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Attention and emotion influence the relationship
between extraversion and neural response

C. A. Hutcherson, P. R. Goldin, W. Ramel, K. McRae, and J. J. Gross

Stanford University

Extraversion has been shown to positively correlate with activation within the ventral striatum, amygdala and other
dopaminergically innervated, reward-sensitive regions. These regions are implicated in emotional responding, in a manner
sensitive to attentional focus. However, no study has investigated the interaction among extraversion, emotion and attention.
We used fMRI and dynamic, evocative film clips to elicit amusement and sadness in a sample of 28 women. Participants were
instructed either to respond naturally (n = 14) or to attend to and continuously rate their emotions (n = 14) while watching the
films. Contrary to expectations, striatal response was negatively associated with extraversion during amusement, regardless of
attention. A negative association was also observed during sad films, but only when attending to emotion. These findings suggest
that attentional focus does not influence the relationship between extraversion and neural response to positive (amusing) stimuli

but does impact the response to negative (sad) stimuli.

INTRODUCTION

Philosophers dating back over two millennia to Plato (and
beyond) have speculated about the nature of individual
differences in motivation and emotion. One fundamental
personality dimension that has received considerable atten-
tion in this regard is extraversion (Costa and McCrae, 1980;
Goldberg, 1990; John and Srivastava, 1999). A consensus has
emerged that differences in extraversion involve differences
in emotional reactivity (Gross et al, 1998; Depue and
Collins, 1999); however, the literature has also been
characterized by conflicting findings that make definitive
categorization of this affective response style elusive. With
the advent of modern neuroimaging techniques, new
insights into the biological bases of personality are emerging,
and scientists have begun to link variation in brain func-
tion to extraversion, promising a better understanding of
this trait.

Behaviorally, extraversion is associated with a tendency to
be assertive, to experience excitement and positive affect and
to enjoy social situations (Costa and McCrae, 1980; Depue
and Collins, 1999; Lucas et al, 2000). Researchers have
attempted to link this profile to differences in affective
reactivity to specific positive and negative stimuli, but it
remains unclear how best to characterize these differences.
Extraversion is consistently linked to greater sensitivity to
positive or rewarding stimuli (Depue and Collins, 1999;
Lucas et al., 2000). Extraverts report more positive affect
while watching funny films (Gross et al, 1998; Morrone
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et al, 2000), imagining themselves in happy events
(Larsen and Ketelaar, 1991), and in a variety of other
situations (Lucas and Fujita, 2000). However, there is
disagreement over whether extraverts respond more strongly
than introverts to all classes of rewarding stimuli generally,
or more specifically to social rewards (Diener et al., 1984;
Lucas et al,, 2000; Lucas and Diener, 2001; Ashton et al.,
2002).

Extraversion has also been linked with negative emotional
responding, although findings have been considerably more
mixed. Most researchers note little relationship with negative
affect, which is more strongly associated with neuroticism
(Diener et al., 1984; Gross et al, 1998). Others have found
extraversion to be associated with decreased experience of
negative affect. Extraverts experience less negative affect
during sad films (Lischetzke and Eid, 2006) and when
imagining themselves in unpleasant situations (Larsen and
Ketelaar, 1991), and report lower levels of negative mood
across the day than introverts (Stewart ef al., 2005). On the
other hand, some researchers have reported a positive
relationship between extraversion, crying and sadness
(Choti et al., 1987; Peter et al., 2001). It is not clear how
to reconcile these conflicting findings, and it may be that
differences in the context, or the method of induction and
measurement of emotion and personality exert an impor-
tant, although as yet unspecified, moderating effect on these
relationships.

Recent advances in the ability to dynamically, non-
invasively image the human brain promise new insight
regarding these issues. As our understanding about the
functions of different neural circuits grows, and as we link
differences within those circuits to individual differences in
personality, we may develop a more nuanced understanding
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of the relationship between extraversion and emotion. Yet,
only a relatively small number of studies have examined the
neural bases of extraversion, in a limited number of contexts.

In these studies, researchers frequently observe a correla-
tion between extraversion and a set of dopaminergically
innervated regions, including the ventral striatum [com-
prised of the nucleus accumbens (NAcc), as well as ventral
caudate and putamen], amygdala and medial prefrontal
cortices (Depue and Collins, 1999). These regions appear to
be critical to incentive processing (Olds and Milner, 1954;
Breiter et al., 2001; Knutson et al., 2001a, b; O’Doherty et al.,
2002; Kringelbach et al., 2003). However, which specific
components of this response relate to extraversion and in
what direction, remains uncertain. Extraversion has been
found to correlate positively with the response in the nucleus
accumbens, medial prefrontal (MPFC) and orbitofrontal
cortex (OFC) to receipt (but not anticipation) (Cohen et al.,
2005) and to anticipation (but not receipt) (Knutson and
Bhanji, 2006) of monetary rewards. Researchers have also
found that extraverts respond more strongly in the amygdala
to smiling faces and positive pictures (Canli et al, 2001,
2002) and to pleasant smells (Vaidya et al., 2007); however,
Mobbs et al. (2005) find that extraverts respond less strongly
in the amygdala to amusing cartoons. These findings support
the link between extraversion and positive emotion; how-
ever, their discrepancies also highlight the poorly understood
difference between various types or components of the
reward response. Interpretation of these results is further
complicated by data demonstrating the involvement of both
the amygdala and ventral striatum in the processing of
negative stimuli (Adolphs et al., 1999; Becerra et al., 2001;
Phan et al, 2002; Reynolds and Berridge, 2001, 2002;
Yacubian et al., 2006; Seymour et al., 2007), although the
conditions under which either structure participates in
negative or positive processing has yet to be fully specified
(Cooper and Knutson, 2007).

One important additional consideration is that recent
work suggests that processing within these regions may be
modulated by attentional and contextual factors. Attending
to emotion activates the medial prefrontal and anterior
cingulate cortices (Lane et al., 1997, 1998; Hariri et al., 2000;
Ochsner et al., 2004; Taylor et al., 2003; Hutcherson et al.,
2005), and also modulates activation in the amygdala
(Hariri et al., 2000; Taylor et al., 2003) and ventral striatum
(Gorno-Tempini et al, 2001). Furthermore, amygdala
activation to ambiguous stimuli, such as surprised faces,
varies depending on contextual cues (Kim et al, 2004) and
striatal response can depend on the contextual salience of a
stimulus (Zink et al., 2004). Such effects may occur because
attention alters the salience of aspects of the emotional
events with which the amygdala and ventral striatum are
concerned.

Attentional factors may play a role in the pattern of
affective responding observed in extraverts, who consistently
react more strongly to positive stimuli, across a variety of

C.A. Hutcherson et al.

contexts, but show less consistent differences for negative
stimuli. If extraversion is associated with responding in the
striatum, amygdala and MPFC, and these regions are
sensitive to manipulations of attention, then attention may
modulate the relationship between extraversion and
response to affective stimuli. This hypothesis may explain
some of the inconsistencies in the neural or behavioral
literatures regarding the relationship between extraversion
and positive or negative emotion. In studies where amygdala
responds more strongly to positive stimuli in extraverts,
participants have either actively attended away from the
emotion (e.g. judging gender in facial expression tasks: Canli
et al., 2001) or passively experienced the emotion (Canli
et al., 2001; Vaidya et al., 2007). In contrast, the sole study to
find a negative relationship between amygdala response and
funny jokes required participants to actively attend to and
rate their emotional responses. In the behavioral literature,
too, the extent to which studies focus participants on
emotion may help to explain divergent results. Studies that
obscure their interest in emotion by focusing participants on
cognitive or memory aspects of a task (Larsen and Ketelaar,
1991) tend to find that extraversion predicts less negative
emotion, whereas studies finding weak (Gross et al., 1998) or
strong (Choti et al, 1987) positive correlations between
extraversion and negative emotion tend to focus participants
on the emotional experience. Such findings suggest the
need to more carefully assess the attentional constraints
of a task when exploring personality, although as yet no
formal comparison has been made of the relationship
between personality and emotion under varying attentional
contexts.

Is extraversion differentially related to neural response to
negative or positive emotion in more evocative, temporally
varying, socially meaningful contexts or under particular
attentional conditions? The present study examined the
neural correlates of extraversion in dynamic, social, emo-
tionally engaging amusing, sad and neutral films, a context
not previously used in neuroimaging studies of this
personality trait. Amusement activates reward circuitry
(Mobbs et al., 2003). Although sadness has not been linked
to the ventral striatum, it has been shown to activate the
amygdala, as well as regions involved in social cognition
(Goldin et al., 2005). We also identified neutral films that
included social interaction, to allow us to fully leverage
contrasts between emotions. In order to understand the
degree to which attentional factors contribute to hetero-
geneous responding in extraversion, we included an atten-
tional manipulation: participants either simply watched
films, or continuously rated their emotional experience
while watching, allowing us to compare effects in the
two groups.

Using this approach, we tested (i) whether extraversion is
related to positive responsivity only, or also to negative
responsivity and (ii) whether the relationship between
extraversion and response in regions such as the ventral
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striatum and amygdala are modulated by attentional focus
for positive or negative emotion.

METHOD
Participants

Twenty-eight women (18-21 years) were recruited from the
Stanford University community. All participants were right-
handed, had normal visual acuity and were screened for
history of psychiatric or medical disorders. Only women
were enrolled to limit potential gender differences in
emotional responding (Wager et al., 2003). Participants
provided informed consent in accordance with guidelines
set forth by the Medical Human Subjects Committee of
Stanford University.

Materials and measures

Personality. Extraversion was assessed using the 48-item
extraversion scale of the Revised NEO Personality Inventory
(NEO-PI-R: Costa and McCrae, 1992).! Mean levels of
extraversion did not differ between the two groups
(Myjew = 170.71, s.d. =20.90; Mgy = 162.14, s.d.=12.61,
#(26) =1.31, P<0.2).

Film stimuli. Participants viewed a series of nine 2 min
color film clips. Two amusing and two sad film clips were
drawn from a set of previously validated film stimuli (Gross
and Levenson, 1995). These included amusing clips invol-
ving a single actor in a comedic routine and sad clips
involving an adult and a child in a sad interaction. We
selected five neutral clips that were matched to the emotional
film clips in duration, number of actors and social
interaction. The neutral clips consisted of a single actor
demonstrating cooking skills or two actors demonstrating
home repair, sewing or commercial sales, and were
interleaved between each of the emotional films. The clips
were presented in one of two counterbalanced orders,
beginning with a neutral clip followed either by an amusing
or sad clip and alternating emotion type with interleaved
neutral films.

Procedure

In a separate session, 1 week prior to scanning, participants
completed a packet of questionnaires including the measure
of extraversion. During the scanning session, participants
viewed the series of amusing, neutral and sad clips within the
MR scanner in a single functional run, during which they
were instructed to allow themselves to respond as naturally
as possible. Participants were randomly assigned to one of
two instructional groups: ATTEND (n=14) or WATCH
(n=14). Participants in the ATTEND group were instructed
to attend and make continuous ratings of their emotion
experience while watching the films (for a more complete

1 In addition, the 48-item version of the Neuroticism scale, and short, 12-item measures for openness,
conscientiousness and agreeableness were included. Inspection of these measures indicated that none were
significantly correlated with extraversion except conscientiousness, and all results reported in the paper hold
when controlling statistically for the influence of these other personality variables, including neuroticism.
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description of the rating manipulation and main effects on
neural activity, see Hutcherson et al, 2005). Participants in
the WATCH group viewed the films without making ratings.
After exiting the scanner, participants completed a ques-
tionnaire assessing their emotional responses to the films.

Image acquisition

Imaging was performed on a General Electric 3 Tesla Signa
magnet using a T2*-weighted gradient echo spiral in/out
pulse sequence using blood oxygenation level-dependent
(BOLD) contrast (Glover and Lai, 1998) collected via a
custom-built quadrature ‘dome’ elliptical bird cage head
coil. Head movement was minimized using a bite bar formed
with the subject’s dental impression. Functional images (560
volumes per functional run) were obtained from 25
sequential axial slices using the following parameters: TR
(relaxation time) =2000ms, TE (echo time)=30ms, flip
angle=60 degrees, FOV =24 cm, matrix =64 x 64, single
shot, in-plane resolution=3.75x 3.75mm, slice thick-
ness=5mm, no gap. A Tl-weighted fast spin echo
anatomical scan was acquired in the same plane as the
functional slices prior to acquisition of functional scans
(TR =500 ms, TE = 14 ms, in-plane resolution =0.9375 mm
and slice thickness =5 mm).

Preprocessing of fMRI data

Preprocessing and statistical analysis of the data was
performed using Analysis of Function Neurolmages software
(AFNI: Cox, 1996). To correct for head movement, each
functional time series was aligned to a base image in the
middle of the first 2min film clip. Each voxel was also
subjected to an outlier detection and interpolation algorithm
to correct potentially spurious time points. Individual
subject statistical maps were spatially smoothed using an
8 mm> FWHM Gaussian kernel, resampled into 3.75 mm?
isotropic voxels and spatially normalized into Talairach and
Tournoux atlas coordinate space.

Extraversion, emotion and BOLD response to films

To understand the relationship between extraversion and
BOLD response to the films, we calculated separately for
each subject the BOLD signal to amusing and sad films,
contrasted to the neutral baseline films.> All five neutral films
were used to ensure a stable estimate of baseline BOLD
response. These contrast maps were used as input into a
regression with extraversion. In order to examine the effects
of attention, regression analyses were calculated separately
for each group (ATTEND and WATCH), and compared to
each other using Fisher’s test for equality of two independent
sample correlation coefficients (Fisher, 1921), using a joint
probability threshold that consisted of a voxel-wise

2 We also conducted analyses directly contrasting amusing to sad clips. These results largely confirm the
findings compared to neutral, giving us confidence that our results are not solely driven by arousal or other
non-affective differences between emotional and neutral films. The results of these comparisons can be found
in Supplementary Table 1 online.
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Table 1 Extraversion and BOLD response to amusing and sad films

C.A. Hutcherson et al.

Region BA Volume X y z Iattend p Twatch p Tl p

Extraversion and Response to Amusing vs. Neutral Films (All Participants)

R Sup. frontal gyrus 10 949 19 64 12 —0.33 0.25 —0.87 <0.001 —0.73 <0.001

R Mid. frontal gyrus 10 3480 38 38 16 —0.11 0.71 —0.82 <0.001 —0.70 <0.001

R Postcentral gyrus 4 580 15 —41 68 —0.38 0.18 —0.81 <0.001 —0.69 <0.001

R Nucleus Accumbens 1582 n 19 1 —0.43 0.12 —0.78 0.001 —0.71 <0.001

L Putamen/ 580 —19 1 -3 —0.67 0.01 —0.64 0.01 —0.67 <0.001
Nucleus Accumbens

Extraversion and Response to Sad vs. Neutral Films (ATTEND vs. WATCH participants)

B Ventral striatum/ 3586 —19 8 -1 —0.59 0.03 0.74 0.003 0.34 0.23
Nucleus Accumbens

Note: BA = Brodmann’s Area. Coordinates specify peak voxel in cluster according to Talairach and Tournoux brain atlas.

significance of P<0.005 and a minimum cluster extent of Extraversion and BOLD response to amusing

27 voxels (1423 mm?®).> This threshold protects against  films. A comparison of the effects of attention (i.e.

detection of false positives at the cluster level with a
probability P<0.01, as determined using by a MonteCarlo
simulation program in the AFNI library (AlphaSim). Where
these analyses revealed no effects of the ATTEND wvs
WATCH manipulation, we collapsed across groups and
report overall correlations. We report regions in which
overall correlations were significant using a voxel-level
significance of P<0.001 and a minimum cluster extent of
10 voxels (527 mm”), yielding a cluster-level P<0.05. Within
the amygdala, a subcortical a priori region of interest, we
report results within a search region anatomical mask at a
voxel-level of P<0.05.

RESULTS

Because the effects of personality and attention were
significantly different depending on the emotion examined,
we report the results below by emotion. For each, we
describe the behavioral and neural correlates of extraversion,
first comparing groups and then where appropriate collap-
sing across groups.

Amusement

Extraversion and emotion experience. To assess whether
extraversion was related to amusement, we correlated extra-
version and post-session questionnaire ratings of amusement.
Extraversion was marginally associated with the intensity of
amusement experience during the two amusing films in
both the WATCH (rwatch =0.45, P<0.10) and ATTEND
(7'attena = 0.56, P<0.06) groups. The strength of association
did not differ between attentional groups (P<0.74).
Collapsing across groups yielded a significant correlation
between extraversion and amusement (7, =.42, P<0.05).

3 Although this extent threshold is relatively large when considering subcortical regions such as the
nucleus accumbens, results in the ventral striatum do not change if the threshold is reduced, or when using
the uncorrected P-value with no extent threshold.

ATTEND vs WATCH) on the correlation between extraver-
sion and BOLD response to amusing films revealed no
regions that showed a significantly different relationship to
extraversion in the two groups. We thus collapsed across
these groups and report results for amusement from the
overall analysis (N=28). A significant negative correlation
emerged between extraversion and BOLD response to
amusing compared to neutral films in the right ventral
striatum (including nucleus accumbens) as well as other
regions, including right lateral prefrontal cortex (LPFC), left
putamen and somatosensory cortex (Table 1; Figure 1A). A
small cluster of voxels within a search ROI centered on the
amygdala also revealed a positive correlation between
extraversion and response to amusing films (r=0.45,
P<0.01). However, inspection of this correlation suggested
that it was largely driven by a single outlier in the data (>3 s.d.
from the mean). Removing the outlier resulted in a non-
significant correlation within this region (r=0.16, P> 0.44).

Sadness

Extraversion and emotion experience. Extraversion was
not correlated with sadness on the post-session question-
naire ratings in the WATCH group (r=—0.28, P<0.34) but
was significantly positively correlated to sadness in the
ATTEND group (r=0.66, P<0.02). The correlations within
the WATCH and ATTEND groups differed significantly
(P<0.02).

Extraversion and neural response to sad films. An
initial comparison of the two groups to investigate the
impact of attention revealed a strong effect within a large
region encompassing both right and left ventral striatum
(including nucleus accumbens) (Table 1; Figure 1B). Within
the WATCH group, there was a strong positive correlation
between extraversion and response to sad films in the ventral
striatum (#yaeen = 0.74). Within the ATTEND group, there
was a strong negative correlation in this region

(rAttend = _056)
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Fig. 1 Extraversion and neural response to emotional films. (A) Correlation between extraversion and response in the ventral striatum to amusing films, collapsing across groups.
(B) Contrast of ATTEND group vs WATCH group in the correlation between extraversion and response in the ventral striatum to sad films.

Secondary analyses

Because our results revealed an unexpected negative correla-
tion between extraversion and activation in bilateral ventral
striatum/NAcc, we wished to test the robustness of these
findings by examining the response to the films in more detail.
Effect of film. In order to ascertain whether our results
were driven by unique and idiosyncratic effects of one of the
films, we performed analyses using only one of the amusing or
sad films, and compared it to results obtained when using
only the other. Within the ventral striatum, this analysis
yielded essentially identical results to those obtained using
both films, albeit at lower thresholds (P < 0.01, uncorrected).
Moreover, the results from each film looked nearly identical
to the other. Extraversion predicted a negative response in the
ventral striatum to either amusing film that was not sensitive
to attention; it also predicted a negative response to either sad
film, but only in the group that attended to their emotions.
1st half vs 2nd half. Another potential explanation for
the decreased BOLD signal we observed in the ventral
striatum concerns habituation. Perhaps extraverts actually

respond more in the NAcc, but then also habituate or adapt
more quickly, leading to an overall negative response. In this
case, block analysis of the whole film would obscure early
activations compared to late deactivations. We therefore
examined whether using only the first half or only the second
half of each emotional film would yield different results.
These results again mirrored results from the full analyses,
although at a reduced significance level (P<0.01, uncor-
rected). Analyzing just the first half of amusing or sad films
yielded a negative correlation with ventral striatum that did
not differ depending on attention; analyzing just the second
half yielded a nearly identical relationship.

DISCUSSION

This study examined relations among extraversion, emotion
experience and fMRI BOLD responses during potent film
clips that evoked amusement and sadness. Our goal was to
understand how extraversion relates to positive or negative
emotional reactivity and patterns of BOLD responding.
Based on a literature in neuroimaging concerning the
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modulation of emotional processing by attentional factors
(Hariri et al., 2001; Taylor et al., 2003), we tested whether a
rating manipulation that focuses attention on emotion
experience, as opposed to a more passive stance, would
moderate the relationship between personality and emo-
tional responding. In the context of amusing and sad films,
we found an interaction of extraversion, emotion type and
attentional condition, evident in both behavior and neural
reactivity.

Extraversion and amusement

Consistent with prior behavioral results, we found that
extraversion was related to subjective experience of amuse-
ment in both groups, although this effect only achieved
statistical significance in the larger, combined sample.
Neurally, we found that extraversion correlates with
response in the ventral striatum (including NAcc), though
in an opposite direction from that typically reported in the
literature. This relationship was evident in two groups,
regardless of attentional focus. It was also reliably observed
whether examining each film independently and also when
examining just the first or second half.

These results provide converging evidence to support the
theory that extraversion results from differences in the
functioning of a dopaminergic circuit involving the ventral
striatum (Depue and Collins, 1999). This system may
contribute to the consistent effects of extraversion on
response to positive stimuli. However, interpretation of
these results is complicated by the fact that, despite greater
self-reported amusement, extraverts demonstrated a greater
negative response within the striatum to positive stimuli,
a relationship that held regardless of attentional condition.
We return to this issue subsequently.

Extraversion and sadness

Whereas response to amusing stimuli in extraverts was not
strongly affected by attention, the manipulation had a
substantial impact on responses to sad films. Extraversion
predicted greater subjective sadness, but only in the group
rating their emotions. Similarly, although there was no
overall relationship between extraversion and sadness in the
NAcc, accounting for attentional condition unmasked a
strong relationship to both experiential and neural responses
when participants attended to their emotions, but not when
they simply watched sad films. There are several interpreta-
tions of this observation. On one hand, the correlation
between extraversion and NAcc response to sad films within
the ATTEND group looked surprisingly similar to that seen
in both groups to amusing films, and may indicate that
extraverts find sad films rewarding, but only when focusing
on the emotionally salient aspects of the films. On the other
hand, based on the larger extant literature suggesting that
positive NAcc response is associated with positive affect
(Breiter et al., 2001; Knutson et al, 2001a, b), this could
indicate that when extraverts attend to sad aspects of a social
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situation, they feel more negative. This conclusion is
supported by greater reports of sadness when rating, but
not when simply watching sad films.

Even setting aside the issue of directionality, this finding
may clarify the inconsistent relationship between extraver-
sion and negative affect, with studies reporting no relation-
ship (Lucas and Diener, 2001), an inverse correlation (Larsen
and Ketelaar, 1991), or even a positive correlation (Choti
et al, 1987). As alluded to in the introduction, there are
hints in the literature that the degree to which emotion is
made an explicit, central focus of a study may influence the
relationship between extraversion and negative emotion.
To our knowledge, however, this study is the first to directly
examine the impact of attention to emotion on personality.
A complete understanding awaits further studies and will
require more careful consideration of the contextual and
attentional factors under which negative events are
processed.

If attention proves to modulate the relation between
personality and emotional response, what are the processes
driving such an effect? Do extraverts respond to negative as
well as positive stimuli, but in a more context-dependent
manner? One possibility is that the additional task of rating
impacts extraverts differentially. A growing literature
suggests that extraverts, possibly due to differences in
striatal dopamine, have greater working memory capacity
(Lieberman, 2000), and therefore may have greater freedom
than introverts to attend to particular aspects of an
emotional stimulus under cognitive load (Lieberman and
Rosenthal, 2001).

Our findings may also be due to the type of negative
emotion examined. Studies reporting a positive relationship
between extraversion and negative emotion have focused on
sadness, and other research suggests that extraverts may be
more empathetic (Hekmat et al, 1974; Richendoller and
Weaver, 1994), a feature that could lead to greater empathy-
induced sadness. Our research, however, suggests that an
empathy—sadness—extraversion link may be limited to those
occasions in which the emotional or social aspects of a
situation are made more attentionally salient. However,
future work will be needed to determine exactly what aspects
of the rating manipulation affected responding. Perhaps,
consistent with the idea that extraversion is associated
particularly with social stimuli (Ashton et al, 2002),
highlighting the affiliative bonds (or lack thereof) between
people are sufficient to induce greater negative emotion,
particularly sadness, in extraverts.

Limitations and future directions

As noted earlier, our interpretation of these results is
complicated by the puzzling negative correlation between
NAcc activation and extraversion. Extraversion has typically
been associated with increased response in the amygdala,
NAcc and associated prefrontal areas to rewarding stimuli.
We observed a strong, consistent decrease in response within
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the NAcc correlated with extraversion. Only one other study,
using PET rather than fMRI, has reported an inverse
association between extraversion and resting baseline
glucose metabolism in the ventral striatum (Fischer et al.,
1997), although some have reported a decreased response in
the amygdala correlated with extraversion (Mobbs et al.,
2005). Several notable differences between our paradigm
and those of others may account for our observations.
One important difference concerns the nature of the stimuli.
We operationalized positive and negative emotion using
humor and sadness in complex social films, whereas many
other studies have used simpler or non-social stimuli.
Given the importance that some authors have placed on
the specifically social nature of extraversion, and the
observation that the NAcc is more responsive to films
inducing positive emotions in social than non-social
contexts (Britton et al, 2006), it will be important in
future studies to distinguish between levels of complexity
and social salience in experimental stimuli and to observe if
and how extraversion relates to parametric modulation of
these dimensions.

Another notable feature of our study concerns the
temporal profile of emotional stimuli. Recent work suggests
that the NAcc may be particularly concerned with rewards
during anticipation, rather than outcome (Knutson et al.,
2001a, b). Other studies also show that dopaminergic
neurons fire not at the onset of reward per se, but at the
earliest cue indicating the imminent delivery of reward
(Schultz, 2000). Although these studies are suggestive,
relatively little is currently known about the precise temporal
pattern of responding within the NAcc during anticipation
and receipt of reward, or whether and how it is modulated
by the type or intensity of reward.

One possibility is that the temporal characteristics of the
films we used may account for the differences we see. Some
researchers have noted that in some regions, BOLD responses
showing larger initial increases are followed by larger
decreases. In these cases, analyses at the trial level can yield
positive activations, while analyses at the block level can yield
quite different results (Meltzer et al., 2007). Notably, some
studies have observed precisely such a response in the NAcc,
reporting initial increases in activation in response to a
stimulus followed by larger decreases (Yacubian et al., 2006).
If such a response occurs to amusing stimuli, the deactivation
we observe at the block level may result from greater reward
response on a more immediate time scale. Unfortunately, a
tradeoff exists between increased complexity and temporal
precision. Although we performed an analysis that demon-
strated similar results using either the first or second half of
our 2-min long blocks, the nature of our stimuli prevent us
from teasing apart the contributions of different temporal
components of the reward response at a smaller scale (on the
order of seconds). Future studies will need to assess the
relative contribution of anticipatory and consummatory
phases of emotional processing to extraversion.
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A further limitation of this study—and of many neuroima-
ging studies—is its relatively small and limited sample.
Behavioral studies of personality typically analyze responses
within a sample that is larger than ours by a factor of five to
ten and includes both men and women from a wide variety
of backgrounds. One concern in studies like ours that have
fewer participants or examine only one gender is whether
findings will prove replicable. Several features lead us to
believe that our findings will prove to be robust. First, our
results converge on many of the same regions identified in
other studies, albeit in the opposite direction within the
NAcc. Second, when considering amusement processing, we
found that results looked similar in two independent groups,
regardless of an attentional manipulation. Third, these
neural findings were observed in the context of theoretically
consistent differences in subjective reports of amusement.
NAcc deactivation to amusing films in extraverts accom-
panied greater experience of positive emotion that was
predicted by extraversion. These factors combine to give us
greater confidence in the stability and replicability of our
findings. However, whether such results would generalize to
men or to participants of different age, socioeconomic status
or cultural background remains to be seen.

Future work will also need to consider several aspects of
emotion, including how extraversion relates to different
temporal components of emotional responding, a direct
comparison of social and non-social reward processing in
extraverts, how empathy, reward seeking and pleasure at
reward outcome are differentially related to extraversion,
and how different specific positive emotions (such as pride
and compassion) or negative emotions (such as shame
or anger) are experienced by extraverts. It will also be
important to understand how emotional responsivity within
different biological systems underlie other important per-
sonality traits, such as neuroticism, or impulsivity, and if and
how attention influences such relationships. We believe that
these questions have the potential to generate fruitful and
exciting research in the years to come.

SUPPLEMENTARY DATA
Supplementary data are available at SCAN online.
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