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A B S T R A C T

Nearly everyone has the ability for creative thought. Yet, certain individuals create works that propel their fields,
challenge paradigms, and advance the world. What are the neurobiological factors that might underlie such
prominent creative achievement? In this study, we focus on morphometric differences in brain structure between
high creative achievers from diverse fields of expertise and a ‘smart’ comparison group of age-, intelligence-, and
education-matched average creative achievers. Participants underwent a high-resolution structural brain imaging
scan and completed a series of intelligence, creative thinking, personality, and creative achievement measures.
We examined whether high and average creative achievers could be distinguished based on the relationship
between morphometric brain measures (cortical area and thickness) and behavioral measures. Although partic-
ipants’ performance on the behavioral measures did not differ between the two groups aside from creative
achievement, the relationship between posterior parietal cortex morphometry and creativity, intelligence, and
personality measures depended on group membership. These results suggest that extraordinary creativity may be
associated with measurable structural brain differences, especially within parietal cortex.

1. Introduction

What are the cognitive and neural processes underlying extraordinary
creative achievement? Within the burgeoning field of the neuroscience of
creativity, much recent research has examined the brain mechanisms
enabling creative thought (Beaty et al., 2015a, 2018; Kounios and Bee-
man, 2014; Mayseless et al., 2015; Pinho et al., 2016). This growing body
of work supports the view that creativity—the ability to produce ideas
deemed both novel and useful (Simonton, 2012)—involves ordinary
cognitive processes such as memory (Abraham, 2014; Abraham and
Bubic, 2015; Abraham et al., 2012; Chrysikou and Thompson-Schill,
2011; Kenett, 2014), attention (Benedek et al., 2014; Zabelina, 2018)
and executive function (Chrysikou, 2019; Chrysikou et al., 2014; Gone-
n-Yaacovi et al., 2013; Mayseless et al., 2014; Mayseless and
Shamay-Tsoory, 2015; Zabelina and Ganis, 2018). On the other hand, it
remains unclear whether these same ordinary cognitive and neural
mechanisms are engaged in similar ways in support of extraordinary

creativity. Only a handful of investigations to date have focused on the
possible neural differences between exceptional (sometimes referred to
as ‘big C’) creativity and everyday (sometimes referred to as ‘little c’)
creativity (Kaufman and Beghetto, 2009) and their potential importance
for our understanding of creative thought.

One of the first studies exploring this question focused on possible
neural differences in brain activation among exceptionally creative par-
ticipants (4 artists and 3 scientists) while they performed a free word
association task during functional magnetic resonance imaging (fMRI;
the Iowa Study of Creative Genius; (Andreasen and Ramchandran, 2012).
Notwithstanding the small sample sizes, the results suggested no signif-
icant differences between the two exceptionally creative groups, with the
task eliciting predominantly left hemisphere activity. An influential study
of professional jazz musicians during improvisation showed that relative
to well-practiced music sequences, expert jazz musicians showed a
transient hypofrontal neural profile during improvisation, compared to
novice participants (Limb and Braun, 2008), and these results have been
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3.2. Morphometry results

We examined the relationships between the behavioral and
morphometric measures separately for the high- and average-creative
achievement groups. Significant main effects of group were observed
(Wald-χ2 ¼ 5.61; p ¼ 0.018) for CAQ scores, with the high-creative
achievement group having significantly greater surface area in the
right postcentral gyrus (Wald-χ2 ¼ 4.54; p ¼ 0.033), and bilateral supe-
rior parietal area (Wald-χ2 ¼ 8.97; p ¼ 0.003). The high-creative
achievement group had significantly greater surface area in the left
(Wald-χ2 ¼ 7.44; p ¼ 0.006) and right (Wald-χ2 ¼ 5.75; p ¼ 0.017) su-
perior parietal gyri than the average-creative achievement group (Fig. 1).

Significant main effects of group were observed (Wald-χ2 ¼ 7.51; p ¼
0.006) with the high-creative achievement group having significantly
greater thickness in the right caudal anterior cingulate gyrus (Wald-χ2 ¼
8.51; p ¼ 0.004), and the banks of the superior temporal sulcus thickness
(Wald-χ2 ¼ 4.03; p ¼ 0.045). The high-creative achievement group had
significantly greater thickness in the left banks of the superior temporal
sulcus (Wald-χ2 ¼ 7.19; p ¼ 0.007) in relation to mental rotation scores
(Fig. 2). Additionally, a significant main effect of group (Wald-χ2 ¼ 4.62;
p ¼ 0.032) was found, with the high-creative achievement group’s
divergent thinking scores being related to less surface area in the left
(Wald-χ2¼ 7.42; Wald-χ2¼ 0.006) and right (Wald-χ2¼ 5.91; p¼ 0.015)

transverse temporal gyrus (Fig. 3). Lastly, significant main effect of group
was observed (Wald-χ2 ¼ 4.15; p ¼ 0.042) with the high-creative
achievement group’s Raven’s total score being related to less surface
area (compared to the average-creative achievement group) in the left
(Wald-χ2 ¼ 5.12; p ¼ 0.24) and right (Wald-χ2 ¼ 4.41; p ¼ 0.36) para-
central gyrus (Fig. 4). The openness to experience and vocabulary total
generalized linear models were not significant, all p’s > 0.1.

4. Discussion

The ability for creative thought is broadly considered a hallmark of
human cognition. Yet, a considerable number of innovative ideas that
have changed the world are attributed to a small group of exceptionally
creative individuals. Few cognitive neuroscience studies have examined
the neurobiological processes that might be associated with extraordi-
narily high creative achievement and no work to date has explored
morphometric variation with regards to exceptional creativity. To
address this research gap, we examined morphometric differences in
brain structure between high-creative achievers (as determined by their
CAQ score) from diverse fields of expertise and a ‘smart’ comparison
group of age-, intelligence-, and education-matched average-creative
achievers. In line with past literature on particularly prominent creators
in the arts and sciences (e.g., Andreasen and Ramchandran, 2012;

Fig. 1. Statistical maps showing the high-creative achievement group (red) with significantly greater surface area than the average-creative achievement group (blue)
in the left (A) and right (B) superior parietal gyrus and (C) the right postcentral gyrus in relation to CAQ; L ¼ left, R ¼ right.
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Japardi et al., 2018) we did not find behavioral differences between the
high- and average-creative achievement groups on any of the intelli-
gence, personality, and divergent thinking measures. In contrast, despite
our modest sample size, high- and average-creative achievers could be
distinguished based on the relationship between morphometric brain
measures (cortical area and thickness) and behavioral measures. Spe-
cifically, high-creative achievers had significantly greater cortical surface
area in the bilateral superior parietal gyrus and in the right postcentral
gyrus in relation to CAQ scores relative to average-creative achievers,
whereas they had significantly smaller cortical surface area in the left and
right transverse temporal gyrus in relation to divergent thinking total
scores than the average-creative achievement group. With regards to
mental rotation and reasoning performance, the high-creative achievers
showed increased cortical thickness in the left bank of the superior
temporal sulcus and in the right caudal anterior cingulate gyrus in rela-
tion to mental rotation scores, whereas they showed smaller cortical
surface area in the paracentral gyrus bilaterally in relation to Raven’s
progressive matrices scores.

These results suggest that extraordinary creativity might be man-
ifested in measurable structural brain differences between high- and
average-creative achievers, especially within posterior parietal and su-
perior temporal cortex. Indeed, the relationship between neuroanatom-
ical characteristics and extraordinary creative accomplishments appears
to track—to an extent—similar relationships observed in the general
population. Past studies examining morphometric differences in

association to creative achievement in typical young student samples
have shown that individuals with higher CAQ scores exhibited lower
cortical thickness in the left lateral orbitofrontal gyrus and higher cortical
thickness in the right angular gyrus (Jung et al., 2010). Increased scores
on the CAQ have further been associated with increased cortical volume
in the superior frontal gyrus and ventromedial prefrontal cortex and
decreased volume in the anterior cingulate cortex (Chen et al., 2014),
relationships that have been shown to vary by field of expertise (e.g., Shi
et al., 2017). Here, we used the CAQ to determine the creative achieve-
ment status of our participants, and subsequently examined morpho-
metric differences in association to behavioral performance in a series of
intelligence, creativity, and personality measures. Our results showed
increased cortical thickness in posterior parietal cortex with increased
creative achievement, as measured by CAQ scores. Further, our analysis
revealed that when brain morphometry is directly related to task per-
formance (relative to self-reports of creative achievement as in past
studies) smaller cortical surface area in superior temporal cortex bilat-
erally was linked to higher divergent thinking scores in the high-creative
achievement group. Our findings are partially aligned with past studies
with different samples that have generally shown higher cortical thick-
ness in posterior parietal cortex and lower cortical thickness in medial
frontal areas in association to self-report creativity measures (e.g., Jung
et al., 2010; Wertz et al., in press), although the lower cortical surface
area effect in the present study was in transverse temporal (not frontal)
cortex. We interpret the increased cortical thickness in the posterior

Fig. 2. Statistical maps showing the high-creative achievement group with significantly greater cortical thickness than the average-creative achievement group in (A)
the left bank of the superior temporal sulcus (bankssts) and (B) the right caudal anterior cingulate gyrus in relation to mental rotation scores; L ¼ left, R ¼ right.
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parietal cortex areas we observed in relation to higher scores on the CAQ
to reflect the consistent and continuous engagement of these posterior
networks (typically considered key regions within the DMN) in the ser-
vice of extraordinary creative achievement (cf., Beaty et al., 2017; Jung
et al., 2013). We note that some of the variability in these results may be
attributed to differences between behavioral assessments of divergent
thinking that are dynamic measures of performance, as opposed to static
checklists of factual accomplishments like the CAQ. These results might
have further been impacted by the relatively modest sample size and the
difference in total number of participants between the two groups, which
is attributed to the difficulties of conducting a complex neuroimaging
experiment in a special population. We further note that our participants
in the present study were significantly older relative to the samples tested
in past work that have mainly included healthy young adults (e.g., Wertz
et al., in press). Age has been shown to be a factor that influences brain
morphometry and may well have interacted with high-creative
achievement in the present study (e.g., Menari et al., 2013). Future
studies could explore further this possibility by examining highly creative
achievers who are younger and resemble the characteristics of samples
used in past work.

We speculate that the increased cortical surface area observed in
relation to mental rotation scores for the high-relative to the average-
creative achievement group might suggest the potential contribution of
visuospatial thinking processes to exceptional creative performance,
although much additional work is required to explore further this po-
tential relationship. In contrast, our results showed that higher Raven’s
progressive matrices total scores were associated with less cortical

surface area in the paracentral gyrus bilaterally in the high-creative
achievement group. The negative correlations between brain
morphometry and reasoning measures in the high-creative achievement
group, notwithstanding the absence of behavioral effects, could reflect
higher efficiency in the employment of neural resources with attendant
lower plasticity in that group (e.g., Jung et al., 2010), although future
research is invited to examine this relationship further with a broader set
of measures and larger sample sizes. Again, research regarding potential
overlap between neural networks supporting intellectual and creative
efficiency is required to determine whether these are isomorphic and/or
interact in meaningful ways within creative cohorts (Neubauer and Fink,
2009; Jung et al., 2010).

5. Conclusions

This study is the first to examine morphometric brain differences in
exceptionally high creativity.

We investigated relationships between neuroanatomy and perfor-
mance in a series of behavioral measures, including divergent thinking,
personality, and intelligence assessments in a group of high-creative
achievers from diverse fields of expertise, who were compared to an
intelligence-matched control group. Despite the absence of behavioral
differences between the high- and average-creative achievement groups,
increased cortical thickness in posterior parietal cortex and decreased
surface area in superior temporal cortex were positively associated with
creative achievement and divergent thinking scores. These results point
to the potential of structural neuroimaging studies to further elucidate

Fig. 3. Statistical maps showing the high-creative achievement group with significantly thinner cortical surface area than the average-creative achievement group in
the (A) left and (B) right transverse temporal gyrus in relation to divergent thinking total scores; L ¼ left, R ¼ right.
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the neural underpinnings of creative thought.
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