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Abstract: Personality traits are multidimensional traits comprising cognitive, emotional, and behavioral charac-
teristics, and a wide array of cerebral structures mediate individual variability. Differences in personality traits
covary with brain morphometry in specific brain regions, and neuroimaging studies showed structural or func-
tional abnormalities of cerebellum in subjects with personality disorders, suggesting a cerebellar role in affective
processing and an effect on personality characteristics. To test the hypothesis that cerebellar [white matter (WM)
and cortex] volumes are correlated with scores obtained in the four temperamental scales of the Temperament
and Character Inventory (TCI) by Cloninger, a total of 125 healthy participants aged 18–67 years of both genders
(males¼ 52) completed the TCI and underwent magnetic resonance imaging. The scores obtained in each tem-
peramental scale were associated with the volumes of cerebellar WM and cortex of right and left hemispheres
separately by using linear regression analyses. In line with our hypothesis, novelty seeking (NS) scores were
positively associated with WM and cortex cerebellar volumes. Harm avoidance (HA) scores were negatively
associated with WM and cortex cerebellar volumes. The range of individual differences in NS and HA scores
reflects the range of variances of cerebellar volumes. The present data indicating a cerebellar substrate for some
personality traits extend the relationship between personality and brain areas to a structure up to now thought
to be involved mainly in motor and cognitive functions, much less in emotional processes and even less in per-
sonality individual differences. Hum Brain Mapp 35:285–296, 2014. VC 2012 Wiley Periodicals, Inc.
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INTRODUCTION

On the basis of family background, longitudinal devel-
opmental, psychometrical, neuropharmacological, and neu-
roanatomical studies, Cloninger identified primary-basic
personality temperament and character traits [Cloninger,
1987; Cloninger et al., 1993]. Although the character traits
are produced by learning, maturation, and sociocultural
factors and evolve across lifespan, the temperamental
traits are potentially associated with a specific genetic and
biological substrate, relatively consistent and stable over
time [Cloninger et al., 1993; Comings et al., 2000; Tellegen
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et al., 1988]. It is postulated that they determine disposi-
tion to attachment and early emotions of fear and anger as
well as automatic behavioral responses to danger, novelty,
and reward. Novelty seeking (NS), harm avoidance (HA),
reward dependence (RD), and persistence (P) are the four
temperamental traits described in the Temperament and
Character Inventory (TCI) [Cloninger et al., 1993]. Because
personality traits are multidimensional traits comprising
cognitive, emotional, and behavioral characteristics, it may
be advanced that a wide array of cerebral circuits mediate
the individual variability. Associations have been demon-
strated between personality factors and neurobiological
measures, as neurotransmitter metabolites [Cloninger,
1987; Cloninger et al., 1993; Kim et al., 2002; Limson et al.,
1991] and various markers associated with in vivo neuroi-
maging [Canli et al., 2001; Kumari et al., 2004; Sugiura
et al., 2000; Youn et al., 2002]. Furthermore, neuroanatomi-
cal studies indicated that individual differences in person-
ality traits covaried with brain morphometry (e.g., cortical
thickness and gray matter volume) in specific brain
regions [DeYoung et al., 2010; Gardini et al., 2009; Hu
et al., 2011; Yamasue et al., 2008]. Neuroimaging studies
emphasized the involvement in the personality traits of
the cortico-limbic pathways involved also in emotional
processing and reappraisal [Deckersbach et al., 2006; Gog-
tay et al., 2004; Kumari et al., 2004], but they have almost
ignored cerebellar involvement.

After being connected to motor and cognitive functions,
cerebellar structures have been completely reconsidered to
address new roles on a variety of domains. Impaired exec-
utive and spatial functions, language deficits, and person-
ality changes are described in subjects with lesions of the
posterior lobe and vermis (cerebellar cognitive-affective
syndrome) [Schmahmann and Sherman, 1998]. Further-
more, a positive association between pattern of synchro-
nous neuronal activity (indexed by regional homogeneity)
and extraversion (temperamental trait similar to NS) was
described in the cerebellum that contributes to generally
higher hedonic tone of extraverts [Wei et al., 2011]. Mag-
netic resonance imaging (MRI) studies showed structural
or functional abnormalities of the cerebellum in patients
with personality disorders or depression [Fitzgerald et al.,
2008; Liu et al., 2010; Pillay et al., 1997]. This evidence
indicates a cerebellar role in affective processing, which
has an effect on one’s personality characteristics. Actually,
the psychopathological profile of patients affected by cere-
bellar diseases of different etiology describes them as im-
pulsive, obsessive, hyperactive, disinhibited, and with
ruminative and stereotypical behaviors, features affecting
their personality style [Schmahmann et al., 2007].

On the basis of this, we tested the hypothesis that cere-
bellar [white matter (WM) and cortex (Cx)] volumes were
correlated with scores obtained in the four TCI tempera-
mental scales even in healthy subjects. To our knowledge,
this is the first study addressing the potential relation
between cerebellar structures and personality traits in a
large cohort of nonpathological differently aged subjects of

both sexes. In investigating brain regions more likely asso-
ciated with a personality scale from a structural point of
view, a preliminary question is how brain structure—spe-
cifically, the relative volume—relates to brain function. A
greater-than-average volume may signify greater-than-av-
erage power to carry out specific functions. Human and
experimental evidence favors the larger-is-more-powerful
position: training on particular tasks or experiencing com-
plex environment does increase the volume of the func-
tionally related brain structures [Boyke et al., 2008;
Di Paola et al., 2012; Pangelinan et al., 2011]. Thus,
it seems reasonable to assume that volume tends to posi-
tively covary with function. Furthermore, structural neuro-
imaging studies demonstrated correlations between
regional specificity and temperamental traits [DeYoung
et al., 2010; Gardini et al., 2009; Yamasue et al., 2008]. In
particular, by associating the Big Five personality traits
with volume in specific brain regions, it has been reported
that the neuroticism (dimension corresponding to HA by
TCI) covaries positively with volume of mid-cingulate
gyrus and negatively with volume of dorsomedial prefron-
tal cortex and posterior hippocampus, regions associated
with threat, punishment, and negative affect; extraversion
(dimension corresponding to NS by TCI) covaries posi-
tively with volume of medial orbitofrontal cortex, region
involved in processing reward information [DeYoung
et al., 2010]. Furthermore, it has been demonstrated that
NS correlates positively with volume of frontal and poste-
rior cingulate cortex; HA negatively correlates with vol-
ume of orbitofrontal, occipital, and parietal structures; RD
negatively correlates with volume of caudate nucleus and
rectal frontal gyrus; finally, P positively correlates with
volume of precuneus, paracentral lobule, and parahippo-
campal gyrus [Gardini et al., 2009]. These results indicate
that personality dimensions may reflect structural variance
in specific brain areas, supporting systematic studies of
individual differences in personality using neuroscience
methods.

MATERIALS AND METHODS

Participants

A sample of 125 neurologically intact subjects [52 males
(42%); mean age � SD ¼ 35 � 12 years, range 18–67] was
recruited from universities, community recreational cen-
ters, and hospital personnel by local advertisement. Educa-
tional level ranged from an eighth-grade education to a
postgraduate degree (mean education � SD ¼ 15.5 � 2.8
years, range 8–24). All participants were right handed as
assessed with the Edinburgh Handedness Inventory [Old-
field, 1971]. The subjects were submitted to MRI. The
inclusion criteria were age between 18 and 70 years and
suitability for MRI scanning. Exclusion criteria included:
(i) suspicion of cognitive impairment or dementia based
on Mini Mental State Examination [Folstein et al., 1975]
score � 24 [Measso et al., 1993], identifying positive
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screening for cognitive deterioration in Italian population
and confirmed by clinical neuropsychological evaluation
by using the Mental Deterioration Battery [Carlesimo
et al., 1996] and NINCDS-ADRDA criteria for dementia
[McKhann et al., 1984]; (ii) subjective complaint of memory
difficulties or of any other cognitive deficit, interfering or
not with the daily living activities; (iii) major medical ill-
nesses, e.g., diabetes (not stabilized), obstructive pulmo-
nary disease, or asthma; hematologic and oncologic
disorders; pernicious anemia; clinically significant and
unstable active gastrointestinal, renal, hepatic, endocrine,
or cardiovascular system disease; and newly treated hypo-
thyroidism; (iv) current or reported psychiatric, assessed
by the SCID-I and the SCID-II [First et al., 1997a,b] or neu-
rological, assessed by a clinical neurologist disorders (e.g.,
schizophrenia, mood disorders, anxiety disorders, stroke,
Parkinson disease, seizure disorder, head injury with loss
of consciousness, and any other significant mental or neu-
rological disorder); (v) known or suspected history of alco-
holism or drug dependence and abuse during lifetime;
and (vi) MRI evidence of focal parenchymal abnormalities
or cerebrovascular diseases: for each subject, a trained
neuroradiologist and a neuropsychologist expert in neuroi-
maging coinspected all the available clinical MRI sequen-
ces (i.e., T1 and T2-weighted and fluid attenuated
inversion recovery (FLAIR) images) to ensure that subjects
were free from structural brain pathology and vascular
lesions (i.e., T2-weighted hyperintensities or T1-weighted
hypointensities). On the basis of the inclusion criteria, in a
quality control previous to sample definition we had
excluded 28 subjects (the most elderly) showing WM
hyperintensities evident on T2-weighted MRI sequences.

The study was approved by the local ethics committee
of the I.R.C.C.S. Santa Lucia Foundation, and written con-
sent was obtained from all participants after a full expla-
nation of the procedures of the study.

Temperament and Character Inventory

TCI consists of 240 items comprising seven dimensions,
including four temperamental scales (NS, HA, RD, and P)
and three character scales (self-directedness, cooperative-
ness, and self-transcendence) [Cloninger et al., 1993]. We
focused on the scales of the temperaments, known to be
stable traits and with high heritability [Cloninger, 1986;
Stallings et al., 1996]. NS refers to a tendency to action
behaviors and it is expressed as the tendency to explora-
tory activity in response to novelty, impulsive decision
making, extravagant approach to cues of reward, and
quick loss of temper. HA refers to a tendency to inhibit
behaviors and act with caution, apprehensiveness, and
pessimism to respond intensively to aversive stimuli, lead-
ing to passive avoidance behavior, fear of uncertainty, shy-
ness of strangers, and rapid fatigability. RD refers to a
tendency to maintain ongoing behaviors previously associ-
ated with reinforcement and to express persistence, social

attachment, and dependence on the others’ approval. P
refers to the ability to maintain arousal and motivation
internally in the absence of immediate external reward.

MRI Acquisition and Processing

All 125 participants underwent the same imaging proto-
col, which included standard clinical sequences (FLAIR,
DP-T2-weighted) and a whole-brain high-resolution T1-
weighted sequence obtained in the sagittal plane using a
modified driven equilibrium Fourier transform sequence
(echo time (TE)/repetition time (TR) ¼ 2.4/7.92 ms, flip
angle: 15�, and voxel size: 1 � 1 � 1 mm3) using a 3-T
Allegra MR imager (Siemens, Erlangen, Germany) with a
standard quadrature head coil. All planar sequence acquis-
itions were obtained in the plane of the anterior-posterior
commissure line. Particular care was taken to center the
subject in the head coil and to restrain the subject’s move-
ments with cushions and adhesive medical tape.

MRI-based quantification of cerebellar WM and Cx was
performed using Freesurfer (v. 4.05) software package
(http://surfer.nmr.mgh.harvard.edu). The stream consists of
five different stages, fully described elsewhere [Dale et al.,
1999; Fischl and Dale, 2000]. Initially, the MRI volumes were
registered to the Talairach space and the output images were
intensity normalized. At the next stage, the skull was auto-
matically stripped off the 3D anatomical data set by using a
hybrid method that uses both watershed algorithms and de-
formable surface models. At this stage, manual intervention
is needed to visualize and edit areas of skull and the areas
of cortex or cerebellum that should be corrected. After skull
stripping, the output brain mask was labeled using a proba-
bilistic atlas [Destrieux et al., 2010] where each voxel in the
normalized brain mask volume was assigned one of the fol-
lowing labels: cerebral WM, cerebral cortex, lateral ventricle,
inferior lateral ventricle, cerebellum WM, cerebellum Cx,
thalamus, caudate, putamen, pallidum, hippocampus, amyg-
dala, accumbens area, third ventricle, fourth ventricle, brain-
stem, and cerebrospinal fluid. Volumetric data of definite
structures (i.e., cerebellar WM and Cx volumes, see Fig. 1)
were then extracted (in mm3) using specific algorithms,
which count the number of voxels inside the structure and
multiple it by the resolution of the MRI image.

Statistical Analysis

Parametric associations between the four TCI tempera-
mental scales or cerebellar volumes and age or years of
education were tested by using Pearson product moment
correlation (Fisher r to z). Main effects of sex were
assessed by using independent-samples t-test for each TCI
scale or cerebellar volumes. We evaluated the associations
between scores in each temperamental scale and volumes
of cerebellar WM and Cx of right and left side separately
by using linear regression analyses. To rule out that indi-
viduals at either extreme end on the scales
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disproportionately influenced the above described associa-
tions, according to Westlye’s paper [Westlye et al., 2011],
we made an additional outlier rejection analysis on the
analyses using a deleted residuals strategy. We omitted
cases with �2 studentized residuals in the main analysis
and tested whether the relationships between scale and
volume values remained in the reduced sample.

To further analyze whether age- or sex-related processes
modulated the results obtained in the main analysis on NS
and HA, respectively, and to establish the stability of
effects, we reanalyzed the data of male/female subsamples
as for NS scale as well as data of five subsamples classi-
fied for decades of age as for HA scale.

Additional analyses have been performed to evaluate
the associations between scores in TCI temperamental
scales and volumes of cerebellar WM and Cx of both
hemispheres in the reduced sample as well as cerebral
WM and GM of both hemispheres in the entire sample by
using linear regression analyses and adding age, sex, and
total brain volume as predictive variables. Sex was consid-

ered a ‘‘dummy variable’’ given its dichotomic nature.
Alpha level for significance testing was Bonferroni cor-
rected at P � 0.01. Power analysis calculated on the linear
regressions with 125 participants showed the high statisti-
cal power of 0.91.

RESULTS

Relationship Between TCI Scales as Well as

Cerebellar Volumes and Sex, Age, and

Years of Education

Table I gives the sample characteristics for age, sex, edu-
cation, and TCI scores per age decades and in total. The
TCI score distribution is comparable to that reported in a
previous study by Cloninger et al. [1993]. Female partici-
pants showed higher scores than male participants only in
HA scale (t ¼ 4.012, P < 0.001), whereas they had similar
scores in NS (t ¼ �0.52, P > 0.05), RD (t ¼ 0.56, P > 0.05),
and P (t ¼ �0.09, P > 0.05) scales. Furthermore, female

Figure 1.

Cerebellar cortex and white matter segmentation. Coronal slices showing the process of

segmentation of cerebellar cortex (red) and white matter (green) in a representative subject.

Approximate y coordinates are in MNI space. L, left; R, right. [Color figure can be viewed in the

online issue, which is available at wileyonlinelibrary.com.]
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participants showed smaller cerebellar volumes than male
participants (left WM: t ¼ 75.32, P < 0.0001; right WM: t ¼
74.55, P < 0.0001; left Cx: t ¼ 90.76, P < 0.0001; and right
Cx: t ¼ 93.49, P < 0.0001).

No positive correlation between TCI scores and age or
education years was found (Table II), but a significant nega-
tive correlation between NS scores and age (r ¼ �0.33, P <
0.001) was observed. NS and HA scores were significantly
negatively correlated (r ¼ �0.37, P < 0.0001). Furthermore,
although no correlation between cerebellar volumes and
education was found, a significant negative correlation
between cerebellar volumes and age was observed for left
Cx (r ¼ �0.30, P < 0.001) and right Cx (r ¼ �0.32, P <
0.001) and not for the WM of both hemispheres.

Relationship Between TCI Scores and

Cerebellar Volumes

As shown in Figure 2A,B, significant positive associa-
tions emerged between NS scores and volumes of cerebel-
lar WM (left side: b ¼ 0.30, F(1,123) ¼ 12.41, P < 0.001 and
right side: b ¼ 0.29, F(1,123) ¼ 11.24, P < 0.001) and Cx
(left side: b ¼ 0.25, F(1,123) ¼ 8.49, P < 0.01 and right
side: b ¼ 0.27, F(1,123) ¼ 9.94, P < 0.01).

As shown in Figure 3A,B, significant negative associa-
tions emerged between HA scores and volumes of cerebel-
lar WM (left side: b ¼ �0.28, F(1,123) ¼ 10.91, P < 0.001
and right side: b ¼ �0.30, F(1,123) ¼ 12.56, P < 0.0005)
and Cx (left side: b ¼ �0.31, F(1,123) ¼ 13.48, P < 0.001
and right side: b ¼ �0.30, F(1,123) ¼ 12.58, P < 0.0005).

No significant associations emerged between RD scores
and volumes of cerebellar WM (left side: b ¼ �0.06,
F(1,123) ¼ 0.51, P > 0.05 and right side: b ¼ �0.01,
F(1,123) ¼ 0.02, P > 0.05) and Cx (left side: b ¼ 0.07,
F(1,123) ¼ 0.64, P > 0.05 and right side: b ¼ 0.05, F(1,123)
¼ 0.35, P > 0.05). No significant associations emerged
between P scores and volumes of cerebellar WM (left side:
b ¼ �0.11, F(1,123) ¼ 1.59, P > 0.05 and right side: b ¼
�0.08, F(1,123) ¼ 0.87, P > 0.05) and Cx (left side: b ¼
�0.02, F(1,123) ¼ 0.44, P > 0.05 and right side: b ¼ �0.02,
F(1,123) ¼ 0.08, P > 0.05).

To rule out that statistically outlying individuals dispro-
portionately influenced the associations, we omitted all
cases with �2 studentized deleted residuals from the main
significant analyses and repeated the analyses on the
reduced sample. The outlier rejection analyses revealed
significant positive associations between NS scores and
cerebellar WM (left side: b ¼ 0.32, F(1,118) ¼ 14.0, P <
0.001 and right side: b ¼ 0.43, F(1,116) ¼ 26.4, P < 0.00001)
and Cx (left side: b ¼ 0.39, F(1,117) ¼ 21.3, P < 0.00001
and right side: b ¼ 0.37, F(1,118) ¼ 18.7, P < 0.0001).

Similarly, the outlier rejection analyses revealed signifi-
cant negative associations between HA scores and cerebel-
lar WM (left side: b ¼ �0.31, F(1,118) ¼ 12.7, P < 0.0005
and right side: b ¼ �0.39, F(1,116) ¼ 20.46, P < 0.00001)
and Cx (left side: b ¼ �0.38, F(1,116) ¼ 19.9, P < 0.0001
and right side: b ¼ �0.36, F(1,117) ¼17.77, P < 0.00005).

Because the outlier rejection analyses indicated associa-
tions that were robust for statistical outliers, we performed
subsequent analyses on the reduced sample.

Relationship Between NS Scores and Cerebellar

Volumes in Age Groups

Given the significant correlation between age and NS
(Table II), we recalculated the linear regressions between
NS scores and cerebellar volumes according to decades of
age (Table III). In the first decade, the only significant pos-
itive association emerged between NS and right WM vol-
ume (b ¼ 0.45, F(1,38) ¼ 9.5, P < 0.005). In the second

TABLE I. Sample characteristics

Age group
(years) No.

Age Mean
(� SD) Female (%)

Education
Mean (� SD)

NS Mean
(� SD)

HA Mean
(� SD)

RD Mean
(� SD)

P Mean
(� SD)

18–27 43 22.7 (2.5) 63 15.4a (1.9) 22.2 (5.1) 13.14 (5.7) 16.0 (3.6) 4.9 (2.0)
28–37 40 32.4 (2.8) 47.5 16.8 (3.0) 22.0 (5.4) 11.7 (6.9) 16.13 (3.32) 5.5 (1.6)
38–47 18 42.2 (3.1) 61 15.2 (2.3) 19.6 (5.3) 13.4 (6.9) 14.9 (3.12) 5.3 (1.7)
48–57 17 53 (2.8) 70 14.1 (2.5) 19.6 (5.1) 17.1 (4.2) 16.24 (3.03) 4.8 (1.7)
58–67 7 61.6 (3.4) 57 12.4 (3.7) 14.3 (5.0) 15.7 (7.1) 13.9 (4.2) 4.9 (1.8)
Total 125 34.9 (12.4) 58.4 15.5 (2.8) 21 (5.5) 13.4 (6.3) 15.8 (3.4) 5.1 (1.8)

Sample characteristics by age groups, sex, years of education, and TCI temperamental scores (NS, HA, RD, and P).
NS, novelty seeking; HA, harm avoidance; RD, reward dependence; P, persistence.
aMany individuals in the group aged 18–27 years were still attending secondary school or university at the time of assessment. Com-
pleted years of education at the time of assessment are used in the present study.

TABLE II. Correlations among TCI temperamental

scores and age or years of education

Variable NS HA RD P

Age �0.33* 0.15 �0.09 �0.002
Education 0.08 �0.05 0.13 0.17

Pearson product moment correlations among NS, HA, RD, P and
age and years of education.
NS, novelty seeking; HA, harm avoidance; RD, reward depend-
ence; P, persistence.
*P < 0.001.
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decade, the only significant positive association emerged
between NS and left Cx volume (b ¼ 0.43, F(1,36) ¼ 8.3,
P < 0.01), whereas no association was found in the third
decade of age. Conversely, in the two last decades, pooled
together given the scarce number of subjects belonging to
fourth and fifth decades, significant positive associations
were found between NS and WM volumes of both hemi-
spheres (left side: b ¼ 0.57, F(1,22) ¼ 10.6, P < 0.005 and
right side: b ¼ 0.52, F(1,22) ¼ 8.4, P < 0.01).

Relationship Between HA Scores and Cerebellar

Volumes in Female and Male Participants

Given the significant correlation between sex and HA,
we recalculated the linear regressions between HA scores
and cerebellar volumes in females and male, separately

(Table IV). Although no association was found in female
participants, in males significant negative associations
were found between HA and volumes of left cerebellar Cx
(b ¼ �0.38, F(1,45) ¼ 7.6, P < 0.01) and right WM (b ¼
�0.39, F(1,45) ¼ 8.4, P < 0.01).

Additional Analyses on TCI Scales and

Cerebellar (or Cerebral) Volumes

The additional analyses (Supporting Information) con-
firmed the significant associations between the NS or HA
scores and the cerebellar WM and Cx of both hemispheres,
independently from the total brain volume. Furthermore,
they failed to reveal any significant association between
the four TCI scales and cerebral WM and GM of both
hemispheres.

Figure 2.

Relationship between cerebellar WM (A) and Cx (B) volumes and NS scores. Scatterplots are

separated for left and right volumes. Linear fit (solid black line) and equations are also reported.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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DISCUSSION

Biopsychosocial theories propose that personality traits are
related to genetic and neurobiological markers [Cloninger,
1986, 1987; Cloninger et al., 1993]. The main result of the
present research is that the range of individual differences in
NS and HA scores observed in healthy subjects of both sexes
and different ages reflects the range of variances of cerebellar
volumes. No relationship between cerebellar volumes and
the other two TCI scales (RD and P) was found. To our
knowledge, this is the first study that in a large cohort of
healthy subjects advances the involvement of cerebellar net-
works in specific TCI temperamental traits by combining a
structural imaging technique and a personality measure. In
particular, in line with our hypothesis, we found a powerful

positive association between cerebellar volumes and NS
scores as well as a powerful negative association between
cerebellar volumes and HA scores. Noteworthy, these associ-
ations were evidenced either in cerebellar WM and Cx of
both hemispheres. Such innovative data indicating a cerebel-
lar substrate for some personality traits extend the relation-
ship between personality and brain areas to a structure up to
now thought to be involved mainly in motor and cognitive
functions [De Bartolo et al., 2009; Foti et al., 2010; Oliveri
et al., 2007, 2009; Torriero et al., 2007, 2011], much less in
emotional processes [Schmahmann and Sherman, 1998;
Schmahmann et al., 2007; Turner et al., 2007] and even less in
personality individual differences [O’Gorman et al., 2006].

NS behavior defined as a proclivity to approach unfami-
liar situations encompasses an array of traits, such as

Figure 3.

Relationship between cerebellar WM (A) and Cx (B) volumes and HA scores. Scatterplots are

separated for left and right volumes. Linear fit (solid black line) and equations are also reported.

[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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explorativity, impulsivity, risk-taking behaviors linked to
approach tendencies, and sensitivity to novelty and
reward. HA behavior defined as a proclivity to inhibit behav-
iors encompasses an array of traits, such as excessive worry-
ing, apprehensiveness, and pessimism. Individuals with high
NS scores are exploratory, impulsive, fickle, excitable, quick
tempered, and extravagant, whereas those with high HA
scores are worried in anticipation of future problems, pas-
sive, fearful of uncertainty, shy, and easily fatigued.
Although individuals with neuropsychiatric symptoms such
as depression [Ono et al., 2002], suicidal behavior [Pompili
et al., 2008], bipolar mania [Loftus et al., 2008], schizophrenia
[Fresán et al., 2007], substance use disorders [Conway et al.,
2003], pathological gambling [Martinotti et al., 2006], and
anxiety disorders [Kashdan and Hofmann, 2008] have per-
sonality scores that fall at the extreme ends of the normal dis-
tribution for each personality trait, NS and HA are also part
of not-dysfunctional behaviors and contribute to adaptive
functioning. In fact, NS on one hand and risk avoiding on the
other hand provide mechanisms to expand the range of stim-
uli and possibilities or to protect from potentially aversive
contexts supplying thus the appropriate feedback for sculpt-
ing the brain and developing interest in specific domains
[Koziol et al., 2010; Luna et al., 2001]. As temperament traits
are associated with emotional processing, attentional focus,
and inhibitory control [Goldsmith et al., 2000, 2008; Vander-
vert, 2009] that are governed by circuits between the cortex
and basal ganglia and the cortex and cerebellum, the involve-
ment of the cerebellar regions in the neuroanatomical geogra-
phy supporting NS and HA traits appears reasonable.
Furthermore, the recently discovered direct reciprocal con-
nections between cerebellum and basal ganglia [Bostan et al.,
2010; Hoshi et al., 2005] could provide the neuroanatomical
basis for the cerebellum to influence even reward-driven
behavior and processing of information related to motiva-
tional valence, functions notoriously attributed to basal gan-

glia [Delgado, 2007; Palmiter, 2008; Robbins and Everitt,
1996; Wise, 2004]. It is likely that the cerebellum would accel-
erate the ‘‘force’’ with which the reward was experienced
[Schmahmann et al., 2007].

Cerebellar activity signals when sensory input differs
from memory-driven expectations, providing thus a sen-
sory prediction error, guides exploratory drive in novel
environments, allows a flexible switching among multiple
tasks or alternatives, and makes functions faster and more
adaptive. Cerebellum performs these roles by refining the
rate, rhythm, and force of behavior and adjusting it for
given situations. In essence, cerebellar function is to receive
information from cortex and basal ganglia and to send a
‘‘corrected’’ signal back to them [Bostan et al., 2010; Hoshi
et al., 2005]. These widespread two-way communications
sustain the cerebellar involvement not only in motor func-
tions but also in cognitive and behavioral processing
[Andrease and Pierson, 2008; Ben-Yehudah et al., 2007;
Daum et al., 1993; Foti et al., 2010; Oliveri et al., 2007, 2009;
Torriero et al., 2007, 2011]. We are proposing that the cor-
tico-basal-cerebellar communications influence and sustain
even the processes linked to temperamental individual dif-
ferences. It has been already established that when the cere-
bellum works in motor and cognitive domains, it develops
both forward and inverse models. In the forward model,
the cerebellum is informed by cortex (namely, prefrontal
and posterior cortex) and basal ganglia on information
load, plans, and intentions about the behavior to do as well
as about the characteristics of the environment in which the
behavior is done, developing progressive, short-cut, antici-
patory model [Seidler, 2010; van Schouwenburg et al., 2010;
Wymbs and Grafton, 2009]. As the behavior and cognition
are repeated and the anticipatory predicted feedback is
received, the cerebellum becomes increasingly accurate in
its predictive capacities. This allows behavioral execution
to become more precise and fast and allows behavior to
become independent of cortical control. With successful
repetitions, behavior governed consciously by cerebellar
forward model becomes more and more automated, devel-
oping the cerebellar ‘‘inverse’’ model that permits rapid
and skilled behavior to occur at an unconscious level. The

TABLE III. Associations between NS scores and

cerebellar volumes

Age group
(years)

L WM
Fd.f.

b

R WM
Fd.f.

b

L Cx
Fd.f.

b

R Cx
Fd.f.

b

18–27 F1,39 ¼ 2.8 F1,38 ¼ 9.5** F1,40 ¼ 3.6 F1,40 ¼ 3.8
0.26 0.45 0.29 0.29

28–37 F1,37 ¼ 0.5 F1,36 ¼ 2.8 F1,36 ¼ 8.3* F1,36 ¼ 5.9
0.11 0.27 0.43 0.37

38–47 F1,14 ¼ 0.25 F1,14 ¼ 0.77 F1,15 ¼ 0.01 F1,15 ¼ 0.01
0.13 0.23 0.02 0.02

48–67 F1,22 ¼ 10.6** F1,22 ¼ 8.4* F1,20 ¼ 2.26 F1,21 ¼ 1.7
0.57 0.52 0.27 0.32

Linear regressions between NS scores and cerebellar volumes in
age groups.
NS, novelty seeking; L WM, left white matter; R WM, right white
matter; L Cx, left cortex; R Cx, right cortex.
*Statistical significance at level of P < 0.01.
**Statistical significance at level of P < 0.005.

TABLE IV. Associations between HA scores and

cerebellar volumes

Sex

L WM
Fd.f.

b

R WM
Fd.f.

b

L Cx
Fd.f.

b

R Cx
Fd.f.

b

Females F1,68 ¼ 3.6 F1,69 ¼ 4.4 F1,69 ¼ 2.8 F1,68 ¼ 2.9
�0.22 �0.25 �0.20 �0.20

Males F1,48 ¼ 2.1 F1,45 ¼ 8.3* F1,45 ¼ 7.6* F1,47 ¼ 4.2
�0.20 �0.39 �0.38 �0.28

Linear regressions between HA scores and cerebellar volumes in
female and male participants.
HA, harm avoidance; L WM, left white matter; R WM, right white
matter; L Cx, left cortex; R Cx, right cortex.
*Statistical significance at level of P < 0.01.
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cerebellum is constantly constructing multipairs of models
that constitute a complex modular architecture for adap-
tively regulating motor, cognitive, and emotional material.
Intriguingly, the cerebellum could play a comparable role
in facilitating motivation that sustains and reinforces the
temperamental features. The present data evidencing a pos-
itive correlation between cerebellar volumes and NS scores
and a negative one between cerebellar volumes and HA
scores appear fully consistent with the different engage-
ment the subjects with different styles of personality
require to cerebellar circuitries. In fact, a subject who
searches for unfamiliar situations, makes the unknown
known, is motivated to explore new environments, displays
increased tendency toward risk-taking, sensation-seeking,
and immediate reward-seeking, lacks inhibition, as novelty
seekers do, needs very rapid detection of unfamiliar events,
flexible switching among tasks, alternatives, and contexts,
and fast adaptation to change. All these functions seem to
require heavy engagement of the cerebellum. Whether as
hypothesized ‘‘larger is more powerful,’’ the higher
requests a seeker subject makes to his cerebellum, could
enlarge it, and vice versa the lower requests an avoiding
subject makes to his cerebellum, could reduce it. In fact, the
cerebellum is able to provide the fast computational system
for timing, sequencing, and modeling and thus could pro-
cess the novelty-related information and render the proc-
esses increasingly more efficient and adaptive [O’Reilly
et al., 2008; Restuccia et al., 2007].

Previous structural neuroimaging studies pertaining the
regional specificity of brain-temperament relationships
demonstrated positive correlation between NS and gray
matter volume in frontal and posterior cingulate regions
[Gardini et al., 2009] as well as between HA or anxiety-
related traits and reduced volumes of whole brain [Knut-
son et al., 2001], orbitofrontal [DeYoung et al., 2010], occi-
pital, parietal [Gardini et al., 2009], and left anterior
prefrontal [Gardini et al., 2009; Yamasue et al., 2008] cor-
tex. Furthermore, increased HA is demonstrated to be
associated with decreased microstructure in widely distrib-
uted WM tracts, including cortico-limbic pathways [West-
lye et al., 2011]. It is far to be clarified whether
temperamental traits determine the size of brain regions or
conversely, the differently sized brain regions determine
temperamental traits, and limited data are available to
clarify which comes first. The development of the neural
circuitry organization is influenced by genetic predisposi-
tions and environmental events as well as by neuroplastic
responses to experiences determining how neurons are
connected and how they communicate within individual
brain regions and circuits and across neural pathways.
Future studies are needed to delineate the contribution of
genetic, epigenetic, and environmental variables that may
together develop and modulate individual differences.

Among healthy individuals, one of the major factors con-
tributing to individual differences in HA and anxiety-related
traits is gender difference. In accord with previous studies
[Cloninger et al., 1993; Fresán et al., 2011; Westlye et al.,

2011], female participants of the present research had HA
scores higher than male participants. More importantly,
although no association was found in female participants, in
males there was a negative association between HA scores
and cerebellar volumes, indicating that to reach higher HA
scores the males had to have lower cerebellar volumes. As
HA scores were related to gender differences, NS scores
were related to age differences. In fact, in accord with previ-
ous studies [Cloninger et al., 1993; Fresán et al., 2011], in the
present research, young participants had higher NS scores
than old participants. Interestingly, we found that only the
cerebellar cortical volumes were negatively correlated with
age, whereas the cerebellar WM volumes did not exhibit
age-related differences. This datum perfectly fits with very
recently reported findings [Sullivan et al., 2000; Walhovd
et al., 2011]. Once again more importantly, the positive asso-
ciation between NS scores and cerebellar volumes found in
the first two decades of age was encountered even in the last
two decades, indicating that in the oldest participants lower
NS scores were associated with reduced cerebellar volumes.
The above findings suggest that it is necessary to consider
also gender and age effects in attempting to uncover the
neuroanatomical underpinnings of personality traits.

CONCLUSIONS

Experimental and brain imaging studies have analyzed
the brain-behavior relationships and have indicated that
cortical and subcortical structures play integrated roles in
building personality [Ebstein, 2006; Koziol et al., 2010;
Westlye et al., 2011]. The models that have emerged go
over the traditional cortico-centric view of personality. By
including cerebellar areas, it is possible to characterize fac-
ets of both normal and abnormal development of tempera-
mental traits and related individual differences.

The current findings advance the specific function of the
cerebellar system in sustaining aspects of motivational net-
work that characterizes the different temperamental traits.
In this regard, the individual differences might be inter-
preted as a product of the cerebellar ability to enhance
motivation and model information processing in relation
to domains that the cortex and basal ganglia keep in sharp
focus. In other words, the personality seems to be a mani-
festation of the dynamic interplay between cortical and
subcortical networks.
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