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Abstract The present study investigated the neural mecha-
nisms that underlie the higher levels of subjective well-being in
extraverts. The impact of extraversion on the human sensitivity
to pleasant and unpleasant pictures of diverse emotional
intensities was examined. We recorded event-related potentials
(ERPs) for highly positive (HP), moderately positive (MP), and
neutral stimuli in the pleasant session, and for highly negative
(HN), moderately negative (MN), and neutral stimuli in the
unpleasant session, while subjects (16 extraverts and 16
ambiverts) performed a standard/deviant categorization task,
irrespective of the emotionality of the deviant stimuli. The
results showed significant emotion effects for HP and MP
stimuli at the P2 and P3 components in extraverts, but not in
ambiverts. Despite a pronounced emotion effect for HN stimuli
across the P2, N2, and P3 components in both samples,
ambiverts displayed a sig
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regions that are important in interactions of emotion and
extraversion, may mediate the extravert-specific emotion effect

for pleasant stimuli. Thus, extraverts are less susceptible to
unpleasant stimuli of mild intensity than are ambiverts, while
extraverts have an additional enhanced sensitivity to pleasant
stimuli, regardless of emotion intensity. Consequently, the
decreased threshold for pleasant emotion and the increased
threshold for unpleasant emotion might be essential neural
mechanisms that underlie the higher levels of subjective well-
being in extraverts.

Keywords Extraverts . Event-related potentials .

Unpleasant resistance .Well-being . Posterior cingulate
cortices (PCC)

Extraversion is a trait that describes the tendency of a
person to be upbeat and optimistic and to enjoy social
contact (Ashton, Lee, & Paunonen, 2002; Eysenck, 1990).
Extraversion has been shown by many studies to be
associated with subjective well-being and personal happi-
ness (Costa & McCrae, 1990; Eysenck, 1990; Larsen &
Ketelaar, 1989, 1991; Rusting & Larsen, 1997). In early
studies, Jeffrey Gray (1970) proposed in his well-known
BAS/BIS theory (behavioral approach/inhibition system)
that extraverts are hypothesized to be more sensitive to
signals of reward and are distinct from introverts, who are
postulated to be more susceptible to punishment. In line
with this theory, Costa and McCrae (1980) found that
individuals who scored highly on tests for extraversion
reported more pleasant affects in everyday life than did



tended to experience pleasant affects in various reward
situations, both social and nonsocial (Cunningham, 1988).
Furthermore, social psychology studies have also found a
correlation between extraversion and subjective well-being,
with greater levels of personal happiness in people who are
strong extraverts (Myers, 1992). Recently, cross-cultural
studies using large samples have established the essential
roles of pleasant affects and reward sensitivity in trait
extraversion (Lucas & Diener, 2001; Lucas, Diener, Grob,
et al., 2000).

These behavioral findings have been reinforced by a
number of neuroimaging studies. In a series of functional
MRI studies, Canli and colleagues (Canli, Sivers, Whitfield,
et Whitfield,



how different cognitive steps, indicated by different
components, embody the impact of extraversion in emo-
tional responding.

Prior studies that have used oddball tasks reported
emotion valence effects for several ERP components after
controlling for arousal influences, such as in early compo-
nents including the frontal P2 (Delplanque, Lavoie, Hot,
Silvert, & Sequeira, 2004; Yuan et al., 2007) and central N2
(Li et al., 2008; Yuan et al., 2007), and in late
components including the parietal P3 (Delplanque et al.,
2004; Delplanque et al., 2005; Rozenkrants & Polich,
2008; Yuan et al., 2008). Moreover, the frontal P2 and the
parietal P3, two components that are accepted as indexing
attentional (Carretié et al., 2001) and controlled evaluative
(Ito, Larsen, Smith, & Cacioppo, 1998) processes, respec-
tively, have been reported as early and late markers of
extraversion’s impact on emotion (Bartussek et al., 1996;
Yuan, He, et al., 2009). Additionally, a centrally peaking
N2 was known to reflect the attention orienting response
to potentially important stimuli in oddball tasks (Carretié,
Hinojosa, Martín-Loeches, Mercado, & Tapia, 2004).
Therefore, if extraverts are indeed different from ambi-
verts in terms of their attentional, vigilant, and controlled
cognitive processing of unpleasant and pleasant stimuli,
we predict that the frontal P2, central N2, and parietal P3
components will reflect the impact of extraversion on the
emotional brain effects for different processing phases.
Specifically, the P2 and P3 amplitudes, which increase
with greater involvements of attention and cognitive
resources, respectively, may be more pronounced during
pleasant stimulation in extraverts as compared to ambi-
verts (Bartussek et al., 1996; Yuan, He, et al., 2009).
However, if extraverts are truly less susceptible to
unpleasant events than are ambiverts (Carretié et al.,
2004), they should exhibit less ERP differentiation
between unpleasant and neutral conditions. This would
particularly be the case for the N2 and P3 components,
which index attention alerting to and the cognitive
processing of unpleasant stimuli, respectively. Addition-
ally, the occipital P1 component and its frontal counterpart
(frontal N1), which peak at approximately 100 ms
poststimulus (Spitz, Emerson, & Pedley, 1986; Wei &
Luo, 2002), are considered to be indexes of early visual
processing (Campanella et al., 2002; Heinze et al., 1994;
Spitz et al., 1986; Yuan et al., 2007). Therefore, we
measured and analyzed the occipital P1 and the frontal N1
components to examine whether extraversion modulated
the early visual processing of stimulus features, and
whether this potential modulation varied depending on
the emotional valence intensity of the stimuli.

Moreover, because we targeted the brain mechanisms
that underlie the higher levels of subjective well-being in
extraverts, the present study used an extreme-group design

instead of a set of subjects whose extraversion scores would
be evenly distributed in each interval of the distribution. We
did so in order to create groups that differed only on the
variable of interest (extraversion) and not on neuroticism.
Specifically, we classified as the experimental group a set
of subjects who scored highly in extraversion (extraverts),
and as the control group a set of subjects who had medium
levels of extraversion (ambiverts). Additionally, because
emotionally evocative scenes have been found to be
effective in generating an experience of emotion states
(Britton, Taylor, Sudheimer, & Liberzon,





than 1,000 ms. Each response was followed by 1,000 ms of
blank screen (see Fig. 1 for the session designs). Pretraining



trode impedances were maintained below 5 kΩ. The
averaging of ERPs was computed offline using the Vision
Analyzer software package developed by the Brain Prod-
ucts Company. EOG artifacts (blinks and eye movements)
were corrected offline, and a 16-Hz low-pass filter was
used. The Vision Analyzer software used an automatic
ocular correction procedure to eliminate EOG artifacts, with
one sensor as the EOG monitor and the other as the
reference for both horizontal and vertical EOG sensor pairs.
Trials with a mean EOG voltage that exceeded ±80 μV and
those trials contaminated with artifacts due to amplifier
clipping of peak-to-peak deflection that exceeded ±80 μV
were excluded from the averaging. The percentage of
rejected trials for each condition was very low (<7%), so
that enough trials were obtained for ERP averaging. The
averaged numbers of trials were 56.84 for the HP, 57.31 for
the MP, and 56.91 for the neutral condition during the
pleasant session, while the averaged numbers of trials were
56.69 for the HN, 56.31 for the MN, and 56.13 for the
neutral condition during the unpleasant experimental
session.

The EEG for the correct response during each emotion
condition was averaged separately. The ERP waveforms
were time-locked to the onset of the stimuli and had an
averaged duration of 1,000 ms, including a 200-ms
prestimulus baseline. As is shown by the average map of
the ERPs, each emotion condition, irrespective of extraver-
sion, elicited apparent P2, N2, and P3 activity in both
sessions (see Figs. 4 and 5 below). Therefore, the
amplitudes (baseline to peak) and peak latencies of the P2
(140 to ~200 ms), N2 (220 to ~300 ms), and P3 (330 to
~460 ms) were measured and analyzed. The following 12
electrode sites were selected for the statistical analysis of
the P2 and N2 components: Fz, F3, F4, FC3, FC4, FCz, Cz,
C3, C4, CP3, CPz, and CP4. A repeated measures ANOVA
of the amplitudes and peak latencies of these components
was conducted with the following repeated factors: emotion
(three levels: highly emotional, mildly emotional, and
neutral), experimental session (two levels: pleasant and
unpleasant), frontality (four levels: frontal, frontocentral,
central, and centroparietal), and laterality (three levels: left,
midline, and right). Extraversion was used as a between-
subjects factor. Because P3 activity was largest at the
parietal sites, the analysis of the P3 component also
included the three parietal sites (P3, Pz, and P4), along





ERP results

Occipital P1/frontal N1 The repeated measures ANOVA for
the occipital P1 component, with session and emotion as
the repeated factors and extraversion as the between-
subjects factor, showed no significant main or interaction
effects for either peak amplitudes or latencies (see





1.7 ms) elicited shorter latencies than did moderately
emotional (158.7 ± 1.6 ms) and neutral (160.8 ± 1.9 ms)







the role of parietal P3 in reflecting conscious processing



(Donchin, 1981; Ito et al., 1998). In emotion assessment
tasks, subjects are required to evaluate the emotionality of
the stimuli and to categorize them according to valence (Ito
et al., 1998; Schupp et al., 2003). Therefore, unpleasant
stimuli, which are known to be important for biased
processing in the brain, should be evaluated as more
biologically significant, and consequently should elicit
enhanced physiological and psychological resources, rela-
tive to other stimuli. This biased evaluative process
probably contributes to the higher P3 amplitudes during
unpleasant versus neutral conditions in emotion assessment
tasks (Ito et al., 1998). However, in covert emotional
studies, subjects are required to perform a cognitive task
that is irrelevant to emotion evaluation. This determines
that subjects have to inhibit all task-irrelevant information,
especially that associated with prepotent, biased processing
(for discussions, see Yuan, Lu, Yang, & Li, 2011; Yuan et
al., 2007). Accordingly, unpleasant trials may involve a
process of cognitive control that is absent in neutral trials,
which probably contributed to the smaller P3 amplitudes
during negative versus neutral conditions in this study. This
explanation is consistent with the established findings in
cognitive control studies, whereby the cognitive control of
task-irrelevant information results in smaller P3 or late
positive potential amplitudes (Liotti, Woldorff, Perez, &
Mayberg, 2000; Markela-Lerenc et al., 2004; Yuan, Xu, et
al., 2011). The involvement of cognitive control might
explain why covert emotional studies have consistently
yielded smaller P3 amplitudes for negative than for neutral
stimuli, in addition to the present findings (Carretié et al.,
1997; Delplanque et al., 2004; Li et al., 2008; Yuan et al.,
2007).

Neural bases underlying the sensitivity of extraverts
to pleasant events

Neuroimaging studies have shown the roles of wide regions
of frontal temporal lobes and of subcortical structures (e.g.,
the basal ganglia, amygdala, and nucleus accumbens) in
pleasant emotion processing and in its interaction with
extraversion (Canli et al., 2002; Canli et al., 2001; Cohen,
Young, Baek, Kessler, & Ranganath, 2005). It is worth
noting that the cingulate cortex (particularly the posterior
cingulate cortex [PCC]), a limbic structure located between
the neocortices and subcortical structures, has neural
projections with wide areas of the neocortices (e.g.,
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