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Creativity is crucial to the progression of human civilization and has led to important scientific discoveries. Especially, individuals are more likely to have
scientific discoveries if they possess certain personality traits of creativity (trait creativity), including imagination, curiosity, challenge and risk-taking.
This study used voxel-based morphometry to identify the brain regions underlying individual differences in trait creativity, as measured by the Williams
creativity aptitude test, in a large sample (n¼246). We found that creative individuals had higher gray matter volume in the right posterior middle
temporal gyrus (pMTG), which might be related to semantic processing during novelty seeking (e.g. novel association, conceptual integration and
metaphor understanding). More importantly, although basic personality factors such as openness to experience, extroversion, conscientiousness and
agreeableness (as measured by the NEO Personality Inventory) all contributed to trait creativity, only openness to experience mediated the association
between the right pMTG volume and trait creativity. Taken together, our results suggest that the basic personality trait of openness might play an
important role in shaping an individual�s trait creativity.
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INTRODUCTION

Creativity is imperative to the progression of human civilization and is

essential to cultural life. It is characterized by the formation of some-

thing that is both novel and useful (Sternberg and Lubart, 1993; Jung

et al., 2013). Throughout the history of human civilization, there have

been many creative individuals, such as Albert Einstein, Thomas Alva

Edison, Sir Isaac Newton, or Charles Dickens, who made outstanding

contributions to society. Eminent creators like these also share certain

personality traits (e.g. curiosity and imagination) and creative cogni-

tion (e.g. divergent thinking) that make them more creative than in-

dividuals who lack of these characteristics (Oldham and Cummings,

1996; Feist, 1998; Piffer, 2012). In fact, creative potential can be sepa-

rated into those aspects related to personality and those related to

cognition (Rhodes, 1961; Gough, 1979; Amabile, 1996; Runco, 2007;

Piffer, 2012). Thus, based on these findings, trait creativity might be a

set of aptitude or personality variables that influence an individual’s

creativity, whereas creative cognition refers to cognitive processes and

metacognitive strategies during creative production, such as divergent

thinking (Satzinger et al., 1999; Zeng et al., 2009). Here, we use struc-

tural magnetic resonance imaging (sMRI) to investigate the brain

structures underlying individual differences in trait creativity.

As early as 1969, Williams suggested a cognitive-affective model of

creativity and developed a corresponding creativity assessment packet

(CAP, Williams, 1969, 1980). The CAP included a divergent thinking

test [similar to the figural Torrance Tests of Creative Thinking

(TTCT)] and a divergent feeling test (including four aptitude elements:

imagination, risk-taking, curiosity and challenge) (Williams, 1993;

Hwang et al., 2007; Liu et al., 2011). The divergent feeling test [also

known as the Williams creativity aptitude test (WCAT); Lin and Wang

(1994)] is a self-report creative personality assessment that is widely

used in creativity studies (Fekken, 1985; Williams, 1993; Chan, 2005;

Claxton et al., 2005; Maker and Schiever, 2005; Cai and Zhu, 2007;

Miller, 2009). Sternberg (1999) also suggested that these aptitudes

(trait creativity) can have an impact on creative problem solving abil-

ity. Studies of creative personality have indicated that trait creativity is

associated with certain personality characteristics, such as norm doubt-

ing, ambition, impulsivity, willing to take risks, autonomy, imagin-

ation, hostility, curiosity and self-confidence (Davis, 1992; Eysenck,

1997; Feist, 1998; Cassandro and Simonton, 2010; Piffer, 2012). In

addition, many studies have investigated the relationship between cre-

ativity [as measured by divergent thinking tests, creative achievement

questionnaires (CAQs) or creative personality assessments] and the

five basic factors of personality [as measured by the NEO Personality

Inventory: openness to experience, conscientiousness, extraversion,

agreeableness and neuroticism (Costa and McCrae, 1992)]. The central

finding is that openness to experience and extraversion are positive

predictors of creativity, whereas neuroticism is a negative predictor of

creativity (McCrae, 1987; Aguilar-Alonso, 1996; King et al., 1996;

Dollinger et al., 2004; Chamorro-Premuzic and Reichenbacher, 2008;

Furnham et al., 2009; Hoseinifar et al., 2011). These findings indicate

that creative potential might be positively related to some basic dimen-

sions of personality (e.g. openness to experience and extraversion).

Recent investigations into creativity have utilized brain imaging

techniques, such as functional MRI (fMRI) and sMRI to study the

neural correlates of creative cognition (for reviews, see Arden et al.,

2010; Dietrich and Kanso, 2010; Jung et al., 2013). To some extent,

previous fMRI studies have indicated that the hippocampus, anterior

cingulate cortex, rostrolateral prefrontal cortex (PFC), right anterior

superior temporal gyrus, parieto-temporal brain regions, precuneus

and inferior occipital gyrus are associated with creative thinking

(Bowden et al., 2005; Fink et al., 2009; Ellamil et al., 2012).

However, there is little overlap in patterns of brain activation reported
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by studies that employed different measures of creative cognition

(Arden et al., 2010; Dietrich and Kanso, 2010; Piffer, 2012).

Further evidence comes from sMRI studies that have explored the

relationships between brain anatomy and creative cognition. These

studies measured brain structure using volume, concentration and

thickness index. For example, Moore et al. (2009) found that the

score of a visuo-spatial divergent thinking task, as measured by the

TTCT, was correlated negatively with the size of the splenium region of

the corpus callosum. In addition, Jung et al. (2010) linked the measure

of divergent thinking [as scored by composite creativity index (CCI)]

and CAQ to cortical thickness. Their results showed that the left lin-

gual gyrus, right cuneus, right inferior parietal gyrus, right angular

gyrus and fusiform gyrus were negatively correlated with CCI, whereas

the right posterior cingulate was positively correlated with CCI. In

addition, the right angular gyrus was associated positively with CAQ

score whereas the left lateral orbitofrontal gyrus was associated nega-

tively with the CAQ score. Takeuchi et al. (2010b) also found positive

correlations between regional gray matter volume (rGMV) and indi-

vidual creativity (as assessed by S-A creativity test) in the right dorso-

lateral PFC (DLPFC), bilateral precuneus, bilateral caudate and right

midbrain regions using voxel-based morphometry (VBM). Gansler

et al. (2011) subsequently found that creative performance on the fig-

ural TTCT to be positively related to the gray matter volume (GMV) of

the right parietal lobe gray matter, which might be related to global

attention and visuo-spatial processing. In sum, brain structures that

have been positively correlated with creativity are the right DLPFC,

right posterior cingulate, right parietal lobe, bilateral caudate and right

midbrain regions (Moore et al., 2009; Jung et al., 2010; Takeuchi et al.,

2010b), whereas brain structures that have been inversely correlated

with creativity are the left lateral orbitofrontal gyrus, lingual gyrus,

inferior parietal gyrus and fusiform gyrus (Jung et al., 2010;

Gansler et al., 2011). Thus, the anatomical correlates of creativity is

not ‘limited to one lobe of the brain, nor to one hemisphere, nor to the

“more is better” notion’ (Jung et al., 2010). Although there have been

inconsistent findings in these studies, both increased and decreased

brain regions might be consistent with the high complexity of

human creativity which requires diverse cognitive abilities (Dietrich,

2004; Dietrich and Kanso, 2010; Takeuchi et al., 2010b; Jung et al.,

2013).

An increasing amount of research has focused on inter-individual

differences in behavior (e.g. those related to stable personality charac-

teristics) and associated variations in brain anatomy using non-inva-

sive sMRI (Jung et al., 2010; Takeuchi et al., 2010a; Kanai and Rees,

2011). Trait creativity is likely to be relatively stable and reliable as

opposed to creative thinking. The examination of anatomical features

using structural imaging may be more efficacious for investigations of

(stable) trait creativity than fMRI. Therefore, this study employs VBM

to identify the anatomical correlates of individual trait creativity, as

measured by the WCAT (Lin and Wang, 1994). In light of previous

neuroscience findings on creativity (Moore et al., 2009; Jung et al.,

2010, 2013; Takeuchi et al., 2010b; Gansler et al., 2011), we hypothe-

sized that individual differences in trait creativity (higher trait creativ-

ity) would be associated with larger volume in the DLPFC a brain

region that has been linked to the inhibition of control (challenge

and risk-taking) (Takeuchi et al., 2010b) and the right posterior su-

perior temporal sulcus, which has been implicated in novelty seeking

(curiosity and imagination) (Knoch et al., 2006; Krain et al., 2006). In

addition, higher trait creativity might be associated with decreased

volume in the lateral orbitofrontal gyrus (novel goal-directed behavior;

Rolls et al., 2005; Jung et al., 2010). We further examine which basic

personality trait (e.g. openness to experience or extraversion) would be

able to mediate the relationship between brain structure and trait

creativity.

MATERIALS AND METHODS

Subjects

In this study, 252 healthy college students (114 men, mean age¼ 21.65

years) from Beijing Normal University (China) participated in this

study. The experimental protocol was approved by the Institutional

Review Board of Beijing Normal University. Written informed consent

was obtained from all participants prior to the experiment. In addition,

participants were paid for their participation.

Two participants were excluded because of incomplete or erroneous

questionnaire data. Four participants were omitted from further ana-

lyses due to excessive artifacts or abnormal brain structure (e.g. un-

usually large ventricles). Therefore, 246 of the students were included

in further analyses (112 men, aged 18–25 years, mean¼ 21.70� 1.02

years; 134 women, aged 19–24 years, mean¼ 21.63� 1.06 years).

Specifically, the majority of the remaining participants (n¼ 230) was

right-handed based on their self-report on handedness and all reported

no history of neurological deficits. Excluding non-right-handedness

participants did not change the correlation between rGMV and

SWCAT (for details, see the Results section). Thus, all the participants

were included in this study.

Assessment of individual trait creativity

Trait creativity was assessed using the test of divergent feelings, which

is part of the CAP developed by Williams (1980). Specifically, this

study utilized the Chinese version of the scale developed by Lin and

Wang (1994) known as the WCAT. This scale, which contains 50 items

(e.g. an item of imagination such as: ‘If the final page of a storybook is

missing, I will make up the story’s ending myself’), provides scores for

imagination, curiosity, challenge and risk-taking. Subjects were asked

to rate the extent to which they agree or disagree with each item on a

six-point Likert scales ranging from strongly disagree to strongly agree.

The total score of the WCAT (SWCAT) was calculated by adding the

responses of the 50 items (the eight reverse item scores were subtracted

from the seven prior in order to obtain the total score). The higher this

score, the higher creative potential. The split half reliability of the

WCAT is 0.41–0.92, the Cronbach alpha coefficient is 0.40–0.87, and

the test–retest reliability is 0.49–0.81 (Hwang et al., 2007). The

Cronbach alpha coefficient in this study was 0.88. In the GMV analysis,

only the total scores were included. The scores for each individual

factor were omitted from this analysis because of the high correlations

among the total scores, the factor scores and inter-factor correlations.

Assessment of personality

The Revised NEO Personality Inventory (NEO-PI-R; Costa and

McCrae, 1992) is a 120-item self-report questionnaire based on the

five-factor model of personality (Digman, 1990; Costa and McCrae,

1995). Respondents are required to indicate (on a five-point Likert

scale) the extent to which they agree or disagree with each statement

(ranging from strongly disagree to strongly agree) (Ortet et al., 2012).

This inventory provides summary scores for five different domains of

personality: neuroticism, extraversion, openness to experience, agree-

ableness and conscientiousness.

Assessment of general intelligence

We used the Raven’s Advanced Progressive Matrix (RAPM; Raven,

1998) to measure participants’ general intelligence (Takeuchi et al.,

2010a, 2011) in order to control for the influence of general intelli-

gence on brain gray matter (Colom et al., 2006; Jung and Haier, 2007;

Takeuchi et al., 2011). This scale contains 36 nonverbal items. For each

item, the participant is required to select the missing piece of a 3� 3

matrix from one of the eight alternatives (Takeuchi et al., 2010b). The
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score of this psychometric test, which is used as an index of individual

intelligence, is equal to the number of correct answers given by par-

ticipants within a 30 min period (Takeuchi et al., 2010a).

Data acquisition

Participants were scanned using a Siemens 3 T scanner (MAGENTOM

Trio, a Tim System) with a 12-channel phased-array head coil located

at the BNU Imaging Center for Brain Research, Beijing, China. sMRI

images were acquired using a 3D magnetization-prepared rapid gradi-

ent-echo T1-weighted sequence (repetition time¼ 2530 ms; echo

time¼ 3.39 ms; inversion time¼ 1100 ms; flip angle¼ 78, field of

view¼ 256� 256 mm). In total, 128 contiguous sagittal slices were

acquired with 1� 1 mm in-plane resolution and 1.33 mm slab thick-

ness for whole brain coverage.

Data preprocessing

VBM was employed to characterize the differences in GMV to deter-

mine the neuroanatomical correlates of behavioral performance across

participants (Ashburner and Friston, 2000). VBM was performed using

Statistical Parametric Mapping version 8 (Wellcome Department of

Imaging Neuroscience, London, UK), with an optimized VBM proto-

col (Good et al., 2001) on T1-weighted structural images. First, image

quality was assessed by visual inspection. A total of four participants,

whose images had excessive scanner artifacts or showed gross anatom-

ical abnormalities, were excluded. Second, the image was reoriented

manually to the anterior commissure for each participant. Third,

images were segmented into four distinct tissue classes, namely gray

matter, white matter, cerebrospinal fluid and everything else (e.g. skull

and scalp) using a unified segmentation approach (Ashburner and

Friston, 2005). Fourth, gray matter images for each participant were

normalized to a study-specific template in MNI152 space using the

Diffeomorphic Anatomical Registration through Exponential Lie alge-

bra (DARTEL) registration method (Ashburner, 2007). The DARTEL

registration involves repetitively computing the study-specific template

based on the average tissue probability maps from all participants

followed by warping all participants’ tissue maps into the generated

template to improve the alignment. Fifth, gray matter voxel values

were modulated by multiplying the Jacobian determinants derived

from the normalization procedure in order to preserve the volume

of tissue in each structure after warping. The modulated gray matter

images were then smoothed with an 8 mm full width at half maximum

isotropic Gaussian kernel. Finally, to exclude noisy voxels, the modu-

lated images were masked using an absolute masking with a threshold

of 0.2. The masked modulated gray matter images were used for fur-

ther statistical analyses.

Statistical analysis

Behavioral data analysis

All behavioral data were analyzed using the statistical software SPSS

13.0 (SPSS Inc., Chicago, IL, USA). Pearson correlations were carried

out to examine the relationships between the SWCAT (total score) and

the WCAT subscale score, the SWCAT and the five NEO-PI-R subscale

scores, the SWCAT and age, and the SWCAT and the RAPM score.

The differences in the SWCAT, RAPM and subscales scores of NEO-

PI-R between males and females were also computed.

MRI data analysis

Statistical analysis of the MRI data was conducted using a general

linear model. To investigate the anatomical correlates of individual

differences in creativity, the SWCAT was entered as the covariate of

interest, whereas the effect of gender, age, the score of RAPM and the

total GMV (tGMV) were treated as the covariates of no interest.

To perform the multiple comparisons correction, the voxel-wise inten-

sity threshold was set at P < 0.005 and a cluster-level threshold was

calculated using the AlphaSim program in AFNI, with Monte Carlo

simulation (Cox, 1996; Ward, 2000). AlphaSim program is one of the

methods for multiple comparison correction combining voxel inten-

sity and cluster extent. Effects were deemed to be significant when the

volume of a cluster was greater than the minimum cluster size on

whole brain GMV (determined using the Monte Carlo simulation;

129 voxels, 1032 mm3), in which case the probability of a type I

error was <0.05. Finally, the results were displayed using FSLviewer

(http://fsl.fmrib.ox.ac.uk/fsl/fslview/). Generally, AlphaSim is widely

used in previous literatures about VBM data analysis (DeYoung

et al., 2010; Schwartz et al., 2010; Ding et al., 2012; Zou et al., 2012;

Farb et al., 2013; Kong et al., 2013; Yang et al., 2013). Although the

results corrected by Monte Carlo simulation might have some limita-

tions reported in the study of Silver et al. (2011), it can provide the

appropriate cluster-level threshold to achieve the desired false-positive

rate.

RESULTS

Behavioral results

The mean, standard deviation and data distribution range for age, the

SWCAT, RAPM scores and NEO-PI-R scores are shown in Table 1.

As the total SWCAT was highly correlated with the WCAT subscale

scores (curiosity: r¼ 0.88, P < 0.001; risk-taking: r¼ 0.81, P < 0.001;

challenge: r¼ 0.87, P < 0.001; imagination: r¼ 0.76, P < 0.001), only

the SWCAT was used as the measure of individual trait creativity in

the VBM analysis.

There were no statistically significant differences between males and

females (Ps > 0.1) in terms of the SWCAT (mean standard deviation

for females was 199.55� 22.75, and for males was 203.21� 17.78,

P¼ 0.159), RAPM scores (females 26.31� 3.60, males 25.41� 4.83,

P¼ 0.106) or NEO-PI-R subscale scores (agreeableness: females

62.48� 7.52, males 61.10� 7.60, P¼ 0.156; conscientiousness: females

60.51� 11.20, males 59.37� 10.50, P¼ 0.411; extraversion: fe-

males 50.84� 9.27, males 49.74� 8.85, P¼ 0.342; neuroticism: females

46.22� 11.77, males 44.77� 11.65, P¼ 0.332; and openness: females

56.37� 9.28, males 57.34� 7.74, P¼ 0.370). Thus, differences in the

distributions of gender, age, RAPM score and NEO-PI-R subscale

scores did not contribute to the gray matter analysis findings.

The Pearson correlation coefficient was calculated, respectively, be-

tween intelligence, age and trait creativity as measured by WCAT. The

results revealed no correlation between the SWCAT and age

(r¼�0.03, P¼ 0.644) as well as between the SWCAT and the

RAPM score (r¼ 0.09, P¼ 0.179). The Pearson correlation coefficient

between the SWCAT and subscale of the NEO-PI-R was also carried

out. The results showed that the scores for the dimensions of conscien-

tiousness (r¼ 0.18, P¼ 0.004) and extraversion (r¼ 0.31, P < 0.001)

were weakly but significantly positively correlated with the SWCAT.

However, there was a stronger positive correlation between openness

to experience and the SWCAT (r¼ 0.53, P < 0.001), which suggests a

closer relationship between openness to experience and trait creativity

as opposed to conscientiousness and extraversion as measured by the

WCAT.

Structural imaging results

Correlation between rGMV and the SWCAT

We investigated the association between brain structure, measured in

terms of GMV, and creativity (the SWCAT). Gender, age, the score of

RAPM and tGMV of individual brains were included as covariates of

no interest and regressed out. The multiple regression analysis revealed
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that the SWCAT was significantly positively correlated with rGMV in a

cluster that mainly included areas in the right posterior middle tem-

poral gyrus (pMTG) and extended to the inferior temporal gyrus

(ITG) (see Figure 1 for the peak coordination regions). In addition,

significant negative correlations were found between the SWCAT and

rGMV in (i) a cluster that mainly included areas in the right precentral

gyrus (PCG) and extended to the posterior middle frontal gyrus

(pMFG), and (ii) a cluster that mainly included regions in the left

lateral orbitofrontal cortex (OFC) (Figure 2). There was no significant

difference between these brain regions in terms of gender. Information

regarding the regions that were (positively or negatively) correlated

with the SWCAT is shown in Table 2.

Moreover, we examined these areas showing an association between

rGMV and trait creativity as measured by WCAT after excluding all

participants who were not right-handed (n¼ 16). After controlling for

age, sex and score of RAPM, the regression analysis revealed that the

results using data from only right-handedness were similar to those

using data from all participants. The statistical values and coordinates

of the peak voxel in the right pMTG positively correlated with WCAT

change as x, y, z¼ 64, �40, �10, z¼ 3.33. The statistical values and

coordinates of the peak voxel in the PCG and the OFC that inversely

correlated with WCAT were as follows: x, y, z¼ 44, –6, –44, z¼ 4.48; x,

y, z¼�24, 22, �16, z¼ 4.18. Although there were small variations in

cluster size, significant regions were identical to those identified in the

whole sample analyses (n¼ 246). These results might support the view

that there was no direct relationship between right- or left-handedness

and creativity (Shobe et al., 2009). In the future, the handedness-spe-

cific relationship between rGMV and creativity needs to be investigated

further.

Openness to experience mediated the relationship between
brain structure and the SWCAT

To test our hypothesis about the relationship between personality, trait

creativity and brain structure, we first examined the association be-

tween personality factors (neuroticism, extraversion, openness, agree-

ableness and conscientiousness) and GMV in clusters that correlated

trait creativity (pMTG, OFC and PCG), with gender, age, intelligence

and tGMV as covariates. As expected, we found that openness was

positively correlated with the right pMTG cluster (r¼ 0.22,

P < 0.001) and negatively correlated with the OFC cluster (r¼�0.13,

P¼ 0.040). All other personality factors showed no significant correl-

ation with these clusters. This indicated a closer association among

openness, trait creativity and brain structure compared with other

personality dimensions.

The results above indicated that openness, trait creativity and brain

structure were linked closely to one another. But the role of openness

in the relationship between the rGMV in the right pMTG or OFC and

creativity remains unknown. So, as a second step, we examined the

association between the GMV in the right pMTG or OFC and trait

creativity while controlled openness personality factor. The results

indicated that there was no significant correlation between the right

pMTG and SWCAT (P¼ 0.067), whereas the association between the

OFC and SWCAT did not change (P¼ 0.006). This indicated a partial

role of openness between the rGMV in the right pMTG and trait

creativity.

To establish whether in fact this was the case, a mediation analysis

was then conducted using an INDIRECT macro implemented in SPSS

(Preacher and Hayes, 2008) to examine whether openness mediated

the relationship between brain structure and trait creativity. While

adding gender, age, the score of RAPM and tGMV of individual

Fig. 2 Brain regions that negatively correlated with the SWCAT. The PCG (A) and OFC (B), for which
rGMV was negatively correlated with the SWCAT after adjusting for gender and tGMV. The significant
cluster is shown at P < 0.05 (corrected by the AlphaSim program in AFNI with a combined threshold
of P < 0.005 for each voxel and a cluster size > 129 voxels). The corresponding partial correlation
scatterplot illustrates this relationship (for display purposes only). The x-axis of the scatterplot
represents the total WCAT score and the y-axis represents standardized residuals of the GMV. For
standardized residual measures, gender and tGMV were regressed out. Statistical inference was based
on the multiple comparison correction using the 3dClustSim (AFNI) program.

Fig. 1 Brain regions that positively correlated with the SWCAT. (A) The right pMTG in which rGMV
was significantly positively correlated with the SWCAT after adjusting for gender and tGMV. The
significant cluster is shown at P < 0.05 (corrected by the AlphaSim program in AFNI with a combined
threshold of P < 0.005 for each voxel and a cluster size > 129 voxels). (B) The corresponding partial
correlation scatterplot illustrates this relationship (for display purposes only). The x-axis of the
scatterplot represents the total WCAT score and the y-axis represents standardized residuals of
GMV. For standardized residual measures, gender and tGMV were regressed out. Statistical inference
was based on the multiple comparison correction using the 3dClustSim (AFNI) program.

Table 1 Participant demographics (N¼ 246; men¼ 112, women¼ 134)

Measure Mean s.d. Range

Age 21.66 1.04 18–25
SWCAT 201 20.67 129–276
RAPM 26 4.22 5–35
NEO-PI-R

Agreeableness 62 7.57 40–86
Conscientiousness 60 10.88 32–87
Extraversion 50 9.08 24–77
Neuroticism 46 11.71 13–75
Openness to experience 57 8.61 29–86

N, number; s.d., standard deviation.
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brains as covariates in the model, the mediation analysis showed that

there was no significant effect of the right pMTG GMV on trait cre-

ativity (�¼ 0.13, P¼ 0.067) after including openness as a mediator in

the model. In contrast, the direct relationship was significant (�¼ 0.27,

P < 0.001). Bootstrap simulation (n¼ 10 000) further confirmed that

this reduction (i.e. the indirect effect through openness) was statistic-

ally significant (P < 0.05) with 95% confidence interval range from 0.07

to 0.24. That is, the mediation analysis confirmed our notion that the

personality trait of openness partially mediated the correlation between

the right pMTG volume and trait creativity (Figure 3).

DISCUSSIONS

In this study, we investigated the associations between brain structure

and individual trait creativity as measured by the WCAT. Behavioral

results showed that the total score of WCAT was related to three do-

mains of personality: openness to experience, conscientiousness and

extraversion. VBM results showed that the rGMV of the right pMTG/

ITG (BA21) was positively correlated with individual trait creativity,

whereas the rGMV of the right PCG/pMFG (BA6) and the left lateral

OFC (BA47) were inversely correlated with individual trait creativity.

Interestingly, we found that openness to experience (as measured using

the NEO-PI-R) partially mediated the relationship between the rGMV

of right pMTG and trait creativity. These results indicate that the

specific personality trait of openness to experience might play an im-

portant role in shaping an individual’s trait creativity.

The relationship between creativity and personality has received a

great deal of attention for a long time (Woodman, 1981; Feist, 1998;

Ma, 2009). Obviously, certain cognitive ability and personality char-

acteristic would modulate individual differences in creativity (Gibson

et al., 2009). Specifically, numerous studies consistently revealed that

creativity had a positive association with openness to experience

(McCrae, 1987; King et al., 1996; Dollinger et al., 2004; Carson

et al., 2005; Miller and Tal, 2007). For example, Feist (1998) found

that openness to experience was a distinguishing feature of creative

people by contrasting scientists and nonscientists, more creative and

less creative scientists, as well as artists and non-artists. In addition,

conscientiousness had a positive relationship with scientific perform-

ance and a negative one with artistic performance (Feist, 1999). As

early as 1987, McCrae (1987) investigated the associations between

creativity as measured by Creative Personality Scale (CPS; Gough,

1979) and personality and found a stronger relation between CPS

score and openness than between CPS score and extraversion/con-

scientiousness. Moreover, King et al. (1996) found individual creative

ability as measured by TTCT verbal test also positively correlated with

openness and extraversion. In this study, the strong correlation be-

tween SWCAT and openness (0.53) was also consistent with these

previous findings (Feist, 1998), and indicated that conscientiousness

and extraversion might indeed be important personality variables that

influence an individual’s creativity.

It is suggested that increased rGMV in the right pMTG/ITG may

contribute to higher trait creativity (e.g. curiosity and imagination)

through ‘semantic processing’ functions that are associated with this

region (Dronkers et al., 2004; Binder et al., 2009; Turken and

Dronkers, 2011). That is, greater rGMV in the right pMTG in subjects

with higher SWCAT might aid the generation of novel, unique con-

nections between ideas. Many previous studies have indicated that the

lateral temporal cortex (including the right pMTG) might play key

roles in semantic processing such as metaphor understanding (the

right posterior middle/superior temporal gyrus) (Goel and Dolan,

2001; Cardillo et al., 2012), semantic representation and control

(Badre et al., 2005; Whitney et al., 2011), conceptual integration and

comprehension (pMTG) (Hickok and Poeppel, 2004; Turken and

Dronkers, 2011), and novel association (the right posterior superior

temporal sulcus) (Jung-Beeman et al., 2004; Kröger et al., 2012). In

addition, Abraham et al. (2012) have recently stated that divergent

thinking could involve brain regions implicated in declarative

memory and semantic cognition, such as the lateral inferior temporal

cortex (BA 20/21), hippocampus and medial PFC (Cappa, 2008;

Binder et al., 2009). Thus, our results indicate that individual differ-

ences in trait creativity (e.g. curiosity and imagination) might be linked

with rGMV variations in the right pMTG.

In 2005, Kaasinen et al. (2005) showed a positive correlation be-

tween rGMV in the temporal, parietal and frontal cortices, and self-

transcendence as measured using the Temperament and Character

Inventory. High scores on self-transcendence are related to open, un-

usual and divergent thoughts, which might be similar to curiosity and

imagination (novelty seeking), and their results suggested that high

self-transcendence might be associated with relatively greater rGMV

in the middle temporal region (Kaasinen et al., 2005). Chávez-Eakle

et al. (2007) also found that subjects with high creative performance

(originality, fluency and flexibility) showed greater cerebral blood flow

in the ITG. In addition, investigations of word-generation found that

the posterior temporal cortex might be related to object-concept rep-

resentations and object category retrieval (novel ideas generation;

Martin and Chao, 2001; Dobbins and Wagner, 2005). Moreover,

Whitney et al. (2011) also indicated that the right posterior temporal

gyrus might be related to semantic representation and control during

ambiguous semantic associations. Based on these findings, and our

own results, we suggest that higher trait creativity (e.g. curiosity and

imagination) might be associated with enhanced semantic processing

skills (e.g. novel association and conceptual expansion), which may be

positively correlated with the rGMV in the pMTG.

Moreover, lower rGMV in the PCG/pMFG (BA 6) and OFC (BA 47)

in subjects with higher trait creativity might be associated with reduced

response inhibition and increased intuitive thinking, leading to chal-

lenge and risk-taking, which are two characteristics of trait creativity.

Table 2 Brain regions significantly correlated with the SWCAT

Brain regions H BA Peak coordination (MNI) Cluster
volume
(mm3)

Z

x y z

Positive correlation
Middle temporal gyrus/ITG R 21 64 �38 �10 1176 3.59

Negative correlation
PCG/middle frontal gyrus R 6 44 �6 44 1720 4.00
OFC/inferior frontal gyrus L 47 �24 22 �16 1064 4.03

H, hemisphere; L, left; R, right; BA, Brodmann area.

Fig. 3 Mediation analysis: the personality trait of openness to experience partially mediated the
correlation between the rGMV of right pMTG and trait creativity.
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The PCG/pMFG (sometimes named the ‘inhibitory motor area’)

(Kreitzer and Malenka, 2008; Brass et al., 2009; Kozasa et al., 2012)

has been implicated in tasks that require stimulus-response associ-

ations. Westerhausen et al. (2010) also provided evidence that the

PCG/pMFG might be involved in the top-down control of attention

processes (e.g. conflict-resolution, top-down and bottom-up process-

ing bias integration) (Dwyer et al., 2009; Hill and Miller, 2010; Gautam

et al., 2011). The MFG might also play a role in working memory

during the manipulation of actively maintained information (Bunge

and Zelazo, 2006; Woodward et al., 2006; DeYoung et al., 2010). These

findings suggest that the reduced rGMV in the PCG/pMFG revealed in

this study might be associated with reduced inhibition control, which

may be associated with particular characteristics of higher trait creativ-

ity such as challenge and risk-taking. Additionally, a recent study

found that the premotor region was a critical region for goal-directed

actions (Gremel and Costa, 2013). Other fMRI studies also indicated

that the premotor cortex is involved in diverse creative activities

(Bengtsson et al., 2007; Chávez-Eakle et al., 2007; Aziz-Zadeh et al.,

2012). In addition, Mostofsky et al. (2002) found that boys with at-

tention-deficit/hyperactivity disorder (ADHD), which were known for

being excessively impulsive, hyperactive and off-task (inattentive), had

decreased volume in the premotor cortex. That is, decreased GMV in

the PCG/pMFG might be associated with challenge and risk-taking

actions during goal-directed process.

The OFC has been found to be related to the motivational control of

goal-directed behavior (OFC activity signaled the expected rewards/

punishments of a choice) (Decety et al., 2004; Schoenbaum et al.,

2009; Plassmann et al., 2010), reversal learning (brain activations in

the OFC reflected the disparity between the expected reward/punish-

ment and the actual reward/punishment) (Schoenbaum and Roesch,

2005; Rudebeck and Murray, 2008; Tsuchida et al., 2010), and auto-

nomic function (inhibitory and excitatory) regulation (Cavada and

Schultz, 2000). For example, some disorders of executive functioning

and impulse control, such as obsessive–compulsive disorder and tri-

chotillomania, may be affected by dysregulation within the OFC

(Tekin and Kircaali-Iftar, 2002; Menzies et al., 2008; Chamberlain

et al., 2009). In addition, Jung et al. (2010) found that higher creative

achievement (as measured using the CAQ) was associated with lower

left lateral orbitofrontal volume, which might be related to novel goal-

directed behavior (Rolls et al., 2005). Recently, Takeuchi et al. (2012)

also found that an individual’s need for uniqueness (associated with

the intrinsic satisfaction derived from the individual’s perception of

themselves as different from the masses) was correlated with smaller

rGMV in the right inferior frontal gyrus and the ventral part of the

PCG, which might be related to reduced response inhibition function.

In fact, the OFC projects to the inferior frontal gyrus (Area 47) and

belongs to the ventro-lateral PFC (VLPFC). Many previous studies

have observed that the VLPFC is critical for creativity (Goel and

Vartanian, 2005; Qiu et al., 2010). Specifically, the VLPFC is a brain

region extending from the anterior premotor cortex (BA 6) to the

posterior frontal pole (BA 10), which had been implicated in cogni-

tively controlled access to relevant information from semantic memory

(Petrides and Pandya, 2002; Croxson et al., 2005). Together, our results

and those of previous studies suggest that reduced rGMV in the PCG/

pMFG and the OFC might be associated with increased intuitive think-

ing and risk-taking actions (reduced response inhibition and novel

goal-directed behavior), and disrespect for social customs and rules.

Interestingly, this study found that openness to experience (a di-

mension of the NEO-PI-R) can partially mediate the relationship be-

tween the rGMV of the right pMTG and trait creativity (as measured

using the WCAT). However, this mediation effect was not observed for

the other factors of personality, such as extraversion and conscien-

tiousness, which were also correlated with the SWCAT. Many previous

studies have indicated that openness to experience is a stable person-

ality factor and that is strongly related to creativity in the real world

(Funder, 2001; Hu et al., 2011; Taki et al., 2013). For example, Soldz

and Vaillant (1999) found that openness to experience scores were

significantly correlated across 45 years in a sample of men. Our be-

havioral data also showed that the score for openness to experience had

a strongly significant correlation with the SWCAT. Based on previous

findings (Graziano and Ward, 1992; Fleeson, 2001; Lee et al., 2005), we

suggest that openness to experience might induce some particular pat-

terns of cognitive processing associated with intuition, imagination,

curiosity and fantasy through ‘semantic processing’ functions related

to the right pMTG (Dronkers et al., 2004; Binder et al., 2009; Turken

and Dronkers, 2011). That is, the basic personality features related to

the trait of openness to experience might play an important role in

shaping an individual’s trait creativity. Although we cannot determine

the direction of causation between openness to experience, trait cre-

ativity (based on the SWCAT) and the right pMTG volume, it might

be hypothesized that the openness to experience capacity (which is

stable and enduring in healthy adults) is associated with characteristics

of trait creativity (e.g. curiosity, imagination and intuitive thinking),

which enhances creative thinking and creative achievement. On the

basis of this hypothesis, one could infer that the cultivation of the

basic personality features of openness to experience in children and

adolescents may increase an individual’s trait creativity and, thereby,

facilitate divergent thinking and creative achievement.

CONCLUSION

This study used VBM to identify the GMV correlates of individual trait

creativity as measured by the WCAT. We found a positive correlation

between rGMV in the right pMTG and the SWCAT. In addition,

rGMV in the PCG/pMFG and the OFC were negatively correlated

with the SWCAT. These results indicate that higher trait creativity

might be related to enhanced curiosity, imagination, challenge and

risk-taking facilitated by semantic processing skills and reduced inhib-

ition control. In addition, we found that openness to experience par-

tially mediated the relationship between the right pMTG volume and

trait creativity. This specific personality trait may therefore play an

important role in shaping an individual’s trait creativity. However,

because we used young healthy college students with a high-level of

education and mainly included right-handedness, our interpretations

may have some limitations. In addition, we cannot determine the dir-

ection of causation between openness to experience, trait creativity and

the right pMTG volume. The implementation of longitudinal or inter-

vention studies may help to elucidate the complex relationships be-

tween openness to experience, trait creativity and brain structure

further.
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