condition compared with the positive and the neutral conditions.

2006 Elsevier Ireland Ltd. All rights reserved.
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onsiderable evidence shows that there exists a negativity bias
n emotion information processing. Compared with positive and
eutral stimuli, people tend to pay more attention to those nega-
ive contents. Behavioral studies have provided lots of evidence
n this issue. In a visual searching task, Hansen and Hansen
9] found that participants picked out the lone angry face from
he happy faces more quickly than they picked out the happy
ace from the angry face grids. It suggests that angry face may
e searched in a preattentive and parallel way. Öhman et al.
22] extended to find that threatening angry faces were more
uickly and accurately detected than were other negative faces,
ncluding sad and scheming. This attentional bias was also been
eplicated in an emotional Stroop color-naming task [26]. The
olor-naming latencies were longer for words with undesirable

raits than that with desirable traits. It means attention is auto-

atically drawn away from the color-naming task to undesirable
timuli more than it is drawn to desirable stimuli.
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el.: +86 10 5880 2365; fax: +86 10 5880 2365.

E-mail address: luoyj@bnu.edu.cn (Y.-J. Luo).

t
s
r
t

t
a
t
i

304-3940/$ – see front matter © 2006 Elsevier Ireland Ltd. All rights reserved.
oi:10.1016/j.neulet.2006.10.061
Although the negativity bias has been documented by con-
iderable behavioral studies and many researchers agree that
t has an evolutionary origin, there still must be a set of neu-
al substrates and psychophysiological mechanisms that directly
odulate the bias. According to previous literatures [19], both

utomatic and controlled processes are involved in the bias. Ani-
al and human studies [19,23,33,35] consistently claim that the

mygdala plays an important role in the automatic process. It
unctions to determine whether incoming stimuli are threatening
nd, if so, rapidly associates the perception of those stimuli with
he appropriate response. While some other neural structures,
uch as the anterior cingulate cortex, the orbital and ventro-
edial frontal cortex, which function as conflict monitoring

nd context-dependent action selection, are involved in the con-
rolled emotion process [7,11,29]. Despite all the findings, it is
till unclear how the emotion processing is manipulated by neu-
al mechanisms. More work from various aspects and different
echnological approaches is needed.

Event-related potential study is one of the accesses to explore

he underlying neural mechanisms of negativity bias, especially
ttentional bias which may occur rapidly after signal onset. In
wo studies [27] participants were instructed to evaluate pos-
tive and negative pictures embedded in positive or negative
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ackgrounds, or in a neutral context produced by an oddball
aradigm, respectively. The results showed that P1 amplitude
o frequent stimuli and to rare negative stimuli were larger
han that to rare positive stimuli. In another experiment [2]
ith an implicit emotional task, they found that P200, an

ttention-related component, showed higher amplitudes and
horter latencies in response to negative stimuli than in response
o positive stimuli. It was found that amplitudes of P1, P2 and
3b were modulated by valence content in a non-emotional
isual oddball task, suggesting it occurred at several points in
he information-processing stream [5]. In a direct valence judg-
ent task, the emotional negativity bias was also observed in

everal temporal stages distinguished by attention, evaluation
nd reaction readiness [12].

From ERP studies mentioned above, we can conclude that
egative stimuli can attract attention preferentially compared
ith non-negative stimuli. And the attentional bias may occur

n very early stage of information processing. It implies that
ts subjacent mechanism may be an automatic way, i.e., the
egative information can resist the attention shortage and be
rocessed preattentively. The implicit task used by Carretié et
l. [2] is a good way to test the preattentive processing. How-
ver, in their study all the emotional stimuli were presented in the
ttentional focus although the participants were not instructed
o care about the emotional attributes subjectively. In the cur-
ent study, a cue-target paradigm [8,14,21,24] was applied to
ttain two conditions: within attentional focus and out of atten-
ional focus, i.e., sufficient attention and insufficient attention.
n implicit task was used to avoid the task relevance effect [4].

n one word, the present study aimed to explore the neural mech-
nism of attentional bias occurring in the insufficient attention
ondition.

Seventeen right-handed healthy undergraduates aged
etween 20 and 22 years (mean = 20.3) were included in this
tudy. Eight of whom were male.

Same number of positive, negative and neutral pictures was
elected out from the International Affective Picture System
IAPS) [15] and the Chinese Affective Picture System (CAPS)
1] which was established to fit our native subjects. There
ncluded forty pictures in each emotional category (20 from
APS and 20 from CAPS). The positive and negative pictures
ere matched according to their normative valence extremi-

ies and arousal values which were collected from the previous
urveys [1,13]. The positive and negative stimuli had equal
alence extremity (positive valence M = 7.44 ± 0.27, negative

= 2.45 ± 0.21), and equal arousal (positive M = 5.77 ± 0.60,
egative M = 5.98 ± 0.77). The mean valence of neutral pictures
as 5.03 ± 0.11, the mean arousal was 4.01 ± 0.97. Each pic-

ure was inverted by an image software and then was composed
ith the original picture in a upper or lower adjacent position

Fig. 1). Each patchwork was sized 8 cm × 12 cm.
The participants were told that they would be watching pic-

ures on a computer monitor located approximately 70 cm in

ront of their eyes. The stimuli presenting procedure would
ollow a ‘fixation-cue-target-response signal’ sequence. In the
eginning of each trial, a white cross (0.7 cm × 0.7 cm) on a
lack background was presented at the center of the screen as

s
r
m

ig. 1. An example of the target pictures. Its upright part (normal scene) is
ocated in the upper position of the whole patchwork.

he fixation point for 500 ms. Then a white quadrangle flashed
andomly at the left or right side of the screen, which served as a
ocation cue (60% valid and 40% invalid). The center of the cue
ocated at the same horizontal level with the fixation cross. Its
orizontal visual angle was 7.4◦ and the vertical angle was 9.8◦.
he target picture, i.e., the patchwork described above, had the
ame visual angles with the cue and it was presented for 500 ms
fter an ISI ranged from 150 to 350 ms randomly. The partici-
ants were instructed to discriminate whether the normal scene
ocated at the upper or lower part of the whole patchwork. They
ere also told not to respond until there appeared a green round
ith a 2 cm diameter on the screen after 1000 ms from the offset
f the target. The response window would last for 1500 ms and
he participants should push ‘f’ on the keyboard with left index
nger if the normal scene was at the upper position, or else push
j’ with right index finger to indicate it was at the lower position.
he green round would disappear after response. The inter-trial

nterval (ITI, offset to onset) ranged between 700 and 1000 ms
andomly.
Electroencephalogram (EEG) data were recorded from 64
calp sites using Agcl electrodes mounted in an elastic cap (Neu-
oScan Inc.), with the linked reference on the left and right
astoids. The vertical electrooculogram (EOG) was recorded
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Table 1
Accuracy rates (%, M ± SE) by cue validity and emotional valence

Cue validity Positive Neutral Negative

V
I

s
w
i
u
d
r
v
w
f

2
n

b
t
n
w
F
e
I
u
h
G
t

s
a
v
M
(
A

v

o
1
s
F
i
a
i
t
w
v
p
v
e
3
n
t
p
e

t
p
[
d
a
f
T
i
p
t
s
t
m

i
c
t

F
a
n

alid 93.22 ± 2.39 94.21 ± 2.10 94.53 ± 3.01
nvalid 91.37 ± 3.58 89.67 ± 1.89 90.62 ± 2.40

upra- and infra-orbitally at the left eye. The horizontal EOG
as recorded from the left versus right orbital rim. Electrode

mpedances were below 5 k�. A bandpass of 0.05 to 70 Hz was
sed for the recording amplifiers. The EEG and EOG data were
igitized continuously at a sampling rate of 500 Hz/channel. A
egression procedure was used in which variance correlated with
ertical EOG activity was removed from the EEG signal. Trials
ith peak-to-peak deflection exceeding ±80 �V were excluded

rom averaging.
Average ERP waveforms were constructed according to the

(cue: valid and invalid) by 3 (valence: positive, negative and
eutral) design.

The averaging epoch was 350 ms including a 50 ms pre-onset
aseline. The ADJAR technique [34] was used to eliminate
he overlapping influence of cue wave on the early compo-
ents evoked by the target. The following 8 electrode pairs
ere chosen for statistical analysis: F1/F2, F3/F4, FC1/FC2,
C3/FC4, C1/C2, C3/C4, CP1/CP2 and CP3/CP4. P2 wave
voked by target was measured in the 160–240 ms time window.
ts latencies and amplitudes (baseline to peak) were analyzed
sing repeated-measures ANOVA with cue validity, valence,
emisphere lateralization and electrode site as factors. The
reenhouse–Geisser epsilon correction was applied to adjust

he degrees of freedom of the F-ratios.
Since the participants were not asked to give response as

oon as possible, the reaction time was not included in statistical
nalysis. Analyzing accuracy rates (ACC), it was found that cue
alidity had a significant main effect [F(1, 16) = 4.37, p < 0.05].
ean ACC was higher with valid cueing than with invalid cueing
Table 1). None of the other main effects or interactions for mean
CC was significant.

Fig. 2 shows the grand averages of P2 elicited by each cue
alidity × valence condition. There were significant main effects

u
t
t
s

ig. 2. Grand averages in C1 electrode site for the three emotional conditions under
mplitudes than non-negative pictures. The topographical maps for negative conditio
o significant change on P2 amplitude between valid cuing and invalid cuing conditio
e Letters 412 (2007) 134–138

f P2 amplitude for all the statistical factors [validity: F(1,
6) = 8.68, p < 0.05; valence: F(2, 32) = 18.73, p < 0.01; hemi-
phere lateralization: F(1, 16) = 14.52, p < 0.01; electrode site:
(7, 112) = 21.57, p < 0.001]. The largest amplitude appeared

n the anterior-central sites (e.g., FC1/FC2 and FC3/FC4). The
mplitude in the condition of valid cueing was larger than that in
nvalid cueing. Negative pictures evoked higher wave than posi-
ive and neutral pictures. The amplitude in the right hemisphere
as larger than that in the left hemisphere. There was also a
alidity × valence interaction [F(2, 32) = 9.45, p < 0.05], so sim-
le effect analyses were conducted further. It was found that in
alid cueing as well as invalid cueing, negative stimuli always
licited higher amplitude than positive and neutral stimuli [F(2,
2) = 13.24, p < 0.01; F(2, 32) = 21.55, p < 0.01]. In positive and
eutral conditions, the amplitude in valid cueing was larger than
hat in invalid cueing [F(1, 16) = 9.36, p < 0.05; F(1, 16) = 12.47,
< 0.01]. While in negative condition, cue validity had no influ-
nce on P2 amplitude [F(1, 16) = 1.34, p > 0.05].

In this experiment we used a peripheral cueing paradigm
o manipulate the distribution of attentional resources. The
eripheral cue attracts attention automatically and strongly
8,14,21,24]. This was evidenced again by the current behavioral
ata. Despite the high accuracy rates (above 90% in general) in
ll the experimental conditions, there was still a significant dif-
erence between the valid cuing and the invalid cuing condition.
he subjects performed better with sufficient attention than with

nsufficient attention, which was consistent with the cognitive
rocessing laws. From ERP data we observed higher P2 ampli-
ude in the valid condition than that in the invalid condition. It
uggested that more psychological resources were recruited by
he valid cue. All these data indicated that it was successful to

anipulate the attentional resources in the current study.
Unlike the valence judgment task applied in some other stud-

es [12,27], in this experiment the subjects were not asked to
are about the emotional property of the stimuli, which helped
o prevent the subjects from supposing certain category of stim-

li was more important than others so paying more attention to
hem voluntarily or involuntarily [2]. In this study, the direc-
ion and the position of the picture were judged explicitly, and
imultaneously the emotional contents were processed implic-

valid cuing and invalid cueing showed that negative pictures evoked larger P2
n indicated that (a) P2 was maximal at the anterior-central sites; (b) there was
n; (c) there was a right hemisphere lateralization in emotional processing.
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tly. In all the conditions the explicit task was identical, so the
ifferences of ERP amplitudes should be attributed to the differ-
nt emotional properties of the stimuli. As for the relationship
etween the explicit task and the implicit task, there may be
wo kinds of situations [10]. On the one hand, emotional con-
ents may interfere with the explicit task, so the subjects have
o inhibit the emotional processing to ensure the direction judg-
ent. If there exists a negativity bias, negative materials which

ave stronger interference effect will recruit more energies and
voke larger ERP amplitudes. Of course, on the other hand, emo-
ional contents may be processed automatically and rapidly, so
he implicit task may be accomplished ahead of the explicit task.
here is no competition between the two tasks, moreover, emo-

ional contents can activate the activities of the brain so more
ttentional resources are accessible, i.e., emotional processing
ay facilitate the direction judgment. The stimuli which own

tronger activating ability will evoke larger amplitudes. In the
urrent study the subjects were not required to respond as early
s possible, so we can not know whether there exists a facili-
ating or interfering effect from the reaction time. There was no
ccuracy difference among the three emotional conditions, so we
annot deduce the relationship of the two tasks. Nevertheless,
t would not influence our exploration on emotional negativity
ias from the electroencephalogram data.

This study found a positive-going component, named P2,
hich reached its peak value at about 200 ms after stimulus onset

nd was maximal at the anterior-central scalp sites. Its amplitude
as modulated by cue validity as mentioned above, and associ-

ted with the emotional valence of the stimuli (to be discussed
elow). These characteristics are similar to the P2 component
escribed in previous literatures [2,18], in which P2 is thought
o be related to selective attention. So in this study we use P2 as a
hysiological mark to analyze the relationship between emotion
nd attention.

In previous implicit tasks [2,5] the target was often presented
ithin the attentional focus. In order to control the attention allo-

ation more strictly, we used the peripheral cueing paradigm to
ealize sufficient attention and insufficient attention condition.
rom the analysis of P2 component it was found that negative
ondition evoked the highest amplitude among the three emo-
ional conditions. Since P2 is an attention-related component
2,3,18], this result supports the attentional bias strongly. Fur-
hermore, it was found that in valid and invalid cueing, there
as no significant change of the amplitude elicited by negative

timuli. In other words, emotional processing of negative infor-
ation was not modulated by the cue validity. It seems that to

ome extent negative stimuli can resist the shortage of atten-
ional resources. They can activate more or stronger neuronal
ctivities with limited psychological resources compared with
ther kind of information. It suggests that this kind of infor-
ation may possess a preferential status in neural mechanism.
sychological resources are allocated preferentially to the infor-
ation which seems more urgent to the security and survival of
rganism [19].
From the current results, we can see that the attentional bias

ccurred very early (about 200 ms after stimuli onset which was
ndexed by P2) in information processing. P2 is a component on
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p
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he boundary of consciousness and unconsciousness so the bias
ay be manipulated by automatic mechanism in some extent.
ccording to literatures to date [16,20,32,29], there are two

outes by which emotional information is processed: the first
s a cortically based system used to recognize stimuli on the
asis of distinct perceptual features; the second consists of more
irect connections to sensory organs via the thalamus, bypassing
he longer cortical route. Dr. Joseph LeDoux suggests that the
ubcortical pathway provides a quick analysis of the affective
roperties of stimuli that serves as an initial template for sub-
equent processing [16]. His conclusions have been supported
y some studies. It was found that brief, backward-masked pre-
entations of fearful but not happy faces activated the amygdala
ven though participants were unaware that either type of face
ad been presented [32]. A similar experiment found that the
athway of activation passed through the thalamus and amyg-
ala but bypassed the cortex [20]. Maybe this route is the most
mportant mechanism that underlies the automatic process of
egativity bias. It is easy to understand the usefulness of a nega-
ivity bias from an evolutionary viewpoint. Undoubtedly, quick
nalysis and prompt reaction mean more chances in the survival
ompetition. However, there are still much unknown about how
he emotional activities are initiated and modulated.

It has been explored for a long time about the temporal course
f emotional processing. The present results and some other
tudies [2,3,12] showed that the attentional bias occurred at
bout 200 ms after stimuli onset. While there were reports that
1 amplitude was modulated by emotional properties, suggest-

ng the bias might occur earlier [25,27]. No doubt the variation
f experimental designs is one of origins for this inconsistency.
dditionally, we should recognize that maybe such unstability

s just the manifestation of the intrinsic characteristics of the
ttentional bias. There may be an accumulative effect in the bias
nd the current techniques cannot measure it when it is still very
eak in the beginning. When it comes to its critical time, e.g.,
00 ms, the bias emerges but is not so stable. Again, although
he attentional bias can occur automatically, it may require some
uantity of psychological resources [23]. Sometimes the acces-
ible resource is too little to support the work, so the bias will
ot occur or be delayed to a later time, e.g., 200 ms. Thus, the
esults from different studies seem not so consistent.

The present study also observed that in all the emotional
onditions the amplitudes in the right hemisphere were larger
han that in the left hemisphere, i.e., there was a hemisphere
ateralization of emotional processing. This result is consistent
ith the right lateralization hypothesis [6,17,28,31], in which

he right brain hemisphere is the dominant hemisphere in emo-
ional activities and it is activated stronger than the left side in
motional processing. However, what revealed by this study is
nly a rough description about emotional lateralization. Meta
nalysis [30] indicated that in current situations it was no longer
ppropriate to discuss the lateralization in a unit of hemisphere.
ifferent brain areas or neural structures may have their own
haracteristics on this question. More elaborate work is needed
n the future.

In conclusion, this study suggests that negative information
ossesses a preferential status in emotional processing and it
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an resist the attention shortage to some extent. An automatic
echanism may manipulate this phenomenon, which ensures

rganisms respond to dangerous signals in the outer environment
referentially and gain more chances in survival competition.
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