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Personality psychology promotes a systematic approach to 
understanding individual differences in behavior, emotion, 
motivation, and cognition, through the development of com-
prehensive taxonomies of personality traits. However, these 
descriptive taxonomies have not typically been linked to 
empirical data from neuroscience research. Individual differ-
ences are relevant to education and health, as well as basic 
science, and are therefore increasingly the focus of cognitive, 
affective, and social neuroscience research (Kosslyn et al., 
2002). However, such efforts have not typically been system-
atic or comprehensive. Personality neuroscience is emerging 
as a subdiscipline focused on testing and refining neurobio-
logical theories of personality (Canli, 2008; DeYoung & Gray, 
2009). In the study reported by this article, we used magnetic 
resonance imaging (MRI) to test a biological theory of the  
Big Five personality traits (DeYoung & Gray, 2009): Extraver-
sion, Neuroticism, Agreeableness, Conscientiousness, and 
Openness/Intellect.

The fact that many traits vary together (e.g., people who are 
talkative tend to experience more positive emotion than peo-
ple who are quiet) implies that a limited number of underlying 

factors may account for much of the variation in personality 
traits. A large body of evidence has converged on a five-factor 
solution to the correlations among personality traits, leading to 
a taxonomy known as the Five-Factor Model, or Big Five 
(Costa & McCrae, 1992; John, Naumann, & Soto, 2008). 
However, the Big Five factors are descriptive rather than 
explanatory constructs and do not inherently provide a theory 
of the underlying forces that produce these five dimensions of 
individual differences in personality. A causal theory of the 
Big Five would be a significant advance in this field (cf. 
McCrae & Costa, 2008) and should include a biological com-
ponent (i.e., it should specify not only the psychological 
mechanisms underlying each trait, but also the biological sys-
tems linked to these psychological mechanisms). Personality 

Corresponding Authors:
Colin G. DeYoung, Psychology Department, University of Minnesota, 75 East 
River Rd., Minneapolis, MN 55455 
E-mail: cdeyoung@umn.edu
Jeremy R. Gray, Department of Psychology, Yale University, Box 208205, New 
Haven, CT 06520 
E-mail: jeremy.gray@yale.edu

Testing Predictions From Personality 
Neuroscience: Brain Structure and  
the Big Five

Colin G. DeYoung1, Jacob B. Hirsh2, Matthew S. Shane3, Xenophon Papademetris4, 
Nallakkandi Rajeevan4, and Jeremy R. Gray4

1University of Minnesota; 2University of Toronto; 3The Mind Research Network, Albuquerque, New Mexico; and 4Yale University

Abstract

We used a new theory of the biological basis of the Big Five personality traits to generate hypotheses about the association 
of each trait with the volume of different brain regions. Controlling for age, sex, and whole-brain volume, results from 
structural magnetic resonance imaging of 116 healthy adults supported our hypotheses for four of the five traits: Extraversion, 
Neuroticism,  Agreeableness, and Conscientiousness. Extraversion covaried with volume of medial orbitofrontal cortex, a brain 
region involved in processing reward information. Neuroticism covaried with volume of brain regions associated with threat, 
punishment, and negative affect. Agreeableness covaried with volume in regions that process information about the intentions 
and mental states of other individuals. Conscientiousness covaried with volume in lateral prefrontal cortex, a region involved 
in planning and the voluntary control of behavior. These findings support our biologically based, explanatory model of the Big 
Five and demonstrate the potential of personality neuroscience (i.e., the systematic study of individual differences in personality 
using neuroscience methods) as a discipline.
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traits represent tendencies to manifest particular patterns of 
cognition, emotion, motivation, and behavior, in response to a 
variety of eliciting stimuli (Fleeson, 2001). These tendencies 
are posited to arise from regularities in the functioning of rel-
evant brain systems (DeYoung & Gray, 2009).

Our aim in this study was to test whether individual varia-
tion in the volume of different brain regions relates to person-
ality in a manner consistent with our theory of the psychological 
mechanisms and biological systems underlying each of the Big 
Five factors (DeYoung & Gray, 2009). We outline here the 
psychological processes associated with each factor and the 
neural systems linked to these processes. Our intent was not  
to provide an exhaustive review of the psychological mecha-
nisms or neural systems involved in each of the Big Five, but 
rather to identify those likely to be most central to these traits. 
We therefore developed hypotheses regarding the structural 
covariation of specific brain regions with each of the Big Five. 
It is important to note that variation in function is not inevita-
bly associated with variation in brain structure, so we did not 
expect to confirm every plausible association between traits 
and the volume of specific regions.

A Biological Model of the Big Five
Of the Big Five, Extraversion and Neuroticism are the best 
understood in terms of their underlying processes. There is 
considerable theoretical and experimental evidence that these 
two traits represent the primary manifestations in personality 
of sensitivity to reward and sensitivity to threat and punish-
ment, respectively (Clark & Watson, 2008; Depue & Collins, 
1999). Much is known about the biological systems governing 
reward and punishment, and findings from neuroimaging and 
psychopharmacological research on Extraversion and Neurot-
icism are consistent with the involvement of these biological 
systems in these traits (DeYoung & Gray, 2009).

Extraversion is linked to the tendency to experience posi-
tive emotions (Clark & Watson, 2008; Costa & McCrae, 
1992), which typically stem from experiences of reward or the 
promise of reward. Extraversion encompasses an array of 
traits, such as assertiveness, sociability, and talkativeness, that 
appear to be linked to the approach tendencies that accompany 
sensitivity to reward. Although Extraversion is often mani-
fested in social behavior, this is probably because many human 
rewards involve social affiliation or status; reward sensitivity 
thus remains at the core of Extraversion. We therefore hypoth-
esized that Extraversion would be associated with structural 
variation in some or all of the brain systems responsible for 
sensitivity to reward, including the nucleus accumbens, amyg-
dala, and orbitofrontal cortex (Depue & Collins, 1999).

Neuroticism is linked to the tendency to experience negative 
emotions (Clark & Watson, 2008; Costa & McCrae, 1992), and 
includes such traits as anxiety, self-consciousness, and irritabil-
ity. We therefore hypothesized that Neuroticism would be asso-
ciated with structural variation in some or all of the brain 
systems associated with sensitivity to threat and punishment, 

including the amygdala, anterior and mid-cingulate cortex, 
medial prefrontal cortex (PFC), and hippocampus (Eisenberger 
& Lieberman, 2004; J.A. Gray & McNaughton, 2000; Heather-
ton, Macrae, & Kelley, 2004). Although our previous presenta-
tion of our biological theory of the Big Five (DeYoung & Gray, 
2009) did not review evidence for the involvement of medial 
PFC in Neuroticism, recent studies have shown an association 
between this trait and neural activity in this region (Haas, Con-
stable, & Canli, 2008; Williams et al., 2006). In addition, 
involvement of this region in self-evaluation and emotion regu-
lation is well established (Heatherton et al., 2004; Ochsner & 
Gross, 2005), and low self-esteem, rumination, and emotional 
dysregulation are all hallmarks of Neuroticism (Costa & 
McCrae, 1992; John et al., 2008).

Agreeableness appears to identify the collection of traits 
related to altruism: one’s concern for the needs, desires, and 
rights of others (as opposed to one’s enjoyment of others, 
which appears to be related primarily to Extraversion). The 
positive pole of Agreeableness describes prosocial traits, such 
as cooperation, compassion, and politeness, whereas its nega-
tive pole describes antisocial traits, such as callousness and 
aggression. Agreeableness has been linked to psychological 
mechanisms that allow the understanding of others’ emotions, 
intentions, and mental states, including empathy, theory of 
mind, and other forms of social information processing (e.g., 
Graziano, Habashi, Sheese, & Tobin, 2007; Nettle & Liddle, 
2008). We therefore hypothesized that Agreeableness would 
be associated with brain structures involved in these mecha-
nisms, including the superior temporal sulcus, temporo- 
parietal junction, and posterior cingulate cortex (Pelphrey & 
Morris, 2006; Saxe & Powell, 2006).

Conscientiousness appears to reflect the ability and ten-
dency of individuals to inhibit or constrain impulses in order 
to follow rules or pursue nonimmediate goals. This trait is 
linked to both academic and occupational success, as well as 
to behavior that promotes health and longevity (Ozer & Benet-
Martinez, 2006). Conscientiousness is characterized by traits 
such as industriousness, orderliness, and self-discipline, as 
opposed to impulsivity, distractibility, and disorganization. 
Conscientiousness is likely to be associated with functions of 
PFC, which is thought to be responsible for much of the human 
ability to plan and follow complex rules (Bunge & Zelazo, 
2006; Miller & Cohen, 2001). Functional neuroimaging stud-
ies have linked trait impulsivity to both dorsal and ventral 
regions of lateral PFC (Asahi, Okamato, Akado, Yamawaki, & 
Yokota, 2004; Brown, Manuck, Flory, & Hariri, 2006). We 
therefore hypothesized that Conscientiousness would be asso-
ciated with structural variation in lateral PFC.

Openness/Intellect appears to reflect the tendency to  
process abstract and perceptual information flexibly and effec-
tively, and includes traits such as imagination, intellectual 
engagement, and aesthetic interest (DeYoung, Peterson, &  
Higgins, 2005). A higher degree of Openness/Intellect sug- 
gests a larger bandwidth of information processing: an increase 
in the “breadth, depth, and permeability of consciousness” 
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(McCrae & Costa, 1997, p. 826). This trait is likely to involve 
the PFC and functionally related regions, particularly those 
involved in working memory, abstract reasoning, and the con-
trol of attention (DeYoung et al., 2005). Openness/Intellect is 
the only Big Five trait to be consistently and positively associ-
ated with intelligence (DeYoung et al., 2005), a faculty that 
appears to be governed by brain systems that overlap substan-
tially with the working memory network (J.R. Gray, Chabris, & 
Braver, 2003). We hypothesized that Openness/Intellect would 
be associated with structural variation in some or all of the 
brain systems involved in the regulation of working memory, 
attention, and reasoning, including dorsolateral PFC, anterior 
PFC (frontal pole), and anterior parietal cortex (DeYoung et al., 
2005; DeYoung, Shamosh, Green, Braver, & Gray, 2009).

Note that we hypothesized both Conscientiousness and 
Openness/Intellect to be associated with lateral PFC. Individ-
ual brain regions can serve multiple functions, and Conscien-
tiousness and Openness/Intellect may reflect complementary 
but potentially conflicting functions of lateral PFC: ensuring 
stable execution of plans and rules (associated with Conscien-
tiousness) and manipulating abstract information in order to 
explore alternative possibilities (associated with Openness/
Intellect; DeYoung & Gray, 2009). Nonetheless, the prediction 
of findings for two traits in the same general brain region 
raises the issue of discriminant validity, and some inferences 
can be made about which regions are not associated with par-
ticular traits. For example, Conscientiousness and Openness/
Intellect are not likely to be associated with primarily affective 
regions, such as the amygdala and nucleus accumbens. Simi-
larly, Extraversion and Neuroticism, which appear to reflect 
basic affective systems, are not likely to be associated with the 
areas of lateral cortex that are involved in top-down control 
and are hypothesized to be associated with Conscientiousness 
and Openness/Intellect. Finally, we would not expect any of 
the five traits to be associated with primary visual cortex.

In testing hypotheses about which brain regions are likely 
to be associated structurally with each of the Big Five fac-
tors, a preliminary question is how brain structure—specifi-
cally, the relative volume of different brain regions—relates 
to brain function. A greater-than-average volume of a spe-
cific brain structure may signify greater-than-average power 
to carry out specific functions associated with that structure, 
on the assumption that larger populations of neurons can pro-
duce larger outputs and can therefore be more influential 
than smaller populations of neurons. However, a smaller-
than-average volume of a given structure might indicate 
increased efficiency, or that the structure is streamlined to 
perform a particular function or set of functions. Good evi-
dence favors the larger-is-more-powerful position: Training 
on particular tasks has been shown to increase the volume of 
functionally relevant brain structures (Boyke, Driemeyer, 
Gaser, Buchel, & May, 2008). However, developmental stud-
ies on the association of cortical thickness with intelligence 
provide some evidence that efficiency may also be an impor-
tant force, as individuals with above-average intelligence 

show greater reductions in cortical volume in late childhood 
in comparison with individuals of average intelligence (Shaw 
et al., 2006). Nonetheless, more intelligent children also 
show more cortical thickening prior to the period of thinning, 
and intelligence in both children and adults correlates posi-
tively with brain volume (McDaniel, 2005). Thus, it seems 
reasonable to generalize tentatively that volume tends to 
covary positively with function. It would be imprudent, how-
ever, to make strong predictions regarding the direction of 
effect for associations of personality traits with volume in 
relevant neural structures.

Although the direction of volume-function relations is not 
entirely certain, structural scans were more advantageous than 
functional scans for this study, as they provide data relevant to 
all brain systems simultaneously, rather than data relevant only 
to those systems engaged by the particular task being performed 
during a functional scan. Thus, we were able to test hypotheses 
for all of the Big Five traits using a single scan for each indi-
vidual. Of course, a trait related to the function of a particular 
brain system is not necessarily associated with gross structural 
differences in that system. However, if the data indicate that the 
trait is related to structural differences in a given system, they 
provide evidence that the system is relevant to that trait. Thus, 
structural brain scans provide one important way to test theories 
in personality neuroscience. If a trait is hypothesized to be asso-
ciated with the functions of a set of brain regions, the finding 
that the trait in question is associated with structural variation in 
any of those regions supports the hypothesis.

Method
Participants

Healthy, right-handed participants were recruited from Wash-
ington University in St. Louis and the surrounding community 
(N = 116: 58 females and 58 males; plus 1 female serving as a 
within-study reference subject; ages 18–40 years, mean age = 
22.9, SD = 5.5). Participants gave informed consent and were 
prescreened to exclude anyone with a history of neurological 
or psychiatric disorders or use of psychoactive drugs. We uti-
lized this sample in previous, unrelated studies (e.g., DeYoung 
et al., 2009), none of which reported on the relation of the Big 
Five to brain structure. The experimental protocol was 
approved by the Washington University Medical Center 
Human Subjects Committee.

Measures
We administered the self-report version of the Revised NEO 
Personality Inventory (NEO-PI-R; Costa & McCrae, 1992) to 
assess the Big Five personality factors. Cronbach’s alphas for 
the Big Five scales were high—Neuroticism: .92; Extraver-
sion: .87; Openness/Intellect: .89; Agreeableness: .91; Consci-
entiousness: .91. Participants returned individually on a 
different day for the MRI session.
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Image acquisition and analysis

A 3-T Allegra System (Siemens, Erlangen, Germany) was 
used to acquire a high-resolution structural image—a whole-
brain magnetization-prepared rapid gradient-echo (MPRAGE) 
image—for each subject. (See the Supplemental Material 
available online for additional methodological details.) Pre-
processing steps for each subject involved extraction of brain 
data, coregistration of the resulting brain-only image to a ref-
erence subject using BioImage Suite (Papademetris et al., 
2006), and image smoothing. The reference subject was 
selected from the sample of 117 participants on the basis of 
being near the group average for personality traits and having 
a good structural image scan and extraction. The reference 
subject’s brain-only image was standardized by an affine 
transformation to a brain-only version of the Colin27 brain 
template (Holmes et al., 1998). All other subjects were then 
nonlinearly registered to the standardized reference subject, 
leaving each subject in standard space and coregistered to a 
within-study reference image. Registration quality was good 
for all subjects.

For any given subject’s brain, the spatial transformation 
needed to achieve coregistration with the reference subject’s 
brain contains the information of interest: the degree of local 
(voxel-level) expansion or contraction required for the subject 
image to match the reference image. The determinant of the 
Jacobian of the transformation is effectively a local scaling 
factor that, when applied, expands or contracts one brain 
locally so that it matches the other brain in structure. The non-
linear component of the transformation is of most interest 
because it does not include individual differences in whole-
brain volume or other linear effects of no interest (such as 
translations) that apply uniformly across the brain (for that 
subject). For all subjects, a three-dimensional image of the 
nonlinear component of the determinant of the Jacobian across 
the brain was smoothed using an 8-mm full-width at half- 
maximum (FWHM) Gaussian kernel. The smoothed images 
were then used as the dependent measure in a voxel-based 
(mass-univariate) general linear model (GLM), with sex as a 
fixed effect, and age and the Big Five as continuous 
covariates.

To identify regions of interest (ROIs) in which local brain 
volume was significantly associated with each personality trait 
independently (controlling simultaneously for the other traits, 
plus age, sex, and whole-brain volume), we used a corrected 
threshold of p < .05, with a cluster-based correction for mul-
tiple comparisons based on effect size and spatial extent. An 
initial, uncorrected threshold of p < .01 at each voxel was cho-
sen because it corresponded to an effect size (r) of .24 (with 
our sample size). Approximately half of all published signifi-
cant effect sizes in psychology are equal to or greater than .24 
(Hemphill, 2003), and we aimed to detect any effect larger 
than half of all published effects. With an uncorrected thresh-
old of p < .01 at each voxel, we used Monte-Carlo simulation 

(AlphaSim, Ward, 2000; see the Supplemental Material) to 
identify the minimum cluster size needed to correct for multi-
ple comparisons: 317 contiguous voxels. ROIs were then iden-
tified on the basis of meeting both the effect-size and the 
cluster-size criteria.

Results
The results of our analysis are reported in Table 1, which lists 
all clusters related to each of the Big Five traits, controlling for 
age, sex, and the other traits. The table also indicates which of 
these clusters reached the cluster-size threshold for signifi-
cance (p < .05, corrected), in order to be considered ROIs. 
(Controlling for indices of registration quality did not substan-
tively change results; see the Supplemental Material.) We 
found evidence to support our hypotheses about four of the 
Big Five. Specifically, for Extraversion, Neuroticism, Agree-
ableness, and Conscientiousness, ROIs were in the set of 
regions hypothesized to be related to each trait (see Table 1 
and Fig. 1).

For Extraversion, the only significant association with 
volume was a positive one in medial orbitofrontal cortex. For 
Neuroticism, the two largest regions of association were in 
right dorsomedial PFC and in portions of the left medial tem-
poral lobe, including posterior hippocampus, as well as por-
tions of basal ganglia and midbrain, including globus pallidus 
and bilateral subthalamic nuclei. Both of these associations 
were negative. Regions of positive association with Neuroti-
cism were seen bilaterally in mid-cingulate cortex, extending 
into the white matter of the cingulate gyrus and, in the left 
hemisphere, into the caudate. In addition, three regions not 
hypothesized to be involved were found to be associated 
with Neuroticism: one region in the middle temporal gyrus 
and one in the cerebellum (both positive associations), and 
one region in right precentral gyrus (a negative association). 
Finding significant associations involving regions not 
included in our hypotheses in no way invalidates our theory 
but does suggest candidate brain regions and systems that 
might fruitfully be incorporated into a theory of the Big Five, 
given replication.

For Agreeableness, there was a significant positive associa-
tion in the retrosplenial region of posterior cingulate cortex 
and a significant negative association in superior temporal sul-
cus and adjacent superior temporal gyrus. An additional, 
unpredicted, positive association with Agreeableness was 
found in fusiform gyrus.

Conscientiousness was associated positively with volume 
in a region of lateral PFC extending across most of the left 
middle frontal gyrus. An unpredicted negative association 
with Conscientiousness was found in posterior fusiform gyrus.

Openness/Intellect did not show any significant associa-
tions with relative local brain volume. This trait was associ-
ated with one cluster in right parietal cortex (p < .01, 
uncorrected), but this cluster was not large enough to reach the 
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cluster-size threshold (p < .05, corrected). Although this asso-
ciation is consistent with our hypotheses, it could also be due 
to chance.

Discussion
To test our hypotheses on the biological substrates of the Big 
Five personality traits, we examined the association between 
the Big Five and relative local volume throughout the brain. We 
based specific hypotheses about individual traits on the prem-
ise that each trait would be associated with structure in one or 
more of the brain regions known to be involved in functions 
central to the trait in question. We also formulated more general 
hypotheses about regions we did not expect to be related to 
some or all traits. Our data clearly supported our hypotheses for 

four of the Big Five factors—Extraversion, Neuroticism, 
Agreeableness, and Conscientiousness—but were not signifi-
cant for Openness/Intellect, despite appearing to be consistent 
with our hypothesis. These findings provide support for a 
model that posits biological systems and psychological mecha-
nisms underlying the Big Five (DeYoung & Gray, 2009).

Extraversion was associated with the volume of medial 
orbitofrontal cortex. This region is involved in coding the 
reward values of stimuli, and has therefore been hypothesized 
to be a substrate of Extraversion (Depue & Collins, 1999), 
which appears to reflect sensitivity to reward. Increased vol-
ume of orbitofrontal cortex has been associated with Extraver-
sion in two other studies (Omura, Constable, & Canli, 2005; 
Rauch et al., 2005), and our study provides further evidence 
for this association.

Table 1.  Brain Regions in Which Relative Local Volume Was Associated With a Big Five Trait

Trait and brain region Brodmann’s area
Centroid (Talairach 
coordinates): x, y, z Number of voxels β

Extraversion
  Medial orbitofrontal cortex 11           5, 33, −20 646* 0.35
  Superior temporal sulcus 22        −60, −32, 4 57 −0.27
  Cerebellum —             10, −74, −6 256 −0.29
Neuroticism
  Medial temporal lobe, basal ganglia 28/34        −12, −12, −7 1,822* −0.41
  Medial frontal gyrus 8/9           3, 38, 39  1,582* −0.37
  Mid-cingulate gyrus 24       15, −4, 31   693* 0.31
  Mid-cingulate gyrus, caudate 24         −20, −1, 25   995* 0.34
  Middle temporal gyrus 37        −52, −56, 2 654* 0.36
  Precentral gyrus 4       56, −10, 26 320* −0.32
  Cerebellum —       22, −37, −42 697* 0.39
  Cerebellum —        −52, −46, −30 25 0.29
  Cerebellum —          3, −74, −8 124 0.28
Agreeableness
  Superior temporal sulcus 22/42       52, −20, 3 533* −0.34
  Posterior cingulate 29            −5, −45, 6 813* 0.34
  Fusiform gyrus 18            36, −81, −7 1,059* 0.37
  Middle temporal gyrus 21/37        −60, −54, 8 17 0.26
  Precentral gyrus 6             55, −9, 31 105 −0.28
  Precuneus 7            −2, −54, 43 144 −0.28
  Middle frontal gyrus 8/9        −45, 25, 39 229 −0.30
  Cerebellum —            −6, −79, −13 64 0.26
Conscientiousness
  Middle frontal gyrus 8/9/10        −35, 36, 32 629* 0.43
  Inferior frontal gyrus 44        −54, 16, 12 35 −0.27
  Paracentral lobule 5            −3, −34, 48 22 −0.27
  Fusiform gyrus 19             35, −80, −11 476* −0.32
  Superior parietal lobule 7       34, −60, 48 222 0.31
Openness/Intellect
  Inferior parietal lobule 40       47, −31, 43 188 0.31
  Lingual gyrus 18       27, −78, −3 40 −0.28
  Middle temporal gyrus 37        −60, −46, −10 19 −0.28

Note: N = 116.
*p < .05, corrected for cluster size.
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Neuroticism was associated with reduced volume in dorso-
medial PFC and a segment of left medial temporal lobe includ-
ing posterior hippocampus, and with increased volume in the 
mid-cingulate gyrus, including both gray and white matter. 

These associations are consistent with the theory that Neuroti-
cism represents the primary manifestation in personality of 
sensitivity to threat and punishment, encompassing traits that 
involve negative emotion and emotional dysregulation. J.A. 

Extraversion
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Fig. 1.  Brain regions in which local volume was significantly associated with (a) Extraversion, (b) Conscientiousness, (c) Neuroticism, and 
(d) Agreeableness, as hypothesized (see also Table 1). Coordinates indicate the locations of the brain slices. Color is related to effect size, with lighter 
color signifying a larger effect, and darker color signifying a smaller effect. PFC = prefrontal cortex.
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Gray and McNaughton (2000) have implicated the hippocam-
pus in the detection of uncertainty and goal conflict and in the 
control of rumination and anxiety, functions they linked to 
Neuroticism. In addition, reduced hippocampal volume has been 
associated with stress and depression (Bremner et al., 2000). 
The mid-cingulate cortex has been associated with detection 
of error and response to pain, both physical and emotional 
(Carter et al., 1998; Eisenberger & Lieberman, 2004). A larger 
volume in this region in individuals who score higher in Neu-
roticism may reflect higher sensitivity both to the possibility 
of error and to pain following punishment. Finally, dorsome-
dial PFC has been implicated in evaluation of the self and in 
emotion regulation (Heatherton et al., 2004; Ochsner & Gross, 
2005). A smaller volume in this region may be related to the 
emotional dysregulation associated with Neuroticism and to 
the related tendency to evaluate the self negatively. Taken 
together, these associations present clear evidence that Neu-
roticism is broadly related to variation in brain systems gov-
erning sensitivity to threat and punishment.

Agreeableness was associated with reduced volume in pos-
terior left superior temporal sulcus and with increased volume 
in posterior cingulate cortex. The superior temporal sulcus is 
involved in the interpretation of other individuals’ actions and 
intentions on the basis of biological motion (Pelphrey & Mor-
ris, 2006), a process that may be more efficient in individuals 
who score higher in Agreeableness. The posterior cingulate has 
been implicated in the process of understanding other individu-
als’ beliefs, a sophisticated, late-emerging component of theory 
of mind (Saxe & Powell, 2006). These associations are consis-
tent with the hypothesis that Agreeableness is associated with 
the social information processing that enables and motivates 
altruistic behavior. We also found an association between 
Agreeableness and volume in the fusiform gyrus, which we did 
not predict, but which is nonetheless consistent with a social 
information processing function, given the area’s proximity to 
the fusiform region specialized for perceiving faces (Kan-
wisher, McDermott, & Chun, 1997).

Conscientiousness was associated positively with volume 
of the middle frontal gyrus in left lateral PFC. The region of 
association was large, stretching from close to the frontal pole 
to the posterior region of lateral PFC. The middle frontal gyrus 
is crucially involved in maintaining information in working 
memory and in the execution of planned action. In terms of 
brain function, moving from posterior to anterior regions of 
lateral PFC appears to entail an increasing hierarchy of abstrac-
tion and complexity, in terms of rules that are maintained and 
selected to guide behavior (Bunge & Zelazo, 2006). Our 
results may therefore reflect the association of Conscientious-
ness with effective self-regulation at multiple levels of com-
plexity, which would be in keeping with this trait’s importance 
as a predictor of academic and occupational performance, 
health, and longevity.

We found no associations with Openness/Intellect in regions 
large enough to be significant at p < .05, corrected. However, 

we did find that Openness/Intellect was associated—at p < .01, 
uncorrected—with one region consistent with our hypotheses: 
an area of parietal cortex involved in working memory and the 
control of attention. A previous study found that a nearly identi-
cal region (Talairach coordinates: 46, −33, 45) showed the 
strongest correlation between neural activity (during a diffi-
cult working memory task) and intelligence (J.R. Gray et al., 
2003). This finding is significant because Openness/Intellect is 
the only Big Five trait that has been consistently and positively 
associated with intelligence (DeYoung et al., 2005). Our cur-
rent finding for Openness/Intellect is not conclusive, but it does 
indicate a specific ROI for testing in future studies.

The associations of personality traits with volume in pre-
dicted brain regions were generally consistent with the hypoth-
esis that larger brain tissue volume is associated with increased 
function (with the exception of the negative association of 
Agreeableness with volume in superior temporal sulcus). For 
example, Neuroticism was positively associated with volume 
in a region of the cingulate linked to the detection of error and 
response to pain, both of which increase with Neuroticism. 
Also, Neuroticism was negatively associated with volume in a 
region of PFC associated with emotional regulation, which 
decreases with Neuroticism. However, our findings do not 
provide definitive evidence to allow generalizations about the 
relation of volume to function, and further research should tar-
get this question directly.

Conclusion
Personality neuroscience is a rapidly expanding area of 
research, incorporating not just structural and functional neu-
roimaging, but also molecular genetics, psychophysiology, 
and psychopharmacological research. If results in this field are 
to accumulate systematically, broad theoretical frameworks 
are needed to organize findings and generate predictions. The 
Big Five model offers a promising taxonomy of traits around 
which to build such a framework. The Big Five factors are 
important predictors of outcomes in mental and physical 
health, well-being, education, work, and relationships (Ozer & 
Benet-Martinez, 2006), and a theory of their biological roots is 
an important step toward the integration of individual differ-
ences research in psychology and neuroscience. The results of 
this study support such a theory, demonstrating the feasibility 
of using personality neuroscience to advance understanding of 
human psychology.
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