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Abstract

Many studies have used the P300 as an index for cognitive processing and neurological/psychiatric disorders. Here, we
combined the source separation and source localization methods to investigate the cortical origins of the P300 elicited in
a facial attractiveness judgment task. For each participant, we applied second-order blind identification (SOBI) to
continuous EEG data to decompose the mixture of brain signals and noise. We then used the equivalent current dipole
(ECD) models to estimate the centrality of the SOBI-recovered P300. We found that the ECD models, consisting of
dipoles in the frontal and posterior association cortices, account for 96.5 ± 0.5% of variance in the scalp projection of the
component. Given that the recovered dipole activities in different brain regions share the same time course with different
weights, we conclude that the P300 originates from synchronized activity between anterior and posterior parts of the
brain.
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The classical P300 is a positive-going event-related potential (ERP)
component, which reaches its maximum at 300 ms (or more) after
the presentation of a stimulus. It was first reported in a cue-target
experimental factors: the first factor was attractiveness (attractive
vs. unattractive), which referred to the facial attractiveness of feed-
back faces; the second was consistency (consistent vs. inconsist-
ent), which referred to the attractiveness of feedback faces and
whether or not they were consistent with participants’ initial judg-
ments of the blurred faces. In the previous study (Zhang et al.,
2012), ERPs locked to the feedback faces showed that the P300
was more positive for faces consistent with than for faces incon-
sistent with the initial judgment, and was more positive for attrac-
tive faces than for unattractive ones. There was no interaction
between attractiveness and consistency. These results suggested
that the P300 can simultaneously encode different attributes of
feedback. In the current study, we further investigated the func-
tional significance of the P300 based on both its spatial origins and
how it is modulated by experimental factors. We first applied a
source separation algorithm to isolate the P300 component; we
then used its scalp projection as input for source localization. In
particular, we applied the second-order blind identification (SOBI;
Belouchrani, Abed-Meraim, Cardoso, & Moulines, 1997) pro-
cedure to the continuous EEG data to isolate functionally distinct
P300 sources for further investigation of their neuronal generators.

SOBI is a blind source separation algorithm that can be used to
decompose scalp EEG signals into a set of putative recovered
neuronal sources (i.e., SOBI-recovered components). Recent work
has shown that SOBI is effective and robust in separating EEG data
into physiologically interpretable components (Lio & Boulinguez,
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2013; Tang, 2010; Tang, Sutherland, & McKinney, 2005). Instead
of simply minimizing the instantaneous correlation between recov-
ered sources, SOBI quantifies their relatedness by simultaneously
minimizing cross-correlations between all pairs of recovered
sources and across all temporal delays (excluding autocorrelations;
for details, see Belouchrani et al., 1997; Cardoso & Souloumiac,
1996). In this way, SOBI supports the use of temporal information
contained in the EEG time series for source separation. Therefore,
SOBI is capable of separating correlated neuronal sources, and a
single SOBI component can be recovered when multiple brain
regions share very similar time courses of activation through syn-
chronization (Tang, 2010; Tang et al., 2005).

Method

The dataset used here was collected in our previous study (see
Zhang et al., 2012, for more details). EEGs from 64 channels were
recorded from 16 undergraduate students (eight female) during a
facial attractiveness judgment task. EEG data were sampled at
512 Hz with a band-pass filter of 0.05–100 Hz. Before SOBI pro-
cessing, time periods of rest and apparent noises were discarded
from the dataset.

SOBI Processing

SOBI decomposes n-channel continuous EEG into n SOBI com-
ponents, each of which corresponds to a recovered putative source
that contributes to the scalp EEG signal. Each SOBI component has
a time course of activation and an associated sensor space projec-
tion that specifies the effect of that putative source on each of the n
electrodes.

Let x(t) represent the n continuous time series from the n EEG
channels and xi(t) the readings from the ith EEG channel. Because
various underlying sources are summed via volume conduction to
give rise to the scalp EEG, each of the xi(t) can be assumed to be an
instantaneous linear mixture of n unknown components or sources
si(t), via the unknown n × n mixing matrix A. x(t) = As(t). The
putative sources, ŝ(t), are given by ŝ(t) = Wx(t), where W = A−1.
SOBI finds the unmixing matrix W through an iterative process that
minimizes the sum squared cross-correlations between one recov-
ered component at time t and another component at time t + τ,
across a set of time delays (Cardoso & Souloumiac, 1996; http://
sig.enst.fr/~cardoso/). The following set of delays (τs, in ms) were
chosen to cover a reasonably wide interval without extending



components displayed characteristic P300 responses, reflecting a
positive-going waveform, which reached its maximum 14.4 ±
1.6 μv at 528 ± 31 ms postonset over participants. Spatially, the
scalp projections were consistent with typical distributions of the
P300 component, showing frontocentral (n = 3), central (n = 8),
and centroparietal (n = 5) distributions.

The ECD models accounted for 96.5 ± 0.5% (n =



gyrus, n = 1; superior temporal gyrus, n = 2; occipital gyrus,
n = 12; lingual gyrus, n = 3). For each individual, the recovered
P300 dipole activities in the frontal and posterior regions shared the
same time course with different weights, indicating that these brain
regions cooperated via synchronization. In addition, we performed
source localization using standardized shrinking LORETA-
FOCUSS (SSLOFO), which is representative of the distributed
source models. Localization results are similar to those based on
ECD models.

Repeated measures ANOVAs revealed a significant main effect
of attractiveness on the P300 latency, F(1,15) = 9.16, p < .01, with
the P300 taking a longer time to reach its maximum for unattractive
faces (565 ms) than for attractive faces (544 ms). The main effect
of consistency was also significant, F(1,15) = 19.92, p < .001, with
the P300 taking a longer time to reach its maximum for the incon-
sistent condition (566 ms) than for the consistent condition
(544 ms). There was no interaction between attractiveness and
consistency, F(1,15) < 1, p > .1. Our analysis of the P300 peak
amplitude resulted in no significant effects. Note that the effects of
attractiveness and consistency were observed on peak latency,
rather than on peak amplitude as in Zhang et al. (2012). Methodo-
logical differences in source separation could have contributed to
this difference. Principal component analysis (PCA) used in Zhang
et al. (2012) was performed on ERPs averaged over trials in each
condition, whereas SOBI was performed for each participant indi-
vidually at a time based on continuous EEG data covering single
trials. Compared with a PCA P300, which possibly has a mixture of
neuronal sources and noise sources, an SOBI P300 has physiologi-
cally more interpretable neuronal sources. Moreover, given that

SOBI can utilize temporal structures in the data (i.e., using a set of
temporal delays), SOBI is capable of revealing variations in P300
latency across conditions that cannot be detected by PCA.

Discussion



different brain regions shared the same time course of activa-
tion, suggesting that these brain regions cooperated via
synchronization.

ERP results revealed that it took longer for the P300 to reach its
maximum for unattractive faces than for attractive faces and for the
inconsistent condition than for the consistent condition. The P300
latency is believed to be a sensitive measure of the time needed to
evaluate visual stimuli (Polich, 2007). Compared with unattractive
faces, attractive faces may have higher motivational significance
and thus may capture attention more easily (Johnston &
Oliver-Rodríguez, 1997; Schupp et al., 2000), facilitating attrac-
tiveness evaluation in working memory. Moreover, compared with
the consistent condition, faces in the inconsistent condition may
take a longer time to be encoded in working memory due to the
process of conflict resolution. Therefore, it is possible that the
frontal-posterior network, which generates the P300 component,
supports the working memory operation during the evaluation of
facial attractiveness and consistency. This suggestion is in line with

a previous study showing that synchronization between frontal and
posterior association cortices plays an important role in working
memory processing (Sarnthein, Petsche, Pappelsberger, Shaw, &
Von Stein, 1998); in working memory processing, relevant infor-
mation is held and continuously updated in frontal areas, while
sensory information is stored in posterior association cortices.

The scalp projections of the P300 component varied across
participants. Both individual differences in processing the feedback
faces and the unsteadiness of the physical positions of EEG chan-
nels on the head could contribute to this variation (Tang, 2010).
Importantly, however, there existed a relatively stable configuration
of P300 generators across these participants.

In conclusion, the present study found that (a) there exists a
functionally distinct visual P300 component in facial attractiveness
judgment after source separation; and (b) this P300 originates from
synchronized activity between the frontal and posterior association
cortices, which may be associated with working memory processes
involved in the task.
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