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a b s t r a c t

Recent research and theory has highlighted the dynamic nature of amygdala activation. Rather than sim-
ply being sensitive to a few limited stimulus categories, amygdala activation appears to be dependent
on the goals of the perceiver. In this study, we extend this line of work by demonstrating that the means
by which a person seeks to accomplish a goal also modulates the amygdala response. Specifically, we
examine the modulatory effects of the aspects of neuroticism (volatility/withdrawal), a personality vari-
able that has been linked to both generalized anxiety and differences in amygdala sensitivity. Whereas
Neuroticism-Volatility is proposed to be associated with the fight-flight-freeze system (FFFS) and a sensi-
tivity for any cues of negativity, Neuroticism-Withdrawal is proposed to be associated with the behavioral
inhibition system (BIS) and a generalized tendency toward passive avoidance. During fMRI scanning,
participants were presented with positive, negative, and neutral images and were required to approach
ersonality (move perceptually closer) or avoid (move perceptually farther away) stimuli in different blocks of trials.
Consistent with hypotheses proposing a dissociation between these two aspects of neuroticism, partici-
pants higher in Neuroticism-Volatility had increased amygdala activation to negative stimuli (regardless
of whether they were approached or avoided), whereas participants higher in Neuroticism-Withdrawal
had increased amygdala activation to all approached stimuli (regardless of stimulus valence). These data
provide further support for the motivational salience hypothesis of amygdala function, and demonstrate

eans
that both the ends and m

. Introduction

Traditionally, the amygdala has been understood as a threat
etector (LeDoux, 2003; Öhman & Mineka, 2001; Whalen, 1998).
ecently, however, this narrow understanding of the amygdala’s
ffective function has been expanded/revised and become more
uanced. For example, studies have found amygdala activation
o positive stimuli (Garavan, Pendergrass, Ross, Stein, & Risinger,
001; Hamann, Ely, Hoffman, & Kilts, 2002; Said, Baron, & Todorov,
009; Todorov, Baron, & Oosterhof, 2008; Winston, O’Doherty,
ilner, Perrett, & Dolan, 2007), novel stimuli (Schwartz et al., 2003;
ilson & Rolls, 1993), ambiguous stimuli (Whalen, 1998), intense
timuli (Anderson et al., 2003; Cunningham, Raye, & Johnson,
004), and goal relevant stimuli (Cunningham, Raye, & Johnson,
005; Van Bavel, Packer & Cunningham, 2008). To account for
hese findings, we have recently proposed the motivational salience

∗ Corresponding author.
E-mail address: cunningham.417@osu.edu (W.A. Cunningham).

028-3932/$ – see front matter © 2010 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2010.06.026
of goal pursuit are important for shaping a response.
© 2010 Elsevier Ltd. All rights reserved.

hypothesis, which states that the amygdala is sensitive to moti-
vational relevance (Cunningham, Van Bavel, & Johnsen, 2008;
Cunningham, Jahn, & Johnsen, in press), perhaps recruiting addi-
tional resources to facilitate appropriate interactions with stimuli
(Anderson & Phelps, 2001; Sander, Grafman, & Zalla, 2003). Accord-
ing to this view, a primary function of amygdala processing is
to signal what is important in any particular situation, and then
modulate the appropriate perceptual, attentional, autonomic, and
cognitive/conceptual processes to deal with the challenges or
opportunities that are present.

By expanding the class of stimuli that the amygdala responds to
from only threatening cues to motivationally relevant stimuli, we
can account for the various amygdala effects observed in the lit-
erature. For example, although learned affective cues are certainly
cues to the potential relevance of a stimulus, they alone are only a
subset of information than can be gleaned from the environment.

For example, motion cues alone are sufficient to result in amygdala
activation (Bonda, Petrides, Ostry, & Evans, 1996); an approach-
ing object or one that spontaneously appears in the periphery will
nearly always be deemed relevant until one determines whether
the change in the perceptual status quo is something that needs

dx.doi.org/10.1016/j.neuropsychologia.2010.06.026
http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:cunningham.417@osu.edu
dx.doi.org/10.1016/j.neuropsychologia.2010.06.026
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positive and negative stimuli that were selected and matched on normed ratings of
arousal (MPositive = 4.88, SDPositive = 0.96; MNegative = 5.16, SDNegative = 0.86) and valence
extremity (MPositive = 2.07, SDPositive = 0.32; MNegative = −1.85, SDNegative = 0.34). An
additional 77 neutral stimuli were included to allow for an investigation of stim-
ulus extremity as compared to stimulus valence (MArousal = 3.36, SDArousal = 0.82;
400 W.A. Cunningham et al. / Neur

o be dealt with. More abstractly, changes in goal priorities can
hange the affective meaning of a stimulus. For example, when
ne is hungry, food (an appetitive stimulus) will be more relevant,
hereas when one is walking home at night, potential criminals

an aversive stimulus) will be more relevant. Consistent with this
dea, Cunningham et al. (2008) presented participants with famous
ames and asked them to focus on either the positive or negative
spects of the person. Activity in bilateral amygdala was found to
ary as a function of evaluative fit. That is, when focusing on nega-
ivity, greater amygdala activity was associated with participants’
egativity ratings of the names, but not positivity ratings. The oppo-
ite pattern was found for the positive focus condition, such that
reater activity was observed in these same regions to ratings of
ositivity than negativity.

Through experience with the environment and/or genetic differ-
nces at birth, people develop different expectations about the state
f the world and the most adaptive ways to interact with it (Caspi
Moffitt, 2006). These chronic motivational or affective styles are

hought to operate like situational goals, but rather than adapting
ituation by situation, they operate by tuning the affective sys-
em to be more sensitive toward one class of stimuli than another.
or example, individual differences in promotion focus (a motiva-
ional system tuned towards rewards) predicted greater amygdala
ctivation to positive stimuli, whereas individual differences in pre-
ention focus (a motivational system tuned towards punishments)
redicted greater activation to negative stimuli (Cunningham et
l., 2005). Further, individual differences in neuroticism, a trait
haracterized by experiences of negative emotion, anxiety, and
motional lability, have been shown to predict greater amygdala
ctivation to negative stimuli (Harenski, Kim, & Hamann, 2009),
reater amygdala and hippocampus activity during fear learn-
ng (Hooker, Verosky, Miyakawa, Knight, & D’Esposito, 2008), and
reater amygdala-dorsolateral prefrontal cortex connectivity while
iewing angry and fearful facial expressions (Cremers et al., 2010).

Although the work exploring the neural correlates of personal-
ty has yielded a number of important insights, for the most part it
as explored only one level of personality dynamics. That is, per-
onality exists at multiple psychological levels, and the Big-5 only
epresents a midlevel of analysis. Specifically, research using factor
nalysis has shown that two meta-traits (Stability and Plasticity)
xist at a level of analysis more abstract than the Big-5 (DeYoung,
006; Digman, 1997; Olson, 2005). Moreover, each of the Big-5 per-
onality traits can be further decomposed into particular aspects.
s we consider personality at a more concrete, specific level, we
ove from more core general aspects of personality to more spe-

ific manifestations. In other words, a core motive can be achieved
n multiple ways, and more specific facets or aspects may reflect
hese various motivational styles.

In the case of neuroticism, DeYoung, Quilty, and Peterson (2007)
uggest that there are two critical aspects of Neuroticism-Volatility
nd withdrawal. Neuroticism-Volatility is proposed to be associ-
ted with a predisposition toward agitation and anger, a tendency
oward attending to negative information in the environment,
nd generating negative attributions. Neuroticism-Withdrawal, on
he other hand, is less sensitive to specific information per se,
ut rather reflects a behavioral tendency toward passive avoid-
nce. Thus, in contrast to people high in Neuroticism-Volatility,
n which approach or avoidance behavior may be deemed appro-
riate following the perception of a negative cue, people high in
euroticism-Withdrawal deal with potential threats by develop-

ng a default strategy of non-engagement and a discomfort with

pproach behaviors. Thus, the aspects of Neuroticism-Volatility
nd Neuroticism-Withdrawal both influence how individuals deal
ith anxiety, but through different means. Neuroticism-Volatility

auses a hyper-vigilance to negative stimuli followed by a behav-
oral decision to act, whereas Neuroticism-Withdrawal creates a
hologia 48 (2010) 3399–3404

disposition toward passive avoidance so that one never enters a
situation where something negative can occur.1

Making more explicit links between individual differences, pro-
cesses, and neural activation, DeYoung (in press) has suggested that
these two aspects of neuroticism may be linked to the motivational
systems proposed by Gray (1981, 1982); see also McNaughton
and Gray (2000) that underlie responses to threat. Specifically,
DeYoung et al. (2007) and DeYoung (in press) proposed that the
fight-flight-freeze system (FFFS) is sensitive to negatively valenced
or potentially threatening information. When something negative
in the environment has been detected, one can defensively fight
(approach; e.g., Harmon-Jones, 2003) or flee from (actively avoid)
it. Whereas the FFFS is sensitive to specific aspects of information,
the behavioral inhibition system (BIS) is characterized primarily
by inhibition of approach behaviors, disengagement, and passive
avoidance. Both FFFS and BIS serve a protective function against
potential threats but do so in different ways. Thus, individual dif-
ferences in Neuroticism-Volatility may reflect differences in FFFS,
and individual differences in Neuroticism-Withdrawal may reflect
differences in BIS.

Combining our motivational salience perspective (Cunningham
et al., 2008) and the functional differences in the aspects of neu-
roticism, we propose that although both Neuroticism-Withdrawal
and Neuroticism-Volatility should be associated with activation in
the amygdala, these aspects should be associated with different
stimulus features and thus different patterns of activation within
this region. Specifically, whereas Neuroticism-Volatility should be
associated with increased activation to negative as compared to
positive stimuli, Neuroticism-Withdrawal should be associated
with approach and avoidance situations with greater amygdala
activation during approach than avoidance. However, because
Neuroticism-Withdrawal is associated with a generalized behav-
ioral tendency, we predict that it will not be associated with any
particular stimulus category. To examine this role of the amyg-
dala, we presented participants with pictures differing in valence
and arousal ratings from the International Affective Picture Sys-
tem (IAPS; Lang, Bradley, & Cuthbert, 2005). To further manipulate
approach and avoidance behavior, participants approached (mak-
ing the stimulus move closer) or avoided (making the stimulus
move away from them) the images in separate blocks of trials.

2. Methods

2.1. Participants

Participants were 21 right-handed individuals with no history of neurological
problems and normal or corrected-to-normal vision. Two participants were dropped
from analyses for excessive motion during scanning (consecutive image move-
ment > 1.72 mm or drift > 3.44 mm within a run), and one was dropped for corrupted
data, leaving 18 participants (10 female; mean age = 20.5 years). All participants
provided informed consent.

2.2. Procedure

During 6 runs of fMRI scanning, participants were presented with pictures ran-
domly selected from a subset of IAPS (Lang et al., 2005) photographs selected to
vary on valence, extremity, and arousal. This subset of IAPS photos contained 87
1 Individual differences in BIS/BAS scores have been shown to be associated with
differences in brain activity when processing valenced stimuli. For example, Reuter
et al. (2004) found that BIS scores were correlated with activity in anterior cingulate,
amygdala, and thalamus when looking at emotion-evoking pictures. Interestingly,
no consistent pattern emerged as being associated with individual differences in
BAS scores.
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Fig. 1. Main effects and interactions with condition. (a) Significant voxels from the
omnibus F-test comparing the 6 conditions are overlaid on the MNI template image
W.A. Cunningham et al. / Neur

Valence = −0.21, SDValence = 0.37). Pictures were presented one at a time, and partici-
ants were instructed to press one button to “approach” the stimulus and another to
avoid” the stimulus.2 All pictures were initially presented to fill 75% of the monitor
isplay. If participants pressed the button to “approach” the stimulus, the picture
ould expand until it filled 100% of the monitor screen to give the appearance of

t moving towards the participant. If participants pressed the button to “avoid” the
timulus, the picture contracted until it only filled 50% of the monitor screen to
ive the appearance of it moving away from the participant. Participants were also
nstructed to imagine that they were approaching or avoiding the stimulus or scene
n the picture as it grew or shrank. The image moved at 5% increments to create fluid

otion and took 3 s to reach 100% or 50%, respectively. The image did not move until
articipants made a response.

To create a motivational frame and to ensure that participants equally
pproached and avoided positive and negative stimuli, participants were instructed
o make only one button press in each block of trials. Participants would approach
r avoid 7 stimuli, and then the motivational frame would reset randomly to one of
he two conditions. Participants completed 6 blocks of trials per run, for a total of 36
locks, thus responding to stimuli a total of 216 times. Instruction screens appeared
or 4 s between each block to indicate whether participants were to approach or
void forthcoming stimuli. A fixation cross appeared for 4 s after the instruction
creens, and a variable fixation of 2 s, 4 s, or 6 s appeared between each IAPS photo
o allow for the estimation of the hemodynamic response. After scanning, partic-
pants completed the big five aspects scale (BFAS; DeYoung et al., 2007) and the
IS/BAS scales (Carver & White, 1994), as well as demographic measures.

.3. fMRI scanning parameters and analysis

Scanning was conducted using a Philips 3T Achieva Scanner at the Wright
enter for Innovation at The Ohio State University. Functional scanning was pre-
cribed at an angle of 20◦ relative to the AC/PC line, and nearly isotropic functional
mages were acquired from inferior to superior using a single-shot gradient echo
lanar pulse sequence (40 slices; 3.93 mm thick; TE = 22 ms; TR = 2000 ms; in-
lane resolution = 3.44 × 3.44 mm; matrix size = 64 × 64; FOV = 220 mm). The first
ve volumes were discarded to allow for T1 equilibration effects. Following

unctional imaging, a high resolution T1 anatomical image (160 sagittal slices;
E = 3.75 ms, TR = 25 ms; resolution = 1.00 × 0.43 × 0.43 mm) was collected for nor-
alization.

Data were prepared for analysis using SPM8 (Wellcome Department of
ognitive Neurology, London, UK; www.fil.ion.ucl.ac.uk/spm). Data were motion-
orrected using SPM’s Realign and Unwarp procedure, which helps to correct
or movement artifacts at the preprocessing stage. For each participant, func-
ional EPI scans were then co-registered to their corresponding high-resolution
1 anatomical image. The unsegmented T1 anatomical images were then spatially
ormalized to the SPM8 MNI template using the default settings. The transfor-
ations from the co-registration and normalization steps were applied to the

PI functional scans and new images were created that were interpolated to
ave voxel dimensions of 3 mm × 3 mm × 3 mm. To enhance signal-to-noise ratios,
hese images were smoothed using an 8 mm FWHM (full-width-half-maximum)
ernel. The BOLD signal was modeled as a function of a canonical hemody-
amic response function and its temporal derivative with a 128 s high-pass
lter.

. Results

Data were analyzed using the general linear model as imple-
ented by SPM8. Participant level (1st level) effects were
odeled by convolving an event related hemodynamic response

unction and its temporal derivative against the preprocessed
ata for each of the six experimental conditions (approach-
ositive; approach-neutral; approach-negative; avoid-positive;
void-neutral; avoid-negative). An additional regressor was con-
tructed to remove variance associated with the presentation of
he directions for each block. Because of the focused nature of this
nvestigation, we generated an explicit mask of amygdala voxels
sing MRIcron with the AAL atlas (Rorden, Karnath, & Bonilha,
007) and used this mask to limit the number of statistical com-
arisons to the bilateral amygdala. This mask contained 102 voxels

51 in each amygdala; total volume: 1377 mm3). When only exam-
ning this restricted set of voxels, Monte Carlo simulations using
lphaSim (Ward, 2000) indicated that a cluster size of at least 10
ontiguous voxels was required for multiple comparison correc-

2 Button box keys were counterbalanced across participants for approach and
voidance.
(p < .05, small volume corrected). (b and c) Mean signal from these significant voxels
are plotted separately for the left and right amygdala for each condition. The y-axis
reflects the signal intensity regression parameter from SPM8.

tion at an alpha threshold of p < .05 (uncorrected). In this paper, we
report effects that survive this criterion as well as an SPM8 small
volume FWE correction.

Previous work on the amygdala has suggested that activation
is closely linked to motivationally relevant or important stimuli
or stimulus features. In the context of this study, two dimensions
fit this category– valenced stimuli (either positive or negative) and
approached stimuli. Thus, prior to examining individual differences
in neuroticism, we examined the main effects of valence, motiva-
tional direction (approach/avoid), and the interaction of valence
and direction with the goal of replicating (valence) and extend-
ing (motivational direction) the link between amygdala activation
and motivational relevance. Specifically, first level contrast maps
were subjected to a 2 (Approach–Avoid) × 3 (valence) repeated
measures analysis of variance (ANOVA). Replicating previous work,
we found a main effect of valence in right amygdala (F2,85 = 9.15,
p < .001, pFWE = .01; MNI: 24, −1, −20; cluster size = 32). As shown
in Fig. 1, the pattern of results suggests a standard U-shaped
function, where both negative and positive images elicit more
amygdala activation than neutral images. Further, also shown in
Fig. 1, there is a significant main effect for motivational direction,
in that there is a larger amygdala response to approached than
avoided images (F2,85 = 10.81, p < .001, pFWE = .044; MNI 24, −1, −20;
cluster size = 43). There were no significant interactions of valence
and motivational direction.

Our central hypothesis was that the relationship between amyg-
dala activation and the two aspects of neuroticism would be
differentially related to two independent aspects of our stimulus
presentation. Specifically, we predicted that Neuroticism-Volatility
would be associated with valence processing (specifically, greater
activation to negative than positive images), and that Neuroticism-
Withdrawal would be associated with motivational direction
(specifically, to approached stimuli). To test these hypotheses, we

constructed individual-level contrasts for comparing negative and
positive images collapsing across motivational direction, and com-
paring approached and avoided images collapsing across valence.
Group-level regression analyses were run predicting individual

http://www.fil.ion.ucl.ac.uk/spm
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Fig. 2. Relationships between aspects of neuroticism and experimental condition.
(a) Voxels showing a significant correlation between Neuroticism-Volatility and
negative–positive are displayed in red. Voxels showing a significant correlation
between Neuroticism-Withdrawal and approach–avoidance are displayed in green.
Voxels that are significant for both analyses are presented in yellow. (b) Predicted
scores are plotted for participants one standard deviation above and below the
mean on Neuroticism-Volatility for each of the six conditions. (c) Predicted scores
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Fig. 3. Correlations between aspects of neuroticism and negative–positive and
re plotted for participants one standard deviation above and below the mean on
euroticism-Withdrawal for each of the six conditions. The y-axis reflects the signal

ntensity regression parameter from SPM8. (For interpretation of the references in
olor in this figure legend, the reader is referred to the web version of this article.)

ifferences in these contrast estimates from the neuroticism per-
onality aspects of Volatility and Withdrawal.

As predicted, Neuroticism-Volatility was significantly associ-
ted with increased amygdala activation to negative compared
ith positive images in both the left (t16 = 3.58, p < .001, pFWE = .037;
NI −18, −1, −11; cluster size = 42) and the right amygdala

t16 = 3.51, p < .001, pFWE = .042; MNI 18, −1, −14; cluster size = 48).
o plot these effects for each of the valence conditions (posi-
ive, neutral, and negative), predicted scores for participants one
tandard deviation above and below the mean on Neuroticism-
olatility were estimated for each of the three levels of valence

see Fig. 2). Because effects were similar for right and left amygdala,
ata are collapsed for laterality. Participants higher in Neuroticism-
olatility had the greatest activation to negative images, whereas
articipants low in Neuroticism-Volatility had the greatest activa-
ion to positive images.

In contrast to Neuroticism-Volatility, which we predicted to
e sensitive to stimulus valence, we predicted that Neuroticism-
ithdrawal would be associated with behavioral tendencies rather

han with any particular valence. Specifically, we hypothesized
hat participants higher in Neuroticism-Withdrawal would have
greater amygdala response to approached than avoided stimuli.
onsistent with this hypothesis, we found that individual differ-
nces in Neuroticism-Withdrawal were significantly associated
ith increased amygdala activation to approached stimuli than to

voided stimuli (t16 = 3.55, p < .001, pFWE = .045; MNI −24, 2, −14;
luster size = 30). Again, to plot these effects, predicted scores for
articipants one standard deviation above and below the mean on
euroticism-Withdrawal were estimated for the approached and

voided stimuli (see Fig. 2).

To provide additional support for our hypotheses, we con-
tructed a series of analyses in which differences in amygdala
ctivation were extracted for the negative–positive and the
pproach–avoid contrasts using an independent functional mask.
approach–avoidance contrasts. (a) Voxels from Cunningham et al. (2008) used
for data extraction. (b–e) Scatterplots display the relationship between indi-
vidual differences in aspects of neuroticism and the negative–positive and
approach–avoidance contrasts

Specifically, differences in amygdala activation were extracted
from the regions identified in Cunningham et al. (2008) to be sen-
sitive to motivational influences. Estimates of amygdala activation
differences were computed by taking the average of all voxels in the
mask for right and left amygdala separately. Because this is an a pri-
ori region of interest, a threshold of p < .05 was used for all analyses.
Consistent with the results reported above, Neuroticism-Volatility
was correlated with negative–positive amygdala activation in both
the left (r16 = .554, p = .02) and right amygdala (r16 = .554, p = .02),
and there was no interaction between volatility and laterality
(F1,16 = 0.23, p = .64; See Fig. 3). When examining the bivariate corre-
lations, Neuroticism-Withdrawal was correlated only with activity
in left amygdala (r16 = .633, p = .01), though it should be noted that
the relationship was in the predicted direction for right amygdala
as well (r16 = .227, p = 26). This difference in the magnitude of the
Withdrawal/Avoidance relationship was trending towards signifi-
cance (F1,16 = 3.61, p = .08).

To examine the distinct effects of Volatility and Withdrawal on
the valence and approach–avoidance effects, we conducted a series
of multiple regression analyses to decompose the effects. Because
there were no laterality effects found for the volatility/valence

relationship, right and left amygdala were collapsed into a sin-
gle variable. For the Withdrawal/Avoidance relationship, only left
amygdala was further analyzed. When predicting a greater amyg-
dala response to negative than positive images, Volatility (ˇ = .51,
t16 = 2.36, p = .03) but not Withdrawal (ˇ = −.006, t16 = − 0.023,
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= .82) predicted unique variance. Providing additional support for
he dissociation between Volatility and Withdrawal, Withdrawal
ˇ = .50, t16 = 2.33, p = .03) but not Volatility (ˇ = .005, t16 = 0.022,
= .83) predicted unique variance for the approach–avoid amyg-
ala contrast. Thus, although the two aspects of neuroticism are
obustly correlated (r16 = .63, p = .005), they predict sensitivity to
ifferent aspects of the environment that may reflect different
trategies toward dealing with a potentially threatening world.

As noted previously, Neuroticism-Withdrawal is proposed to be
ssociated with the behavioral inhibition system, and Neuroticism-
olatility is proposed to be associated with the fight-flight-freeze
ystem (DeYoung et al., 2007). Consistent with this idea, we found
hat individual differences in the Neuroticism-Withdrawal aspect
ere robustly correlated with BIS scores (r16 = .79, p < .001). Using

he BIS and BAS scales (Carver & White, 1994) as predictors, we
eplicated the effects predicting approach–avoidance responses in
he amygdala. Specifically, we found that BIS (ˇ = .53, t16 = 2.47,
= .03), but not BAS (ˇ = .015, t16 = −0.062, p = .55), predicted the
pproach–avoidance amygdala difference. Although neither BIS
or Neuroticism-Withdrawal were significant predictors of the
pproach–avoidance amygdala difference when predicting simul-
aneously because of a high degree of multicollinearity between the
redictors, it should be noted that Withdrawal (ˇ = .35, t16 = 1.49,
= .15) was a better predictor than BIS (ˇ = .14, t16 = 0.56, p = .58).

ndeed, a stepwise regression gave full credit in assignment of
ariance to the Withdrawal scores (F1,16 = 10.75, p = .005). Provid-
ng further divergent validity for the neuroticism concept beyond
IS/BAS, neither BIS (ˇ = .21, t16 = 0.86, p = .40) nor BAS (ˇ = .05,

16 = −0.21, p = .83) predicted negative–positive amygdala differ-
nces.

. Discussion

The myriad ways that people differ can be understood in
art by understanding what people find important and mean-

ngful and the means by which they attempt to accomplish the
oals that they set for themselves. In this study, we found that
mygdala activation was predicted by both the valence of stimuli
both positive and negative stimuli elicit more amygdala activa-
ion than neutral stimuli) and also the behavioral responses with
espect to these stimuli (approached stimuli are more important
nd also elicit more amygdala activation). More importantly, we
ound that amygdala activity varies as a function of the ways
hat people chronically seek to deal with threatening informa-
ion. Specifically, for people high in Neuroticism-Volatility, more
ctivation was found for negative than positive stimuli regardless
f whether the stimulus was approached or avoided. For people
igh in Neuroticism-Withdrawal, more activation was found for
pproached than avoided stimuli regardless of valence. Thus, the
mygdala response to specific aspects of the environment such as
he valence of a perceived object or the action taken with respect
o the object is moderated by the chronic motivational styles that
eople use to deal with affective information.

Although previous work has linked amygdala activation to
euroticism, this study extends these previous findings by demon-
trating two means by which people can satisfy their neurotic
endencies. That is, neuroticism is clearly associated with anxi-
ty and emotional instability, but the strategies that one chooses
o express this predisposition can dramatically vary. One can
e hyper-vigilant for negative environmental cues and then act

ith hostility (approaching in anger) or retreat (avoiding in fear)
epending on the construal of the situation. For such a person,
euroticism is not associated with any particular behavioral ten-
ency, as approach or avoidance will be largely determined by the
articulars of the situation. What is critical, however, is identify-
hologia 48 (2010) 3399–3404 3403

ing potential threats so that an “appropriate” course of action can
be determined. According to DeYoung et al. (2007) and DeYoung
(in press), these people manifest the aspect of Volatility, the per-
sonality dimension most associated with Gray’s (1981) concept of
the fight-flight-freeze system (FFFS). Consistent with this idea, we
found that individual differences in Neuroticism-Volatility were
associated with increased amygdala activation to negative stim-
uli. Further, because approach and avoidance are equally plausible
behavioral strategies for someone high in Volatility, we found no
relationship between the Volatility aspect and amygdala activa-
tion to approached versus avoided stimuli when controlling for
Withdrawal.

In addition to being responsive to particular stimuli, another
strategy for dealing with a world that is perceived to be threatening
is to develop behavioral strategies to simply stay out of situa-
tions where danger might be present. That is, by generally avoiding
uncertain or ambiguous situations, one is not caught by surprise by
an unexpected negative event. This aspect of neuroticism, labeled
Withdrawal, is thought to be most associated with the behavioral
inhibition system (DeYoung et al., 2007). As predicted, individ-
ual differences in Withdrawal were associated not with valence,
but with the behavioral action of the participant. Specifically, for
participants higher in Withdrawal, there was a greater amygdala
response to approached than avoided stimuli. Further, there was
a significant main effect such that participants with higher with-
drawal scores had greater amygdala responses to all presented
stimuli. This finding is consistent with the functional description of
Withdrawal in that participants had no control over which stimuli
were being presented on any given trial.

In parallel with the work on personality and amygdala func-
tion, research has also linked amygdala structure and function to
genetic factors that are thought to be associated with the develop-
ment of neurotic traits. Specifically, differences in the expression
of the serotonin transporter (5-HTT) that modulates the reuptake
of serotonin from the synapse has been linked both to amyg-
dala activity and individual differences in neuroticism (Hamann
& Canli, 2004). Individuals with copies of the short allele of the
serotonin transporter have been found to exhibit greater amyg-
dala activity to fearful stimuli. The direction of causality between
these genetic variations and amygdala activity has been researched
extensively, with some evidence suggesting that the expression of
the transporter modulates amygdala reactivity to threat (Hariri et
al., 2002). Subjects possessing the short allele of the transporter
may be more susceptible to the expression of neurotic personality
traits, which in turn leads to increased sensitivity for threaten-
ing stimuli, as well as affective disorders such as major depression
(Munafó, Clark, Roberts, & Johnstone, 2006; Pezawas et al., 2005).
This work has led to important advances in our understanding of
gene-environment interactions, and how our biological makeup
can alter of affective states. Yet, this research has focused on only
one level of personality analysis. It will be important for future
research to determine whether these effects lead to general neu-
roticism and emotional instability, or whether the aspect level is
influenced.

Together, these findings suggest that personality neuroscience
can be informed by taking a motivational perspective. In many
ways, the study of personality dynamics and motivation are inher-
ently coupled. What is important to us guides our perceptual,
affective, and cognitive functioning at a moment-to-moment level.
These become implicit theories that we use to guide our behav-
ior, or heuristics that we use to inform decisions. In this study,

we show how a fundamental personality trait, neuroticism, can
be further understood by elucidating the strategies that different
people can use to deal with the affective instability that character-
izes it. By focusing attention to either stimulus features or a default
behavioral strategy, one can deal with threat. These responses likely
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