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1 | INTRODUCTION

Roger E. Beaty® | Jiang Qiu'?

Abstract

Whether creativity is a domain-general or domain-specific ability has been a topic of
intense speculation. Although previous studies have examined domain-specific mech-
anisms of creative performance, little is known about commonalities and distinctions
in neural correlates across different domains. We applied activation likelihood esti-
mation (ALE) meta-analysis to identify the brain activation of domain-mechanisms by
synthesizing functional neuroimaging studies across three forms of artistic creativity:
music improvisation, drawing, and literary creativity. ALE meta-analysis yielded a
domain-general pattern across three artistic forms, with overlapping clusters in the
presupplementary motor area (pre-SMA), left dorsolateral prefrontal cortex, and right
inferior frontal gyrus (IFG). Regarding domain-specificity, musical creativity was asso-
ciated with recruitment of the SMA-proper, bilateral IFG, left precentral gyrus, and
left middle frontal gyrus (MFG) compared to the other two artistic forms; drawing
creativity recruited the left fusiform gyrus, left precuneus, right parahippocampal
gyrus, and right MFG compared to musical creativity; and literary creativity recruited
the left angular gyrus and right lingual gyrus compared to musical creativity. Contra-
sting drawing and literary creativity revealed no significant differences in neural acti-
vation, suggesting that these domains may rely on a common neurocognitive system.
Overall, these findings reveal a central, domain-general system for artistic creativity,

but with each domain relying to some degree on domain-specific neural circuits.

KEYWORDS
activation likelihood estimation, artistic creativity, literary creativity, musical improvisation,

visual art

incompletely defined. One reason relates to variability in how creativ-

ity is defined, leading to heterogeneity of measurement and evalua-

Over the past few decades, a growing number of studies have
employed neuroimaging techniques to explore cognitive and brain
mechanisms of creative and artistic performance. Despite some pro-

gress, however, the neural mechanisms of creativity remain

tion across multiple domains of performance. Previous studies
suggest that a wide range of brain regions are recruited during differ-
ent creative thinking tasks, such as divergent thinking, artistic creativ-

ity, and insight, raising questions about the existence of a domain-
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general neurocognitive system for creative thinking, beyond diffuse
prefrontal activation (Dietrich & Kanso, 2010; Sawyer, 2011). On the
other hand, recent reviews and research point to some consistent
findings across different creative tasks and domains at the level of
large-scale brain network dynamics (Beaty, Benedek, Silvia, &
Schacter, 2016), such as verbal creativity (e.g., divergent thinking) and
artistic improvisation, which have shown similar patterns of functional
connectivity between executive control network (ECN) and default
network (DN). To some extent, these findings point to the possibility
that creative thinking involves both domain-general and domain-
specific neural resources. In this review, we aim to provide clarity on
the contribution of such general and specific brain systems in diverse
domains of artistic creativity.

1.1 | Artistic creativity

Artistic creativity refers to an ability of individuals to produce novel,
appropriate, and esthetically artistic products (Abraham, 2018), and it
comprises a range of actions across different fields, such as music
improvisation, drawing creativity, and literary creativity. All forms of
artistic creativity reflects the expression of new ideas, in which the
mental processing during artistic creation is related to the ability to
connect weak and remote elements/concepts in a novel and appropri-
ate way (Mednick, 1962). Given that all creative domains require the
production of new ideas, it would seem plausible to identify common
(i.e., domain-general) brain systems by synthesizing neuroimaging
findings across different fields of artistic creativity. This approach
offers a promising means to clarify the core processes of creative
thinking by exploring common and distinct neural correlates across
diverse creative actions. Here, we focus on three domains of artistic
creativity—musical creativity (improvisation), drawing creativity, and
literary creativity. Neuroimaging research of creativity has focused on
these domains of artistic performance because they are relatively
amenable to the MRI scanner environment, and the output of partici-
pants can be collected and quantified using novel fMRI-compatible
equipment. Here, we use meta-analytic neuroimaging to test whether

each domain is supported by common and/or distinct brain regions.

1.1.1 | Musical creativity

Musical creativity mainly includes two forms: musical composition and
musical improvisation (Deliege & Wiggins, 2006). Both involve the
creation of novel and unique melodies, harmonies, and rhythms,
within the constraints and conventions of a musical tradition (Brown,
Martinez, & Parsons, 2006; Zatorre, Chen, & Penhune, 2007). In neu-
roimaging studies, musicians are typically asked to use MR-compatible
instruments to compose a novel melodic or rhythmic improvisation in
real-time, which is often compared to a condition requiring repeated
performance of a familiar melody. Besides, jazz is one typical form of
musical improvisation, in which musicians compose on the spot by

assembling melodic, harmonic, and rhythmic elements (Limb &

Braun, 2008). Several studies have shown that improvisation is associ-
ated with the right lateral prefrontal cortex (including the inferior
frontal gyrus [IFG] and left dorsolateral prefrontal cortex [DLPFC]),
supplementary motor area, premotor cortex, lateral temporal cortex,
and insula (Bengtsson, Csikszentmihalyi, & Ullen, 2007; Brown
et al., 2006; Villarreal et al., 2013). Some researchers emphasize that
novel ideas during improvisations are mediated by deactivation of the
lateral prefrontal cortex, reflecting reduced inhibitory control or self-
monitoring and presumably facilitating spontaneous cognition condu-
cive to creative generation (Limb & Braun, 2008; Liu et al., 2012). In
contrast, other studies on musical improvisation show increased pre-
frontal cortex engagement, including studies requiring musicians to
improvise based on specific emotional cues (e.g., happy/fearful emo-
tional content; Pinho, Ullen, Castelo-Branco, Fransson, & de
Manzano, 2016) and studies examining brain plasticity induced by
long-term musical training (Herholz & Zatorre, 2012; Pinho, de
Manzano, Fransson, Eriksson, & Ullen, 2014). These discrepant pre-
frontal findings raise questions about the role of cognitive control in
musical improvisation.

Investigations of musical improvisation have also focused on the
role of expertise. Some researchers have suggested that improvising
musicians may be better able to suppress stimulus-driven attention
and to exert less stringent evaluation during the creative process, thus
expanding attentional scope and allowing more extraneous informa-
tion to enter the processing system to produce novel melodies and
rhythms (Berkowitz & Ansari, 2008; Pinho et al., 2014). For example,
Pinho et al. (2014) found that the duration of improvisation experi-
ence was negatively associated with activity in prefrontal cortex
(e.g., DLPFC). In addition, these same prefrontal regions showed
increased functional connectivity with premotor areas, extending prior
work linking prefrontal and premotor regions to melodic and rhythmic
processing, respectively (de Manzano & Ullen, 2012). Taken together,
the findings raise two possible interpretations regarding the role of
lateral prefrontal cortex in musical creativity: one that emphasizes
cognitive inhibition as a domain-general cognitive process of creative
thinking and another that emphasizes plastic effects as a domain-
specific process in creative actions.

1.1.2 | Drawing creativity

Drawing creativity, namely, visual artistic creativity, refers to the pro-
duction of novel and esthetically-pleasing visual-forms (e.g., sketches,
paintings, and graphic design) that depend upon visual mental imagery
(Aziz-Zadeh, Liew, & Dandekar, 2013; Dake, 1991). A case study con-
ducted by Solso (2001) explored brain activity of a professional artist
when sketching drawings of faces during fMRI. Compared to a single
nonartist control subject, the professional artist exhibited lower acti-
vation in the right posterior parietal cortex, a region responsible for
face processing, but higher activation in the right-middle frontal area.
Solso suggested that experts might dedicate more resources to high-
level cognitive processing for the “meaning” of faces rather than the

“features” of faces. Recent studies have also found that creative
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drawing engages the right lateral prefrontal cortex (i.e., DLPFC). In this
context, the DLPFC is thought to exert top-down control over left lat-
eral prefrontal cortex and posterior regions (e.g., parietal-temporal-
occipital area), suppressing interfering stimuli and supporting internal
attention demands, visual imagination, and the integration of task-
relevant information during idea generation (Kowatari et al., 2009;
Rominger et al., 2020). Other studies with nonprofessional painters
have reported increased engagement of left frontal cortex during cre-
ative drawing (Aziz-Zadeh et al., 2013; Huang et al., 2013; Saggar
et al, 2015). Based on the twofold model of creativity, some
researchers proposed that regions within the DN contribute to the
generation of novel ideas in the early stages of drawing (Ellamil, Dob-
son, Beeman, & Christoff, 2012; Fan et al., 2014), whereas functional
connectivity between the DN and the control network supports the
evaluation of ideas in later phases (Beaty et al., 2016; Ellamil
et al., 2012; Kleinmintz, Ivancovsky, & Shamay-Tsoory, 2019).

Beyond the involvement of prefrontal cortex, several studies have
shown that the medial temporal lobe (MTL), including hippocampus,
parahippocampus, and fusiform gyrus, exhibits greater recruitment
during drawing creativity, such as visual art design (Ellamil et al., 2012;
Fan et al., 2014; Hahm, Kim, Park, & Lee, 2017; Kowatari et al., 2009;
Park, Kirk, & Waldie, 2015). The fusiform gyrus typically activates dur-
ing tasks involving visual imagery, a form of mental representation
characterized by internal sensory imagination and subjective experi-
ences in the absence of external stimuli (Winlove et al., 2018). With
respect to creativity, there is increasing focus on the link between cre-
ative thinking and activation in memory-related regions within MTL.
For example, Ellamil et al. (2012) suggested that, during creative idea
generation, MTL activation may reflect the construction of new asso-
ciations that rely on the retrieval and integration of semantic and epi-
sodic representations. Moreover, recent research has found that an
episodic specificity induction—an experimental procedure that pro-
motes an episodic retrieval orientation—can improve divergent crea-
tive thinking performance (Madore et al, 2015) by increasing
activation in left anterior hippocampus (Madore, Addis, &
Schacter, 2015; Madore, Thakral, Beaty, Addis, & Schacter, 2017), fur-
ther implicating MTL regions in creative thinking.

1.1.3 | Literary creativity

Literary creativity has been investigated with fMRI in the contexts of
story production and poetry creation. Early research suggested that
creative language usage differs from canonical language processing
with respect to brain lateralization. For example, Howard-Jones et al.
reported activation of bilateral medial frontal gyri, left middle frontal
gyrus, and anterior cingulate cortex during a story generation task.
The authors interpreted this activation pattern as reflecting
increased episodic memory retrieval, maintaining more possibilities
in working memory, and monitoring/evaluation to achieve more
appropriate and novel criteria Howard-Jones, Blakemore, Samuel,
Summers, & Claxton, 2005). Several recent neuroimaging studies

have found that creative writing is associated with a wide range of

brain regions, with hemispheric dominance effects depending on the
experimental conditions and the subject's level of expertise (Chen
et al., 2019; Erhard, Kessler, Neumann, Ortheil, & Lotze, 2014). For
example, compared to inexperienced writers, professional writers
recruited stronger activation within the DN, as well as regions
involved in memory retrieval and emotion processing (Erhard
et al., 2014; Liu et al., 2015). In line with studies on drawing creativ-
ity, studies of poetry composition have reported decreased coupling
of default and control network regions during poetry generation but
increased coupling between the networks during poetry evaluation
(Liu et al., 2015), consistent with neuroimaging investigations on
domain-general creativity using a verb generation task (Beaty,
Christensen et al., 2017). Together, these findings are in line with
recent theories of creativity that emphasize dynamic interactions
between the default and control networks (Beaty et al., 2016;
Kleinmintz et al., 2019; Shi et al.,, 2018). However, the extent to
which these networks support domain-general versus domain-
specific creative performance remains unclear.

1.2 | The present study

Although different art forms require distinct domain-specific skills,
knowledge, and instruments, they all share some domain-general cre-
ative demands, such as the production of novel elements, unconven-
tional performance, and overcoming fixation (Abraham, 2018). The
contribution of domain-general processes raises the central question
of whether different artistic domains rely on common neural sub-
strates, and whether these commonalities correspond to similar cog-
nitive process during creative processes. On the one hand, extant
studies and reviews point to considerable heterogeneity across dif-
ferent modalities of creative performance (e.g., verbal, visuospatial,
and musical improvisation). On the other hand, there seems to be
some overlap in the large-scale brain networks associated with crea-
tive thinking across several different domains (Beaty, 2015; Boccia,
Piccardi, Palermo, Nori, & Palmiero, 2015; Pidgeon et al., 2016; Wu
et al., 2015). Another question concerns the domain-specificity of
neural recruitment for each creative domain, that is, which brain cir-
cuits are unique to creative performance in literary, musical, and
drawing creativity. Although prior meta-analyses have considered
creative domains (Pidgeon et al., 2016; Wu et al., 2015), such meta-
analyses have tended to lack specificity, often including a wide range
of creative tasks and domains in a single analysis (Boccia et al., 2015).
To date, a systematic meta-analysis that synthesizes studies within
specific artistic domains, quantifying neural consistencies and differ-
ences among different forms of creativity, has not been conducted.
Fortunately, due to the increasing interest in the neuroscience of cre-
ativity, we now have access to a sufficient pool of studies within each
artistic domain for meta-analytic inquiry. In the present meta-analy-
sis, we can thus ask the question of how the brain achieves creative
performance across diverse artistic forms, providing insight into
longstanding debates regarding the domain-specificity and generality

of creativity.
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Here, we conducted activation likelihood estimation (ALE) meta-
analyses on three artistic creative modalities: music, drawing, and lit-
erary. First, we applied ALE meta-analyses to identify brain activation
patterns for each creative modality. Then, we conducted conjunction
and contrast analyses of these meta-analytic maps to assess the com-
mon and distinct neural correlates supporting the three artistic forms.
In terms of previous fMRI meta-analyses on verbal and visuospatial
creative thinking, as well as relevant reviews (Boccia et al., 2015;
Pidgeon et al., 2016; Wu et al., 2015), we hypothesized that the neu-
ral correlates across the three artistic modalities would mainly con-
verge in the lateral prefrontal cortex (PFC), the SMA, and some medial
regions of the DN. Furthermore, we hypothesized that distinct activa-
tion would mainly be observed in regions related to domain-specific
demands for each form, such as the SMA for motor planning in music
improvisation, the occipitotemporal gyrus for visual imagination in
drawing, and the lateral temporal cortex for semantic processes in lit-

erary creativity.

2 | METHODS

2.1 | Literature selection and exclusion criteria

A systematic literature search was carried out using PubMed and
Web of Knowledge databases for peer-reviewed fMRI and positron
emission tomography (PET) studies on artistic creativity up to July
14th, 2019. Three artistic modalities involving creativity were
included in the meta-analysis: musical creativity, drawing creativity,
and literary creativity. For each modality, all relevant search terms
were combined (“AND”) with “fMRI” or “PET.” Specifically, the
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Included in meta-analysis

keywords for musical creativity included “musical improvisation,”

»u

“musical creativity,” “music creativity,” and “compose AND creativity.”
This search yielded a total of 140 studies; after removing duplicates,
110 studies were retained. For drawing creativity, the keywords
included “drawing creativity,” “visual-spatial creativity,” “visual

» o«

creativity,” “visual divergent thinking,” and “figural creativity.” In addi-
tion, one fMRI study published using Chinese-language was included.
This search yielded a total of 128 studies; after removing duplicates,

93 studies were retained. For literary creativity, the keywords

n o« n o« » o«

included “creative writing,” “poetry,” “story and creativity,” “writing
and divergent thinking,” and “metaphor creativity.” This search yielded
a total of 103 studies; after removing duplicates, 73 studies were
retained.

Further inclusion criteria for these candidate studies were the fol-
lowing (see Figure 1): (a) Studies were empirical and used task-fMRI/
PET approaches; studies employing EEG, gene analysis, and structural
MRI were thus excluded. (b) Studies reported three-dimensional coor-
dinates in standard space (i.e., Montreal Neurological Institute [MNI]
or Talairach) and results with whole-brain analyses (Eickhoff
et al., 2009). (c) The results for those articles derived from functional
connectivity analyses were excluded. (d) Experimental paradigms
required active task engagement (e.g., thinking, writing, and improvis-
ing); studies on esthetic evaluation (e.g., poem/artwork/music appre-
ciation) were excluded.

After applying these exclusion criteria, a total of 32 separate stud-
ies were included in the ALE meta-analysis. Musical creativity studies
included 253 foci from 21 experiments with 291 participants (30.34%
females, average age = 30.81 + 6.7) across 15 studies; drawing crea-
tivity studies included 210 foci from 13 experiments with 252 partici-

pants (58.03% females, average age = 23.57 + 3.26) across 10 studies;

Articles identified through database
(PubMed, Web of Science)

Duplicates removed

Titles and abstracts screened

Articles for eligibility

Articles excluded due to: Non-empirical,
structural MR, behavioral, gene, EEG,ERP
and unrelated studies

No-reported coordinates

Functional connectivity studies

Aesthetic evaluation, appreciation
or passive activation

FIGURE 1 Flowchart
illustrating literature selection
and exclusion in the meta-
analysis
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TABLE 1  Summary of studies and contrasts included in the meta-analysis

Study N(F/M) Scanner Type Task Contrasts

Shah et al. (2013) 28 (14/14) fMRI Literary Creative writing Brainstorming > copying; creative
writing > copying

Bechtereva et al. (2004) 25 (0/25) PET Literary Story generation Difficult > easy; difficult > reading;
difficult > words

Howard-Jones et al. (2005) 8(7/1) fMRI Literary Story generation Creative story > uncreative story

Benedek, Jauk, et al. (2014) 28 (18/10) fMRI Literary Metaphor production Creative metaphor > literal
generation

Beaty, Silvia, et al. (2017) 35(22/13) fMRI Literary Metaphor production Metaphor > synonym

Erhard et al. (2014) 48 (22/26) fMRI Literary Creative writing Brainstorming > copying; creative
writing > copying

Liu et al. (2015) 27 (15/12) fMRI Literary Poetry composition Generate new poem > recite
memorized poems

Aziz-Zadeh et al., 2013) 13 (7/6) fMRI Drawing Shapes assembling Visual imagery > control

Cai et al. (2018) 16 (8/8) fMRI Drawing Shapes assembling Visual imagery > control

Ellamil et al. (2012) 15 (9/6) fMRI Drawing Cover illustrations Generation > evaluation

Fan et al. (2014) 23(17/6) fMRI Drawing Face design task Unrestricted design > restricted
design

Hahm et al. (2017) 25 (14/11) fMRI Drawing Figural TTCT Drawing imagery > line tracking

Huang et al. (2013) 26 (15/11) fMRI Drawing Construct image Creative > uncreative

Kowatari et al. (2009) 40 (24/16) fMRI Drawing Designing new pens Creative design > counting

Park et al. (2015) 48 (31/17) fMRI Drawing Figural TTCT Creative drawing > line tracking

Saggar et al. (2017) 36 (18/18) fMRI Drawing Figural pictionary task Word-drawing > zigzag-drawing

Saggar et al. (2015) 30 (16/14) fMRI Drawing Figural pictionary task Word-drawing > zigzag-drawing

Villarreal et al. (2013) 24 (15/9) fMRI Music Generate rhythm Create > repeat

Pinho et al. (2016) 39 (15/24) fMRI Music Improvisation Pitch-set > rest

Pinho et al. (2014) 39 (15/24) fMRI Music Improvisation Improvisation > rest

McPherson et al. (2016) 12 (1/11) fMRI Music Improvisation Improvisation > chromatic

Lu et al. (2017) 29 (15/14) fMRI Music Improvisation Improvisation > random button
press

Liu et al. (2012) 12 (0/12) fMRI Music Freestyle rap Improvised > conventional

Limb & Braun (2008) 6 (0/6) fMRI Music Jazz improvisation Improvised > control

Donnay et al. (2014) 11 (0/11) fMRI Music Jazz improvisation Improvised > control

Dhakal et al. (2019) 24 (0/24) fMRI Music Vocalize and imagine Improvised > prelearned

improvised

de Manzano & Ullen (2012) 18 (1/17) fMRI Music Improvisation Improvised > sight-reading

de Manzano & Ullen (2012) 15 (14/1) fMRI Music Improvisation Melodic and rhythmic
improvisation > rest

Brown et al. (2006) 10 (5/5) fMRI Music Improvisation Melodic improvisation > rest

Berkowitz & Ansari (2008) 13 (5/8) fMRI Music Improvisation Improvised > familiar patterns

Berkowitz & Ansari (2010) 28 (15/13) fMRI Music Improvisation Melodic improvisation > patterns
conditions

Bengtsson et al. (2007) 11 (0/11) fMRI Music Improvisation Improvised > reproduce

?Foci was identified using multivariate pattern analysis.

and literary creativity included 169 foci from 14 experiments with
199 participants (19.25% females, average age = 24.62 + 3.65) across
seven studies. More details of the included literature can be seen in

Table 1.

22 |

To identify consistent brain activation for each style of artistic creativ-

ity, three separate meta-analyses were conducted using the latest

Activation likelihood estimation
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12
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20

14



8 | WILEY

CHEN ET AL.

GingerALE (version 3.0.2, http://brainmap.org), which is a freely avail-
able and quantitative meta-analysis method (Eickhoff et al., 2009; Tur-
keltaub et al., 2012). GingerALE relies on ALE, which compares foci
compiled from multiple articles and estimates the magnitude of overlap,
yielding clusters most likely to become active across studies. The most
recent algorithm minimizes within-group effects and provides increased
power by allowing for the inclusion of all possible relevant experiments
(Eickhoff, Laird, Fox, Lancaster, & Fox, 2017; Turkeltaub et al., 2012).
Before ALE, coordinates reported in Talairach space were translated
into the coordinates to MNI space using the convert Foci embedded
within GingerALE. Statistical maps were thresholded at p < .05 using a
family-wise error-correction at the cluster level, corrected for multiple
comparisons (5,000 permutations) with a cluster forming threshold of
p <.001 (Eickhoff et al., 2017). To investigate the common regions
across three artistic creative modalities, we used the “image calculator”
function in SPM8 to calculate areas with equal activation likelihood,
which is equivalent to identifying the intersection for the resultant
maps from three separate meta-analyses.

To compare the results of pairwise meta-analysis (e.g., music
vs. drawing, drawing vs. literary, and music vs. literary), we also per-
formed conjunction analyses and contrast analyses in GingerALE. Due
to the exploratory nature of the analysis, the correction for pairwise
contrast analyses was loosely defined at an uncorrected p < .005 with
5,000 permutations and a minimum cluster size of 10 mm?®.

Musical creativity

2.3 | Results visualization

All significant clusters were reported, including the volume, coordi-
nates in MNI space, and Z-scores at peaks. For visualization purposes,
these results were registered onto an MNI-space template
(i.e., Colin27_T1_seg_MNLnii) brain using Mango (ric.uthscsa.edu/
mango) and MRIcron software (http://www.sph.sc.edu/comd/rorden/

mricron).
3 | RESULTS
3.1 | Regions of activation in music creativity

Neuroimaging studies of musical creativity exclusively focused on
musical improvisation (melodic, rhythmic, and jazz), and they required
performance on MR-compatible instruments during functional imag-
ing. A meta-analysis of 21 musical creativity experiments showed a
subset of activated clusters associated with musical improvisation (see
Figure 2a and Table 2), including the bilateral SMA extending to
medial prefrontal cortex (mPFC), precentral gyrus (PreCG), superior
frontal gyrus (SFG), and middle frontal gyrus (MFG); bilateral inferior
frontal gyrus (IFG), left inferior parietal lobule (IPL), and the right supe-
rior temporal gyrus (STG).

FIGURE 2 Results of single ALE meta-analysis for each artistic creativity
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TABLE 2  Results of meta-analyses for each artistic type
MNI coordinates

Cluster Anatomical labels R/L BA X Y V4 ALE Z-value Volume (mm?®)
Music creativity > control
1 Supplementary motor area L 6/9/32/44/24 -4 4 66 8.3 64,224

extending medial frontal gyrus,

precentral gyrus, superior

frontal gyrus, middle frontal gyrus,

and inferior frontal gyrus
2 Inferior frontal gyrus 13/44/45 52 14 8 471 5,480
3 Superior temporal gyrus 22/41/42/21 60 -32 8 4.02 2,280
4 Inferior parietal lobule L 40 -38 -46 42 4.28 1944
Drawing creativity > control
1 Inferior frontal gyrus R 9 46 8 26 4.96 3,736
2 Middle frontal gyrus L 6 -26 0 56 4.65 3,616
3 Precentral gyrus L 6 -40 4 30 4.33 3,520
4 Fusiform gyrus L 37 —42 —-54 -12.7 4.28 3,160
5 Supplementary motor area L 6 -2 12 48 4.4 2,848
6 Inferior parietal lobule L 40 -28 -54 40 4.09 2088
7 Middle frontal gyrus R 6/32 26 -6 58 3.81 1968
8 Superior occipital gyrus L 31 -24 -78 32 3.79 1,680
Literary creativity > control
1 Supplementary motor area L 6/32 -6 18 42 5.61 9,424
2 Middle temporal gyrus/superior L 39 -50 —-66 22 4.1 5,040

temporal gyrus
3 Middle frontal gyrus L 6 -40 8 52 49 4976
4 Inferior frontal gyrus L 44 -50 18 0 437 3,576
5 Lingual gyrus L 18 24 -90 -2 4.56 2,784
6 Lingual gyrus L 18 -22 -92 -6 4.57 2,280
7 Cerebellum posterior lobe R \ 8 -70 -22 3.7 912
8 Inferior frontal gyrus R 13/45 48 28 -2 344 384
9 Parahippocampal gyrus L -24 -12 -20 3.27 192
10 Medial dorsal thalamic nucleus L \ -12 -18 12 3.21 88

Note: These presented clusters were thresholded at p <.05 using a family-wise error-corrected at cluster level for multiple comparisons (5,000

permutations).

3.2 | Regions of activation in drawing creativity
The analysis of drawing creativity revealed a set of significant activa-
tions associated visual imagery and motor control, including a large
cluster in the left hemisphere comprised of SMA, MFG, PreCG, Fusi-
form Gyrus (FG), IPL, and superior occipital gyrus (SOG); two clusters
were also found in the right hemisphere: MFG and IFG (see Figure 2b
and Table 2).

3.3 | Regions of activation in literary creativity

For literary creativity, several expressive forms were included in the

meta-analysis, including story generation, novel metaphor production,

and poetry composition. Results revealed a set of significant clusters
in the left hemisphere, including the SMA, middle temporal gyrus
(MTG; extending to STG and MFG), IFG, lingual gyrus, para-
hippocampal gyrus, and medial dorsal nucleus; two clusters were also
found in the right hemisphere: IFG and cerebellum posterior lobe (see
Figure 2c and Table 2).

3.4 | Domain-general regions across three domains
of artistic creativity

The conjunction analysis showed commonly activated regions across
musical, drawing, and literary creativity including the left pre-SMA
(x = =8,y = 14, z = 38; cluster size = 549 voxels), left DLPFC (x = —44,
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y = 2,z = 42; cluster size = 148 voxels), and right IFG (x = 42, y = 26,
z = 0; cluster size = 18 voxels; see Figure 3).

3.5 | Domain-specific regions across three
domains of artistic creativity

Conjunction analyses between musical creativity and drawing creativ-
ity revealed consistent activation in the left SMA, bilateral MFG, left
precuneus, bilateral IFG, and bilateral IPL. Compared to drawing crea-
tivity, musical creativity showed stronger activation in the SMA and
bilateral IFG; the reverse contrast showed stronger activation for

x =-55 ° =-45

DCvs. LC MC vs. DC

MC vs. LC

drawing creativity in the left fusiform gyrus, right parahippocampal
gyrus, right MFG, and left precuneus (see Figure 4a and Table 3).

The conjunction of drawing creativity versus literary creativity
showed common regions for the two artistic domains in left SMA, left
MFG (including DLPFC), right DLPFC, and right IFG. No significant
activation differences were found between drawing creativity and lit-
erary creativity (see Figure 4b and Table 3).

Common activation of musical creativity and literary creativity
was found in the left SMA and bilateral IFG. Musical creativity showed
stronger activation in the left PreCG and left MFG, whereas the
reverse contrast showed activation of the left angular and right lingual

gyrus (see Figure 4c and Table 3).

Bwvc

Bvcnbc

Woc

FIGURE 4 Brain regions showing common and distinct activation between any two artistic creativity types. DC, drawing creativity; LC,
literary creativity; MC, musical creativity; R/L, right/left; these presented clusters were thresholded at uncorrected p < .005 with 5,000

permutations and a minimum cluster size of 10 mm?®
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TABLE 3  Conjunction and contrast analyses between two artistic types

Cluster Anatomical labels R/L BA
MCnDC

1 Middle frontal gyrus L 6/9
2 Supplementary motor area L

3 Precuneus L 7
4 Middle frontal gyrus R/L 6
5 Inferior parietal lobule L 40
6 Inferior parietal lobule R 40
7 Inferior frontal gyrus R 9
8 Inferior frontal gyrus R 13
MC > DC

1 Supplementary motor area L 6
2 Inferior frontal gyrus L 6/44
3 Inferior frontal gyrus R 9
4 Supplementary motor area L )
DC > MC

1 Fusiform gyrus L 37
2 Parahippocampal gyrus R 37
3 Middle frontal gyrus R 9
4 Precuneus L 31
DCnNLC

1 Supplementary motor area L 6/32
2 Middle frontal gyrus L 6
3 DLPFC R 9
4 Inferior frontal gyrus R 13
5 Middle frontal gyrus L 6
DC > LC None

LC >DC None

MCnLC

1 Supplementary motor area L 6/32
2 Inferior frontal gyrus L 44/13/47
3 Inferior frontal gyrus R 45/13/47
MC > LC

1 Precentral gyrus L 6/4
2 Middle frontal gyrus L \
LC > MC

1 Angular L 39/19
2 Lingual gyrus R 17

MNI coordinates

X Y Z ALE Z-value Volume (mm?)
-26 0 56 0.0038 9,432
-2 12 48 0.0036 5,246
-18 -17 46 0.0026 2,264
30 0 56 0.0027 2,112
-34 —48 38 0.0029 1,000
40 —46 40 0.0025 600
48 12 20 0.0026 368
44 26 4 0.0025 344
-1 -2 64 3.29 2,704
-58 3 9 3.29 1,056
-60 21 25 3.29 1,024
-14 10 60 3.29 56
-33 -47 -13 3.29 648
36 -40 -10 3.29 96
40 23 30 3.09 48
-23 -76 24 3.09 32
-4 14 46 0.0035 4,392
-32 [¢) 56 0.0025 1,240
52 12 32 0.0021 224
46 28 2 0.0022 192
-38 0 46 0.0021 8
-6 18 44 0.0043 16,752
-50 18 -2 0.0032 4,920
48 26 0 0.0024 648
-58 -3 15 3.35 784
-24 -4 47 3.09 16
-52 —-66 30 3.54 264
18 -95 3 3.16 64

Note: DC, drawing creativity; LC, literary creativity; MC, musical creativity; R/L, right/left. These presented clusters were thresholded at uncorrected

p < .005 with 5,000 permutations and a minimum cluster size of 10 mm?®.

4 | DISCUSSION

In the present meta-analysis, we first sought to identify common brain
regions associated with three domains of artistic creativity (i.e., music,
drawing, and literary creativity). Second, we aimed to identify distinct

regions with respect to each creative domain. Overall, the results of

the meta-analyses revealed three prefrontal brain regions common to
music, drawing, and literary creativity: left pre-SMA, left DLPFC, and
right IFG. Moreover, contrasting these modalities revealed reliable
domain-specific activation for each artistic domain: music creativity
(improvisation) recruited bilateral IFG, left PreG, and left MFG com-
pared to the other two artistic modalities; drawing creativity recruited
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the right MFG, left fusiform gyrus, left precuneus, and right para-
hippocampal gyrus compared to musical creativity; and literary crea-
tivity recruited the left angular and right lingual gyrus compared to
musical creativity. Together, these meta-analytic findings indicate that
a set of prefrontal brain regions support creative performance across
diverse artistic domains, but that specific regions also support creativ-
ity in each creative domain. In the following sections, we discuss the
potential functional significance of these converging findings for
understanding artistic creativity, focusing on current theories of crea-

tivity as a domain-general process.

4.1 | Neuroscience mechanisms of commonality in
artistic creativity

411 | Pre-SMA

The SMA was found to be consistently activated, with robust overlap
across three canonical forms of artistic creativity. Although previous
literature indicates that the SMA is actively engaged during musical
improvisation, novel drawing, and literary creativity (Erhard
et al., 2014; Pinho et al., 2014; Shah et al., 2013), previous work has
emphasized its possible role in artistic performance because SMA is a
heterogeneous region implicated in diverse cognitive functions
(Cona & Semenza, 2017). The medial region of Brodmann area 6 can
be subdivided into the SMA-proper and the anterior SMA (pre-SMA)
by the vertical line (MNI space, y = 0) crossing the anterior commis-
sure (Kim et al., 2010), in which SMA-proper is predominantly linked
to motor-related functions and pre-SMA is more linked to higher-
order cognitive control (Hertrich, Dietrich, & Ackermann, 2016). Pre-
vious evidence indicated that pre-SMA is richly connected to IFG,
ANnG, anterior cingulate cortex, as well as subcortical regions, such as
the striatum (Chouinard & Paus, 2010; Johansen-Berg et al., 2004;
Kim et al.,, 2010; Lu, Preston, & Strick, 1994); these regions are
important for higher-order aspects of action, such as integrating
information about action plans, motivation, and inhibitory control
(Lima, Krishnan, & Scott, 2016). In the present meta-analysis, the
overlapping region of SMA (y = 8) across three artistic domains
belonged to the pre-SMA. We thus propose that pre-SMA may also
be involved in higher-order cognitive processes during artistic crea-
tivity involved in planning and selecting complex action sequences
(Beaty, 2015).

Earlier work on music improvisation has consistently found that
pre-SMA activity scales with sequence complexity, implicating pre-
SMA in internally-driven sequence selection (Bengtsson et al., 2007,
Berkowitz & Ansari, 2008; Brown et al., 2006; Lau, Rogers, Ramnani, &
Passingham, 2004), which is critical for the free generation of rhyth-
mic and melodic structures during music improvisation (de Manzano &
Ullen, 2012). In addition, recent studies have implicated pre-SMA in
motor imagery (e.g., auditory imagery and mental rotation; Lima
et al., 2016) and higher-level planning processes (e.g., motor planning;
(Picard & Strick, 1996; Winstein, Grafton, & Pohl, 1997)—potentially
facilitating the generation, manipulation, and selection of spontaneous

behavioral responses required for creative action (Dhakal, Norgaard,
Adhikari, Yun, & Dhamala, 2019; Lu et al, 2017; Villarreal
et al., 2013). Aziz-Zadeh et al. (2013) pointed out that the pre-SMA is
often recruited across various creative domains, including music, lan-
guage, and drawing, but that the region also interacts with other pre-
frontal regions, such as DLPFC and IFG, to support creative
performance. This observation is consistent with several studies on
functional connectivity implicating the interaction of a wide range of
frontal regions with pre-SMA (Pinho et al., 2016). Taken together, we
propose that the pre-SMA plays a crucial role in domain-general pro-
cesses across artistic creativity, including internally-driven free selec-
tion of motor sequences, mental imagination, and motor planning,

potentially through its interaction with other prefrontal brain regions.

41.2 | Left DLPFC

Meta-analytic results also implicated the left DLPFC as a core
domain-general region supporting artistic creativity. The DLPFC is
consistently involved in a range of cognitive processes associated with
executive function, such as working memory, flexible attention, and
decision making (Bishop, 2009; Curtis & D'Esposito, 2003; Hare,
Camerer, & Rangel, 2009). In previous MRI studies on creativity, the
DLPFC has been recruited during various creative tasks, including ver-
bal divergent thinking (Abraham et al., 2012; Beaty, Benedek, Kauf-
man, & Silvia, 2015; Howard-Jones et al., 2005; Sun et al., 2016),
insight problem solving (Tik et al, 2018), musical improvisation
(Bengtsson et al., 2007; Berkowitz & Ansari, 2008), scientific problem
solving (Tong et al., 2013), and visuospatial creativity (Aziz-Zadeh
et al., 2013; Gilbert, Zamenopoulos, Alexiou, & Johnson, 2010;
Kowatari et al., 2009). The DLPFC may support creativity via flexible
attention and working memory, serving to maintain and update rele-
vant information across diverse creative domains.

Although the specific contribution of DLPFC to creative think-
ing remains debated, two emerging views have been suggested.
One view is that DLPFC functions to evaluate and select candidate
ideas through deliberate and analytic information processing
(Howard-Jones & Murray, 2003). The twofold model of creativity
posits that creative thinking depends on a dynamic cycle between
idea generation and evaluation (Finke, Ward, & Smith, 1992); here,
the DLPFC—as a key region of the ECN—plays an important role
during the evaluation phase, in which candidate ideas receive valua-
tion, monitoring, and selection prior to creative output (Kleinmintz
et al., 2019). Moreover, an increasing number of studies also indi-
cate that highly creative individuals showed stronger connectivity
between this “evaluation network” (ECN) and a second network that
supports idea generation (i.e., the DN; Beaty et al., 2016; Zhu
et al., 2017). In one study of drawing creativity, for example, idea
generation was found to be related to widespread DN activation,
whereas idea evaluation showed more co-activation of both DN
and ECN—including the DLPFC and dACC—implying the engage-
ment of cognitive control and meta-cognitive evaluative processing
(Ellamil et al., 2012).
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Another view of DLPFC's role in creativity has emphasized goal
maintenance. According to this view, DLPFC activation during crea-
tive performance reflects the maintenance of higher-order task goals
and constraints, thereby facilitating the novelty and appropriateness
of creative output. One common goal across creative tasks and
domains is the goal to think creatively; indeed, most tasks explicitly
instruct participants to “be creative” when generating novel products
or ideas. This goal-directed requirement to “be creative” can thus act
like an anchor to guide cognitive processing during the entire task.
For example, research on visual creativity found that creative design,
compared to a control task, showed more activity in the left DLPFC,
potentially attributed to goal-directed planning of novel solutions by a
top-down direction of the creative process (Aziz-Zadeh et al., 2013;
Saggar et al., 2015). In a similar vein, a music improvisation study in
professional pianists found that the activity and connectivity of the
DLPFC strongly relied on the task constraints. Specifically, in a condi-
tion that specified the piano notes that could be used for improvisa-
tion (i.e., pitch set)—requiring the maintenance of the goal to restrict
performance to specific notes—the DLPFC showed increased coupling
with the bilateral dorsal promotor and the SMA. Conversely, in a con-
dition that asked participants to improvise based on a specific
emotion—requiring the maintenance of the goal to tailor performance
to express a given emotion—the DLPFC showed increased coupling
with several regions of the DN (Pinho et al., 2016). These findings
suggest that DLPFC activity may be predominantly related to
maintaining and integrating goal-relevant information during creative
performance (Beaty et al., 2016) as well as other central executive

functions, such as flexible attention and selection (Kenett et al., 2018).

413 | RightIFG

Neuroimaging research on domain-general creativity (e.g., verbal
divergent thinking) has consistently implicated the ventrolateral PFC
(i.e., IFG; e.g., Abraham et al., 2012; Benedek, Beaty, et al., 2014; Ben-
edek, Jauk, et al., 2014; Fink et al., 2009; Zhu, Zhang, & Qiu, 2013).
The IFG is subdivided into opercular (dorsal), triangular (middle), and
orbital (ventral) regions, each with distinct functional roles (Aron, Rob-
bins, & Poldrack, 2004, 2014; Costafreda et al., 2006; Desikan
et al., 2006). In the context of research on creative thinking, converg-
ing evidence suggests that the left IFG supports controlled semantic
retrieval and selection (Badre & Wagner, 2007). The ventral IFG, in
particular, supports the controlled retrieval of information derived
from semantic and episodic memory systems, thus potentially boo-
sting the retrieval of relatively weak semantic associations (Badre,
Poldrack, Paré-Blagoev, Insler, & Wagner, 2005; Barredo, Oztekin, &
Badre, 2013; Ralph, Jefferies, Patterson, & Rogers, 2017). Likewise,
neuroimaging studies on memory control indicated that the right IFG
is implicated in suppression of interfering memories during retrieval,
which is critical for idea generation and the concomitant inhibition of
prepotent ideas that lack originality. Aron et al. (2014) proposed that
the right IFC and associated networks (i.e., prefrontal-basal ganglia

network) can be viewed as a “brake” implementing inhibitory control

in various modes (e.g., response inhibition, task-set switching, and
memory retrieval, etc.), and in different contexts (external and internal
triggers; Aron et al., 2014). Although the right IFG serves broad inhibi-
tory functions, as well as other executive control processes (such as
attentional detection or monitoring), activation of this region during
creative performance is consistent with the inhibitory demands of cre-
ative tasks, which can require the suppression of obvious thoughts
and prepotent responses to create something new.

Likewise, previous studies on artistic creativity have pointed to a
right-hemispheric dominance in the PFC, particularly for experts
(Bhattacharya & Petsche, 2002; Chen et al, 2019; Miller &
Cohen, 2001). Kowatari et al. (2009) indicated that professional
design training may facilitate inhibitory control of unwanted informa-
tion via right PFC (including IFG) compared to left PFC (Kowatari
et al., 2009). This inhibitory view was supported by lesion studies and
evidence from brain-stimulation. For example, patients with damage
to left IFG showed higher scores on divergent thinking tasks
(Mayseless, Aharon-Peretz, & Shamay-Tsoory, 2014; Shamay-Tsoory,
Adler, Aharon-Peretz, Perry, & Mayseless, 2011). Likewise, inhibitory
brain stimulation (tDCS, TMS, and tACS) targeting left IFG was found
to increase originality scores (lvancovsky, Kurman, Morio, & Shamay-
Tsoory, 2019; Kleinmintz et al., 2018; Lustenberger, Boyle, Foulser,
Mellin, & Fréhlich, 2015). Recent research found that anodal right IFG
stimulation coupled with cathodal tDCS over the left IFG facilitates
novel idea production, whereas the reverse stimulation does not
(Mayseless & Shamay-Tsoory, 2015). These converging lines of evi-
dence suggest that the right IFG may act as a regulator in controlled
semantic retrieval, dampening interfering information by balancing its

engagement in concert with the left IFG.

4.2 | Neuroscience mechanisms of differentiation
in artistic creativity

The current meta-analysis revealed several domain-specific regions
supporting creative performance across studies of music, drawing,
and literary creativity. Compared to drawing creativity and literary
creativity, musical creativity was associated with more widespread
frontal activity including SMA-proper, PreG, left IFG, and left MFG.
Based on prior research, the SMA-proper seems to be primarily
involved in controlled motor functions, such as motor initiation, motor
triggering, and the temporal control of motor commands, which serve
speech, auditory, (Bohland &
Guenther, 2006; Hertrich et al., 2016; Lima et al., 2016). Findings

from several studies on musical improvisation have implicated the

vocalization, and movement

SMA-proper in the process of movement sequencing in spatial struc-
tures (Brown et al, 2006; de Manzano & Ullen, 2012; Limb &
2008),
(Schwartze, Rothermich, & Kotz, 2012). Increased activity in the

Braun, especially for externally-triggered movements
sensory-motor areas (including PreG) may be associated with
processing complex stimuli across multiple modalities in musical
performance—which requires the integration of motor and auditory

streams—consistent with previous work demonstrating that activation
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in the medial motor areas correlates with melodic sequence complex-
ity (Bengtsson et al., 2007). In addition, long-term practice for profes-
sional musicians may induce plastic changes within the cortical motor
system and PFC, corresponding to decreased activation and increased
functional segregation in these regions when performing complex
motor sequences. In other words, musical training may facilitate
higher-level actions (e.g., high complexity) and creative performance
(e.g., improvisation) without recruiting additional neuronal resources
(Limb & Braun, 2008; Meister et al., 2005; Pinho et al., 2014).

Notably, musical creativity showed stronger engagement of left
IFG compared to drawing creativity, but not literary creativity. One
interpretation of this finding is that the left IFG supports the
processing of musical syntax and semantics, such as the retrieval and
selection of semantic information from long-term memory
(Koelsch, 2005; Moss et al., 2005; Pinho et al., 2016). Past work indi-
cates that musical improvisation and verbal generation share similar
neural substrates, including the left IFG (Brown et al., 2006). More-
over, a growing literature indicates that the left IFG is central to verbal
divergent thinking, consistent with the notion that the generation of
novel thoughts relies on overcoming dominant responses (Beaty
et al., 2014; Benedek, Jauk, et al., 2014; Gonen-Yaacovi et al., 2013).
Collectively, musical creativity appears to be supported by domain-
specific activation of the left IFG and SMA-proper, potentially
reflecting the importance of musical-semantic processing and long-
term motor specialization, respectively.

Regarding drawing creativity, our meta-analysis revealed activa-
tion within the left fusiform gyrus, left precuneus, right para-
hippocampal gyrus, and right MFG. The involvement of fusiform gyrus
in drawing creativity is perhaps not surprising, given that region's role
in color/shape recognition and visual imagery (Ganis, Thompson, &
Kosslyn, 2004; Ishai, Ungerleider, & Haxby, 2000)—processes central
to performance on drawing tasks. A case study on visual creativity
found that artists showed decreased activity in fusiform gyrus while
drawing faces (Solso, 2001). Moreover, a study comparing experts and
novices during a drawing task showed a smaller activated cluster in
the fusiform gyrus in experts (Kowatari et al., 2009). Together, these
findings indicate that the fusiform gyrus supports drawing creativity
via basic visual perception and visual imagery, processes that are
known to be shaped by expertise and training. Compared to musical
creativity, drawing creativity recruited the precuneus and para-
hippocampal gyrus—regions of the default mode network, a network
associated with spontaneous and self-referential cognition, including
episodic future thinking (Beaty et al., 2020; Schacter, Addis, &
Buckner, 2007), autobiographical planning (Spreng, Gerlach, Turner, &
Schacter, 2015), mind wandering (Christoff, Gordon, Smallwood,
Smith, & Schooler, 2009), and self-generated thought (Andrews-
Hanna, Smallwood, & Spreng, 2014). Beaty et al. (2014) proposed that
the DN contributes to the generation of creative thought by
extracting candidate ideas from long-term memory; simultaneously,
the control network, consisting of lateral PFC and IPL, evaluates and
selects these candidate ideas to meet the constraints of task-specific
goals, such as originality and appropriateness (Beaty et al., 2016; Fan
et al, 2014; Kowatari et al., 2009; Park et al., 2015). This view is

supported by previous fMRI studies of drawing creativity (Ellamil
et al., 2012) and literary creativity (Liu et al., 2015; Shah et al., 2013).
For example, in drawing creativity, stronger activation in the medial
temporal cortex (including hippocampus and parahippocampus) is
related to the retrieval of novel ideas and construction of novel
images during creative generation, whereas stronger activation in the
precuneus may be implicated in information integration from the
association cortex during creative evaluation (Ellamil et al., 2012).
Moreover, a recent study reported that common neural activity within
the parahippocampal gyrus during episodic retrieval, future imagina-
tion, and divergent thinking (Beaty, Thakral, Madore, Benedek, &
Schacter, 2018), suggesting that common cognitive processes among
drawing creativity and divergent thinking.

Interestingly, we found no significant difference in activation pat-
terns between literary creativity and drawing creativity. However,
considering that relatively less literature was available for literary cre-
ativity and drawing creativity, a more conservative and parsimonious
interpretation is that the two artistic domains may recruit similar cog-
nitive and neural mechanisms. A closer look at this small literature
showed that subjects in the two domains were mostly nonexperts
with minimal training; studies on music creativity, in contrast, were
more likely to include experts in their samples. Another reason for a
lack of difference between literary creativity and drawing creativity is
that some studies only asked subjects to engage in mental imagery
(Hahm et al., 2017; Howard-Jones et al., 2005; Huang et al., 2013;
Kowatari et al., 2009), not actual motor performance. This similar
experimental design factor may thus partially explain the similarity in
neural activity between drawing creativity and literary creativity.
Moreover, compared to music, drawing and literary creativity may
depend more on semantic and visual-spatial representations, not
symbolic representations for music. As discussed above, drawing
creativity and literary creativity are more associated with semantic
gyrus,
parahippocampus. This view is consistent with a prior study that con-

processing, such as lingual fusiform  gyrus, and
trasted writing and drawing, reporting similar activation associated
with motor planning, language processing, and visuospatial mapping
(Harrington, Farias, Davis, & Buonocore, 2007).

Beyond these common regions, literary creativity was especially
associated with the left MTG and left LG, regions linked to language
processing, semantic integration, and visual imagery. Prior research
indicates that metaphor production is associated with activity in the
peripheral temporal cortex (Beaty, Silvia, et al., 2017; Benedek, Beaty,
et al., 2014; Benedek, Jauk, et al., 2014), which is crucial for sentence
comprehension, prelexical perception, and semantic retrieval (Shah
et al., 2013). This finding is in line with previous findings on verbal
divergent thinking (Benedek et al., 2016; Fink et al., 2009; Wu
et al., 2015), suggesting that occipitotemporal areas in verbal creativ-
ity might support novel idea generation via semantic information
processing, mental imagery, and visual working memory (Chen
et al., 2018; Chrysikou & Thompson-Schill, 2011; Fink et al., 2009).
Taken together, we found evidence that literary creativity and draw-
ing creativity were associated with occipitotemporal areas involved in

semantic and visual-spatial processing, with some regions potentially
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more specialized for literary creativity and drawing creativity, respec-
tively. This pattern further suggests that domain-general neural corre-
lates seem associated with similar mental manipulation. Future
research is needed to explore the similarities in neural activation and

basic cognitive operations between different creative forms.

4.3 | Limitations and future directions

Several well-known limitations have been discussed in image-based
meta-analyses, such as publication bias or file-drawer effect (Lipsey &
Wilson, 1993), heterogeneity of experimental conditions and con-
trasts, and variation in data-analysis procedures (Miiller et al., 2018).
In the context of creativity research, one common criticism of meta-
analyses is the variance in the operational definition of creativity,
which could impede the identification of neural regions involved in
artistic creativity for each domain. For example, although the central
concept of drawing creativity concerns the production of novel and
esthetically-pleasing visual-forms, experimental procedures used to
measure creativity are different, with some studies focusing on imag-
ining how to design novel products (Hahm et al., 2017; Huang
et al., 2013; Kowatari, et al., 2009) and other studies focusing on idea
generation on the spot (Ellamil et al., 2012; Fan et al., 2014; Saggar
et al,, 2015; Saggar et al., 2017). Moreover, different control condi-
tions have been used to contrast against creative conditions; for
example, in musical creativity, rest, random button presses, familiar
patterns, and memory retrieval were used as control conditions in dif-
ferent studies. In sum, measurement variation in creativity studies
would result in divergent findings, making it difficult to compare and
integrate findings within or across different domains. In light of these
issues, previous reviews suggested that research should carefully con-
sider the psychometric properties of creative cognition and revise cre-
ative measures, making them more reliable and valid (Arden
et al, 2010). Besides, another limitation of neuroimaging meta-
analyses is that most coordinate-based algorithms may be insensitive
to nonsignificant results, leading to publication bias due to various
data-analysis approaches as well as flexibility in inference and
thresholding for a significant result (Carp, 2012). Here, we mainly
address two potential limitations based on the present results in the
context of the status quo of creativity neuroscience.

First, the shared neuronal activation across the three artistic
forms was only based on the overlay in the spatial pattern. It is
important to note that these spatial co-activation regions do not
necessarily indicate similar functional activation patterns and equiva-
lent cognitive functions (Hawes, Sokolowski, Ononye, &
Ansari, 2019). Although we discussed their commonality and cogni-
tive role in creative thinking, whether or not the same functionally
meaningful brain regions overlap in the same participants across dif-
ferent artistic modalities remains an open question. Therefore, one
important and promising future direction is to explore whether simi-
lar activation patterns exist within overlapping regions while artistic
engage in their respective domain. Although challenging, given dif-

ferent levels of expertise required for each creative domain, it would

be interesting to compare multiple artists in the same study with
varying levels of expertise across music, drawing, and literary crea-
tivity. In this way, one could decode patterns of activation within
overlapping regions across multiple creative domains, revealing
domain-general and domain-specific brain regions along with their
corresponding cognitive correlates.

Second, creative thinking is a complex and dynamic process that
requires multiple cognitive processes, including higher-order cognition
(divergent and convergent thinking), fundamental cognitive mecha-
nisms (e.g., attention, working memory, and cognitive control), and the
interplay between these cognitive processes (Mekern, Hommel, &
Sjoerds, 2019). Generally, creative thinking is viewed as a dynamic
process of idea generation and idea evaluation, dependent upon
process-related neural networks and their interaction. Although the
present meta-analysis mostly focused on the phase of idea generation,
it remains difficult to define clear-cut boundaries to separate idea
generation from idea evaluation during creative thinking and artistic
performance. Likewise, a significant challenge lies in how to separate
idea generation and evaluation in an ecologically valid experimental
procedure, and whether parsing creative performance into discrete
stages artificially distorts the naturalistic process of artistic creation.
Although previous research on the twofold model has provided many
insights (Ellamil et al., 2012), the two stages can be arbitrarily imposed
by the experimental design, thus potentially affecting ecological valid-
ity and highlighting the difficulty of capturing the creative brain
(Sonkusare, Breakspear, & Guo, 2019). Cutting-edge statistical ana-
lyses, such as Multi-Voxel Pattern Analysis (MVPA) and hidden semi-
Markov models (HSMM; Anderson, Pyke, & Fincham, 2016), may
offer a promising approach to decoding cognitive processes in a more
naturalistic experimental context. In sum, combining naturalistic
approaches with the twofold framework may help to clarify the
domain-general and domain-specific mechanisms of creativity, provid-
ing greater clarity into the complex neural underpinnings of creative

cognition and artistic performance.

5 | CONCLUSION

Whether creativity relies on domain-general or domain-specific cogni-
tive processes remains an open question. Many behavioral studies
have explored potential domain-general and domain-specific mecha-
nisms by investigating associations between distinct creative tasks.
Recent neuroimaging research has demonstrated consistent prefrontal
activation during verbal, visuospatial, and musical creativity, but a sys-
tematic framework to interpret these findings has so far been lacking.
Such a neuroscience framework can enrich current theories of creativ-
ity and motivate a promising direction to contextualize future work on
the neurocognitive basis of creative thinking. The present study aimed
to uncover the domain-mechanisms of artistic creativity by per-
forming an ALE meta-analysis on brain regions associated with three
forms of creative performance. Consistent with our hypotheses,
results revealed that the three creative domains all recruited the pre-
SMA, left DLPFC, and right IFG, suggesting that these regions support
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domain-general processes during artistic creation. We also found that
some regions were more specialized for one type of artistic creativity,
such as MTG and right lingual gyrus for literary creativity, suggesting
that domain-specific processes are also important for artistic creativ-
ity. Taken together, these findings provide a path forward for future
investigations of artistic creativity, emphasizing the need to dissociate
domain-general vs. domain-specific neural systems underlying crea-

tive performance.

ACKNOWLEDGMENTS

This research was supported by the National Natural Science Founda-
tion of China (NSFC 31800919; NSFC 31600878; NSFC 31771231),
Project of the National Defense Science and Technology Innovation
Special Zone, Chang lJiang Scholars Program, National Outstanding
Young People Plan, the Program for the Top Young Talents by Chong-
ging, the Fundamental Research Funds for the Central Universities
(SWU1609177), Natural
(cstc2015jcyjA10106),
(N0.151023), the Research Program Funds of the Collaborative Innova-

Science  Foundation of Chongging

Fok Ying Tung Education Foundation
tion Center of Assessment toward Basic Education Quality at Beijing
Normal University. Q. Chen was supported by China Postdoctoral Sci-
ence Foundation (2017M622935), the Fundamental Research Funds
for the Central Universities (SWU1809211), and the Chongging Special
Postdoctoral Science Foundation (XmT2018097). R. Beaty was
supported by a grant from the US National Science Foundation (DRL-
1920653).

CONFLICT OF INTERESTS

The authors declare that they have no conflict of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID
Jiang Qiu "2 https://orcid.org/0000-0003-0269-5910
REFERENCES

Abraham, A. (2018). The neuroscience of creativity. Cambridge, England:
Cambridge University Press.

Abraham, A., Pieritz, K., Thybusch, K., Rutter, B., Kroger, S.,
Schweckendiek, J., ... Hermann, C. (2012). Creativity and the brain:
Uncovering the neural signature of conceptual expansion.
Neuropsychologia, 50(8), 1906-1917.

Anderson, J. R, Pyke, A. A., & Fincham, J. M. (2016). Hidden stages of cog-
nition revealed in patterns of brain activation. Psychological Science, 27
(9), 1215-1226.

Andrews-Hanna, J. R., Smallwood, J., & Spreng, R. N. (2014). The default
network and self-generated thought: Component processes, dynamic
control, and clinical relevance. Annals of the New York Academy of Sci-
ences, 1316(1), 29-52.

Arden, R., Chavez, R. S., Grazioplene, R., & Jung, R. E. (2010). Neuroimag-
ing creativity: A psychometric view. Behavioural Brain Research, 214(2),
143-156.

Aron, A. R., Robbins, T. W., & Poldrack, R. A. (2004). Inhibition and the
right inferior frontal cortex. Trends in Cognitive Sciences, 8(4), 170-177.

Aron, A. R, Robbins, T. W., & Poldrack, R. A. (2014). Inhibition and the
right inferior frontal cortex: One decade on. Trends in Cognitive Sci-
ences, 18(4), 177-185.

Aziz-Zadeh, L., Liew, S. L., & Dandekar, F. (2013). Exploring the neural cor-
relates of visual creativity. Social Cognitive and Affective Neuroscience,
8(4), 475-480. https://doi.org/10.1093/scan/nss021

Badre, D., Poldrack, R. A., Paré-Blagoev, E. J., Insler, R. Z., & Wagner, A. D.
(2005). Dissociable controlled retrieval and generalized selection
mechanisms in ventrolateral prefrontal cortex. Neuron, 47(6),
907-918.

Badre, D., & Wagner, A. D. (2007). Left ventrolateral prefrontal cortex and
the cognitive control of memory. Neuropsychologia, 45(13),
2883-2901.

Barredo, J., Oztekin, 1., & Badre, D. (2013). Ventral fronto-temporal path-
way supporting cognitive control of episodic memory retrieval. Cere-
bral Cortex, 25(4), 1004-1019.

Beaty, R. E. (2015). The neuroscience of musical improvisation. Neurosci-
ence & Biobehavioral Reviews, 51, 108-117.

Beaty, R. E., Benedek, M., Kaufman, S. B., & Silvia, P. J. (2015). Default and
executive network coupling supports creative idea production. Scien-
tific Reports, 5, 10964. https://doi.org/10.1038/srep10964

Beaty, R. E., Benedek, M., Silvia, P. J., & Schacter, D. L. (2016). Creative
cognition and brain network dynamics. Trends in Cognitive Sciences, 20
(2), 87-95.

Beaty, R. E., Benedek, M., Wilkins, R. W., Jauk, E., Fink, A,, Silvia, P. J., ...
Neubauer, A. C. (2014). Creativity and the default network: A func-
tional connectivity analysis of the creative brain at rest.
Neuropsychologia, 64, 92-98.

Beaty, R. E., Chen, Q., Christensen, A. P., Kenett, Y. N., Silvia, P. J,
Benedek, M., & Schacter, D. L. (2020). Default network contributions
to episodic and semantic processing during divergent creative think-
ing: A representational similarity analysis. Neurolmage, 209, 116499.

Beaty, R. E., Christensen, A. P., Benedek, M., Silvia, P. J., & Schacter, D. L.
(2017). Creative constraints: Brain activity and network dynamics
underlying semantic interference during idea production. Neurolmage,
148, 189-196.

Beaty, R. E., Silvia, P. J., & Benedek, M. (2017). Brain networks underlying
novel metaphor production. Brain and Cognition, 111, 163-170.
https://doi.org/10.1016/j.bandc.2016.12.004

Beaty, R. E., Thakral, P. P., Madore, K. P., Benedek, M., & Schacter, D. L.
(2018). Core network contributions to remembering the past, imagin-
ing the future, and thinking creatively. Journal of Cognitive Neurosci-
ence, 30(12), 1939-1951.

Bechtereva, N. P., Korotkov, A. D., Pakhomov, S., Roudas, M. S.,
Starchenko, M. G., & Medvedey, S. V. (2004). PET study of brain main-
tenance of verbal creative activity. International Journal of Psychophysi-
ology, 53(1), 11-20.

Benedek, M., Beaty, R., Jauk, E., Koschutnig, K., Fink, A., Silvia, P. J., ...
Neubauer, A. C. (2014). Creating metaphors: The neural basis of figu-
rative language production. Neurolmage, 90, 99-106. https://doi.org/
10.1016/j.neuroimage.2013.12.046

Benedek, M., Jauk, E., Beaty, R. E., Fink, A. Koschutnig, K, &
Neubauer, A. C. (2016). Brain mechanisms associated with internally
directed attention and self-generated thought. Scientific Reports, 6,
22959.

Benedek, M., Jauk, E., Fink, A., Koschutnig, K., Reishofer, G., Ebner, F., &
Neubauer, A. C. (2014). To create or to recall? Neural mechanisms
underlying the generation of creative new ideas. Neurolmage, 88,
125-133.

Bengtsson, S. L., Csikszentmihalyi, M., & Ullen, F. (2007). Cortical regions
involved in the generation of musical structures during improvisation
in pianists. Journal of Cognitive Neuroscience, 19(5), 830-842. https://
doi.org/10.1162/jocn.2007.19.5.830

Berkowitz, A. L., & Ansari, D. (2008). Generation of novel motor
sequences: The neural correlates of musical improvisation.


https://orcid.org/0000-0003-0269-5910
https://orcid.org/0000-0003-0269-5910
https://doi.org/10.1093/scan/nss021
https://doi.org/10.1038/srep10964
https://doi.org/10.1016/j.bandc.2016.12.004
https://doi.org/10.1016/j.neuroimage.2013.12.046
https://doi.org/10.1016/j.neuroimage.2013.12.046
https://doi.org/10.1162/jocn.2007.19.5.830
https://doi.org/10.1162/jocn.2007.19.5.830

CHEN ET AL

WILEY_| %

Neurolmage, 41(2), 535-543. https://doi.org/10.1016/j.neuroimage.
2008.02.028

Berkowitz, A. L., & Ansari, D. (2010). Expertise-related deactivation of the
right temporoparietal junction during musical improvisation.
Neurolmage, 49(1), 712-719.

Bhattacharya, J., & Petsche, H. (2002). Shadows of artistry: Cortical syn-
chrony during perception and imagery of visual art. Cognitive Brain
Research, 13(2), 179-186.

Bishop, S. J. (2009). Trait anxiety and impoverished prefrontal control of
attention. Nature Neuroscience, 12(1), 92-98.

Boccia, M., Piccardi, L., Palermo, L., Nori, R., & Palmiero, M. (2015). Where
do bright ideas occur in our brain? Meta-analytic evidence from neuro-
imaging studies of domain-specific creativity. Frontiers in Psychology, 6,
1195.

Bohland, J. W., & Guenther, F. H. (2006). An fMRI investigation of syllable
sequence production. Neurolmage, 32(2), 821-841.

Brown, S., Martinez, M. J., & Parsons, L. M. (2006). Music and language
side by side in the brain: A PET study of the generation of melodies
and sentences. European Journal of Neuroscience, 23(10), 2791-2803.

Cai, Y., Zhang, D., Liang, B., Wang, Z., Li, J., Gao, Z., Gao, M., Chang, S.,
Jiao, B, Huang, R., & Liu, M. (2018). Relation of visual creative imagery
manipulation to resting-state brain oscillations. Brain Imaging and
Behavior, 12(1), 258-273.

Carp, J. (2012). On the plurality of (methodological) worlds: Estimating the
analytic flexibility of FMRI experiments. Frontiers in Neuroscience,
6, 149.

Chen, Q., Beaty, R. E., Cui, Z,, Sun, J., He, H., Zhuang, K., ... Qiu, J. (2019).
Brain hemispheric involvement in visuospatial and verbal divergent
thinking. Neurolmage, 202, 116065.

Chen, Q., Beaty, R. E., Wei, D., Yang, J., Sun, J., Liu, W,, ... Qiu, J. (2018).
Longitudinal alterations of frontoparietal and frontotemporal networks
predict future creative cognitive ability. Cerebral Cortex, 28(1),
103-115.

Chouinard, P. A,, & Paus, T. (2010). What have we learned from “per-
turbing” the human cortical motor system with transcranial magnetic
stimulation? Frontiers in Human Neuroscience, 4, 173.

Christoff, K., Gordon, A. M., Smallwood, J., Smith, R., & Schooler, J. W.
(2009). Experience sampling during fMRI reveals default network and
executive system contributions to mind wandering. Proceedings of the
National Academy of Sciences, 106(21), 8719-8724.

Chrysikou, E. G., & Thompson-Schill, S. L. (2011). Dissociable brain states
linked to common and creative object use. Human Brain Mapping, 32
(4), 665-675.

Cona, G., & Semenza, C. (2017). Supplementary motor area as key struc-
ture for domain-general sequence processing: A unified account. Neu-
roscience & Biobehavioral Reviews, 72, 28-42.

Costafreda, S. G, Fu, C. H., Lee, L., Everitt, B.,, Brammer, M. J,, &
David, A. S. (2006). A systematic review and quantitative appraisal of
fMRI studies of verbal fluency: Role of the left inferior frontal gyrus.
Human Brain Mapping, 27(10), 799-810.

Curtis, C. E., & D'Esposito, M. (2003). Persistent activity in the prefrontal
cortex during working memory. Trends in Cognitive Sciences, 7(9),
415-423.

Dake, D. M. (1991). The visual definition of visual creativity. Journal of
Visual Literacy, 11(1), 100-104.

Deliege, I., & Wiggins, G. A. (2006). In Musical creativity: Multidisciplinary
research in theory and practice (pp. 41-57). Hove, England: Psychology
Press.

de Manzano, O., & Ullen, F. (2012). Activation and connectivity patterns of
the presupplementary and dorsal premotor areas during free improvi-
sation of melodies and rhythms. Neurolmage, 63(1), 272-280. https://
doi.org/10.1016/j.neuroimage.2012.06.024

de Manzano, O., & Ullen, F. (2012). Goal-independent mechanisms for free
response generation: Creative and pseudo-random performance share
neural substrates. Neurolmage, 59(1), 772-780.

Desikan, R. S., Ségonne, F., Fischl, B., Quinn, B. T., Dickerson, B. C,
Blacker, D., ... Hyman, B. T. (2006). An automated labeling system for
subdividing the human cerebral cortex on MRI scans into gyral based
regions of interest. Neurolmage, 31(3), 968-980.

Dhakal, K., Norgaard, M., Adhikari, B. M., Yun, K. S., & Dhamala, M. (2019).
Higher node activity with less functional connectivity during musical
improvisation. Brain Connectivity, 9(3), 296-309. https://doi.org/10.
1089/brain.2017.0566

Dietrich, A., & Kanso, R. (2010). A review of EEG, ERP, and neuroimaging
studies of creativity and insight. Psychological Bulletin, 136(5),
822-848.

Donnay, G. F., Rankin, S. K., Lopez-Gonzalez, M., Jiradejvong, P., &
Limb, C. J. (2014). Neural substrates of interactive musical improvisa-
tion: An fMRI study of ‘trading fours’ in jazz. PLoS ONE, 9(2), e88665.

Eickhoff, S. B., Laird, A. R., Fox, P. M., Lancaster, J. L., & Fox, P. T. (2017).
Implementation errors in the GingerALE software: Description and
recommendations. Human Brain Mapping, 38(1), 7-11.

Eickhoff, S. B., Laird, A. R., Grefkes, C., Wang, L. E., Zilles, K., & Fox, P. T.
(2009). Coordinate-based activation likelihood estimation meta-
analysis of neuroimaging data: A random-effects approach based on
empirical estimates of spatial uncertainty. Human Brain Mapping, 30(9),
2907-2926.

Ellamil, M., Dobson, C., Beeman, M., & Christoff, K. (2012). Evaluative and
generative modes of thought during the creative process. Neurolmage,
59(2), 1783-1794. https://doi.org/10.1016/j.neuroimage.2011.08.008

Erhard, K., Kessler, F., Neumann, N., Ortheil, H. J., & Lotze, M. (2014). Pro-
fessional training in creative writing is associated with enhanced
fronto-striatal activity in a literary text continuation task. Neurolmage,
100, 15-23. https://doi.org/10.1016/j.neuroimage.2014.05.076

Fan, L., Fan, X,, Luo, W., Wu, G,, Yan, X,, Yin, D., ... Xu, D. (2014). An
explorative fMRI study of human creative thinking using a specially
designed iCAD system. Acta Psychologica Sinica, 46(4), 427-436.

Fink, A., Grabner, R. H., Benedek, M., Reishofer, G., Hauswirth, V.,
Fally, M., ... Neubauer, A. C. (2009). The creative brain: Investigation
of brain activity during creative problem solving by means of EEG and
fMRI. Human Brain Mapping, 30(3), 734-748.

Finke, R. A., Ward, T. B., & Smith, S. M. (1992). Creative cognition: Theory,
research, and applications, Cambridge, MA: MIT press.

Ganis, G., Thompson, W. L., & Kosslyn, S. M. (2004). Brain areas underlying
visual mental imagery and visual perception: An fMRI study. Cognitive
Brain Research, 20(2), 226-241.

Gilbert, S. J., Zamenopoulos, T., Alexiou, K., & Johnson, J. H. (2010).
Involvement of right dorsolateral prefrontal cortex in ill-structured
design cognition: An fMRI study. Brain Research, 1312, 79-88.

Gonen-Yaacovi, G., De Souza, L. C, Levy, R., Urbanski, M., Josse, G., &
Volle, E. (2013). Rostral and caudal prefrontal contribution to creativ-
ity: A meta-analysis of functional imaging data. Frontiers in Human
Neuroscience, 7, 465.

Hahm, J., Kim, K. K, Park, S. H., & Lee, H. M. (2017). Brain areas sub-
serving Torrance tests of creative thinking: An functional magnetic
resonance imaging study. Dementia and Neurocognitive Disorders, 16(2),
48-53. https://doi.org/10.12779/dnd.2017.16.2.48

Hare, T. A.,, Camerer, C. F., & Rangel, A. (2009). Self-control in decision-
making involves modulation of the vmPFC valuation system. Science,
324(5927), 646-648.

Harrington, G. S., Farias, D., Davis, C. H., & Buonocore, M. H. (2007). Com-
parison of the neural basis for imagined writing and drawing. Human
Brain Mapping, 28(5), 450-459.

Hawes, Z., Sokolowski, H. M., Ononye, C. B., & Ansari, D. (2019). Neural
underpinnings of numerical and spatial cognition: An fMRI meta-analysis
of brain regions associated with symbolic number, arithmetic, and mental
rotation. Neuroscience & Biobehavioral Reviews, 103, 316-336.

Herholz, S. C., & Zatorre, R. J. (2012). Musical training as a framework for
brain plasticity: Behavior, function, and structure. Neuron, 76(3),
486-502.


https://doi.org/10.1016/j.neuroimage.2008.02.028
https://doi.org/10.1016/j.neuroimage.2008.02.028
https://doi.org/10.1016/j.neuroimage.2012.06.024
https://doi.org/10.1016/j.neuroimage.2012.06.024
https://doi.org/10.1089/brain.2017.0566
https://doi.org/10.1089/brain.2017.0566
https://doi.org/10.1016/j.neuroimage.2011.08.008
https://doi.org/10.1016/j.neuroimage.2014.05.076
https://doi.org/10.12779/dnd.2017.16.2.48

8 | WILEY

CHEN ET AL

Hertrich, I., Dietrich, S., & Ackermann, H. (2016). The role of the supple-
mentary motor area for speech and language processing. Neurosci-
ence & Biobehavioral Reviews, 68, 602-610.

Howard-Jones, P., & Murray, S. (2003). Ideational productivity, focus of
attention, and context. Creativity Research Journal, 15(2-3), 153-166.

Howard-Jones, P. A, Blakemore, S. J., Samuel, E. A, Summers, |. R, &
Claxton, G. (2005). Semantic divergence and creative story genera-
tion: An fMRI investigation. Brain Research. Cognitive Brain
Research, 25(1), 240-250. https://doi.org/10.1016/j.cogbrainres.
2005.05.013

Huang, P. Y., Qiu, L. H., Shen, L., Zhang, Y., Song, Z.,, Qi, Z. G,, ... Xie, P.
(2013). Evidence for a left-over-right inhibitory mechanism during fig-
ural creative thinking in healthy nonartists. Human Brain Mapping, 34
(10), 2724-2732. https://doi.org/10.1002/hbm.22093

Ishai, A., Ungerleider, L. G., & Haxby, J. V. (2000). Distributed neural sys-
tems for the generation of visual images. Neuron, 28(3), 979-990.

Ivancovsky, T., Kurman, J., Morio, H., & Shamay-Tsoory, S. (2019). Trans-
cranial direct current stimulation (tDCS) targeting the left inferior fron-
tal gyrus: Effects on creativity across cultures. Social Neuroscience, 14
(3), 277-285.

Johansen-Berg, H., Behrens, T. E. J., Robson, M. D., Drobnjak, I,
Rushworth, M. F. S., Brady, J. M,, ... Matthews, P. M. (2004). Changes
in connectivity profiles define functionally distinct regions in human
medial frontal cortex. Proceedings of the National Academy of Sciences,
101(36), 13335-13340.

Kenett, Y. N., Medaglia, J. D., Beaty, R. E., Chen, Q., Betzel, R. F,,
Thompson-Schill, S. L., & Qiu, J. (2018). Driving the brain towards cre-
ativity and intelligence: A network control theory analysis.
Neuropsychologia, 118, 79-90.

Kim, J.-H., Lee, J.-M,, Jo, H. J., Kim, S. H., Lee, J. H,, Kim, S. T, ... Kim, S. I.
(2010). Defining functional SMA and pre-SMA subregions in human
MFC using resting state fMRI: Functional connectivity-based
parcellation method. Neurolmage, 49(3), 2375-2386.

Kleinmintz, O. M., Abecasis, D., Tauber, A., Geva, A., Chistyakov, A. V.,
Kreinin, I., ... Shamay-Tsoory, S. G. (2018). Participation of the left infe-
rior frontal gyrus in human originality. Brain Structure and Function,
223(1), 329-341.

Kleinmintz, O. M., lvancovsky, T., & Shamay-Tsoory, S. G. (2019). The two-
fold model of creativity: The neural underpinnings of the generation
and evaluation of creative ideas. Current Opinion in Behavioral Sciences,
27,131-138.

Koelsch, S.(2005). Neural substrates of processing syntax and semantics in
music. In Current Opinion in Neurobiology, 15(2), 207-212.

Kowatari, Y., Lee, S. H., Yamamura, H., Nagamori, Y. Levy, P,
Yamane, S., & Yamamoto, M. (2009). Neural networks involved in
artistic creativity. Human Brain Mapping, 30(5), 1678-1690. https://
doi.org/10.1002/hbm.20633

Lau, H., Rogers, R., Ramnani, N., & Passingham, R. (2004). Willed action and
attention to the selection of action. Neurolmage, 21(4), 1407-1415.

Lima, C. F., Krishnan, S., & Scott, S. K. (2016). Roles of supplementary
motor areas in auditory processing and auditory imagery. Trends in
Neurosciences, 39(8), 527-542.

Limb, C. J., & Braun, A. R. (2008). Neural substrates of spontaneous musi-
cal performance: An FMRI study of jazz improvisation. PLoS One, 3(2),
e1679. https://doi.org/10.1371/journal.pone.0001679

Lipsey, M. W., & Wilson, D. B. (1993). The efficacy of psychological, edu-
cational, and behavioral treatment: Confirmation from meta-analysis.
American Psychologist, 48(12), 1181-1209.

Liu, S., Chow, H. M,, Xu, Y., Erkkinen, M. G., Swett, K. E., Eagle, M. W,, ...
Braun, A. R. (2012). Neural correlates of lyrical improvisation: An FMRI
study of freestyle rap. Scientific Reports, 2, 834. https://doi.org/10.
1038/srep00834

Liu, S. Y., Erkkinen, M. G., Healey, M. L, Xu, Y. S. Swett, K. E,
Chow, H. M., & Braun, A. R. (2015). Brain activity and connectivity
during poetry composition: Toward a multidimensional model of the

creative process. Human Brain Mapping, 36(9), 3351-3372. https://
doi.org/10.1002/hbm.22849

Ly, J, Yang, H., He, H., Jeon, S., Hou, C., Evans, A. C., & Yao, D. (2017).
The multiple-demand system in the novelty of musical improvisation:
Evidence from an MRI study on composers. Frontiers in Neuroscience,
11, 695. https://doi.org/10.3389/fnins.2017.00695

Lu, M. T., Preston, J. B., & Strick, P. L. (1994). Interconnections between
the prefrontal cortex and the premotor areas in the frontal lobe. Jour-
nal of Comparative Neurology, 341(3), 375-392.

Lustenberger, C., Boyle, M. R, Foulser, A. A., Mellin, J. M., & Frohlich, F.
(2015). Functional role of frontal alpha oscillations in creativity. Cortex,
67,74-82.

Madore, K. P., Addis, D. R., & Schacter, D. L. (2015). Creativity and mem-
ory: Effects of an episodic-specificity induction on divergent thinking.
Psychological Science, 26(9), 1461-1468.

Madore, K. P., Thakral, P. P., Beaty, R. E., Addis, D. R., & Schacter, D. L.
(2017). Neural mechanisms of episodic retrieval support divergent cre-
ative thinking. Cerebral Cortex, 29(1), 150-166.

Mayseless, N., Aharon-Peretz, J., & Shamay-Tsoory, S. (2014). Unleashing cre-
ativity: The role of left temporoparietal regions in evaluating and inhibiting
the generation of creative ideas. Neuropsychologia, 64, 157-168.

Mayseless, N., & Shamay-Tsoory, S. G. (2015). Enhancing verbal creativity:
Modulating creativity by altering the balance between right and left
inferior frontal gyrus with tDCS. Neuroscience, 291, 167-176. https://
doi.org/10.1016/j.neuroscience.2015.01.061

Mcpherson, M. J., Barrett, F. S, Lopezgonzalez, M., Jiradejvong, P., &
Limb, C. J. (2016). Emotional Intent Modulates The Neural Substrates
Of Creativity: An fMRI Study of Emotionally Targeted Improvisation in
Jazz Musicians. Scientific Reports, 6

Mednick, S. (1962). The associative basis of the creative process. Psycho-
logical Review, 69(3), 220-232.

Meister, 1., Krings, T., Foltys, H., Boroojerdi, B., Miiller, M., Topper, R., &
Thron, A. (2005). Effects of long-term practice and task complexity in
musicians and nonmusicians performing simple and complex motor
tasks: Implications for cortical motor organization. Human Brain Map-
ping, 25(3), 345-352.

Mekern, V., Hommel, B., & Sjoerds, Z. (2019). Computational models of
creativity: A review of single-process and multi-process recent
approaches to demystify creative cognition. Current Opinion in Behav-
ioral Sciences, 27, 47-54.

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal cor-
tex function. Annual Review of Neuroscience, 24(1), 167-202.

Moss, H., Abdallah, S., Fletcher, P., Bright, P., Pilgrim, L., Acres, K., & Tyler, L.
(2005). Selecting among competing alternatives: Selection and retrieval
in the left inferior frontal gyrus. Cerebral Cortex, 15(11), 1723-1735.

Mdiller, V. 1., Cieslik, E. C., Laird, A. R, Fox, P. T., Radua, J., Mataix-Cols, D.,
... Turkeltaub, P. E. (2018). Ten simple rules for neuroimaging meta-
analysis. Neuroscience & Biobehavioral Reviews, 84, 151-161.

Park, H. R, Kirk, 1. J., & Waldie, K. E. (2015). Neural correlates of creative
thinking and schizotypy. Neuropsychologia, 73, 94-107. https://doi.
org/10.1016/j.neuropsychologia.2015.05.007

Picard, N., & Strick, P. L. (1996). Motor areas of the medial wall: A review
of their location and functional activation. Cerebral Cortex, 6(3),
342-353.

Pidgeon, L. M., Grealy, M., Duffy, A. H., Hay, L., McTeague, C., Vuletic, T, ...
Gilbert, S. J. (2016). Functional neuroimaging of visual creativity: A sys-
tematic review and meta-analysis. Brain and Behavior: A Cognitive Neuro-
science Perspective, 6(10), €00540. https://doi.org/10.1002/brb3.540

Pinho, A. L., de Manzano, O., Fransson, P., Eriksson, H., & Ullen, F. (2014).
Connecting to create: Expertise in musical improvisation is associated
with increased functional connectivity between premotor and prefron-
tal areas. The Journal of Neuroscience, 34(18), 6156-6163. https://doi.
org/10.1523/jneurosci.4769-13.2014

Pinho, A. L., Ullen, F., Castelo-Branco, M., Fransson, P., & de Manzano, O.
(2016). Addressing a paradox: Dual strategies for creative performance


https://doi.org/10.1016/j.cogbrainres.2005.05.013
https://doi.org/10.1016/j.cogbrainres.2005.05.013
https://doi.org/10.1002/hbm.22093
https://doi.org/10.1002/hbm.20633
https://doi.org/10.1002/hbm.20633
https://doi.org/10.1371/journal.pone.0001679
https://doi.org/10.1038/srep00834
https://doi.org/10.1038/srep00834
https://doi.org/10.1002/hbm.22849
https://doi.org/10.1002/hbm.22849
https://doi.org/10.3389/fnins.2017.00695
https://doi.org/10.1016/j.neuroscience.2015.01.061
https://doi.org/10.1016/j.neuroscience.2015.01.061
https://doi.org/10.1016/j.neuropsychologia.2015.05.007
https://doi.org/10.1016/j.neuropsychologia.2015.05.007
https://doi.org/10.1002/brb3.540
https://doi.org/10.1523/jneurosci.4769-13.2014
https://doi.org/10.1523/jneurosci.4769-13.2014

CHEN ET AL

WILEY_L %%

in introspective and extrospective networks. Cerebral Cortex, 26(7),
3052-3063. https://doi.org/10.1093/cercor/bhv130

Ralph, M. A, L, Jefferies, E., Patterson, K., & Rogers, T. T. (2017). The neu-
ral and computational bases of semantic cognition. Nature Reviews
Neuroscience, 18(1), 42-55.

Rominger, C., Papousek, I., Perchtold, C. M., Benedek, M., Weiss, E. M.,
Weber, B., ... Fink, A. (2020). Functional coupling of brain networks
during creative idea generation and elaboration in the figural domain.
Neurolmage, 207. https://doi.org/10.1016/j.neuroimage.2019.116395.

Saggar, M., Quintin, E. M,, Kienitz, E., Bott, N. T., Sun, Z. C., Hong, W. C,, ...
Reiss, A. L. (2015). Pictionary-based fMRI paradigm to study the neural
correlates of spontaneous improvisation and figural creativity. Scien-
tific Reports, 5, 10894. https://doi.org/10.1038/srep10894

Saggar M., Quintin E. M., Bott N. T., Kienitz E., Chien Y., Hong D. C,, ...
Reiss A. L. (2017). Changes in brain activation associated with sponta-
neous improvization and figural creativity after design-thinking-based
training: A longitudinal fMRI study. Cerebral Cortex, 27(7), 3542-3552.
http://dx.doi.org/10.1093/cercor/bhw171.

Sawyer, K. (2011). The cognitive neuroscience of creativity: A critical
review. Creativity Research Journal, 23(2), 137-154.

Schacter, D. L., Addis, D. R., & Buckner, R. L. (2007). Remembering the past
to imagine the future: The prospective brain. Nature Reviews Neurosci-
ence, 8(9), 657-661.

Schwartze, M., Rothermich, K., & Kotz, S. A. (2012). Functional dissociation
of pre-SMA and SMA-proper in temporal processing. Neurolmage, 60
(1), 290-298.

Shah, C., Erhard, K., Ortheil, H. J., Kaza, E., Kessler, C., & Lotze, M. (2013).
Neural correlates of creative writing: An fMRI study. Human Brain
Mapping, 34(5), 1088-1101. https://doi.org/10.1002/hbm.21493

Shamay-Tsoory, S., Adler, N., Aharon-Peretz, J., Perry, D., & Mayseless, N.
(2011). The origins of originality: The neural bases of creative thinking
and originality. Neuropsychologia, 49(2), 178-185.

Shi, L., Sun, J,, Xia, Y., Ren, Z., Chen, Q., Wei, D, ... Qiu, J. (2018). Large-
scale brain network connectivity underlying creativity in resting-state
and task fMRI: Cooperation between default network and frontal-
parietal network. Biological Psychology, 135, 102-111.

Solso, R. L. (2001). Brain activities in a skilled versus a novice artist: An
fMRI study. Leonardo, 34(1), 31-34.

Sonkusare, S., Breakspear, M., & Guo, C. (2019). Naturalistic stimuli in neu-
roscience: Critically acclaimed. Trends in Cognitive Sciences, 23(8),
699-714.

Spreng, R. N., Gerlach, K. D., Turner, G. R., & Schacter, D. L. (2015). Auto-
biographical planning and the brain: Activation and its modulation by
qualitative features. Journal of Cognitive Neuroscience, 27(11),
2147-2157.

Sun, J.,, Chen, Q., Zhang, Q., Li, Y., Li, H., Wei, D., ... Qiu, J. (2016). Training
your brain to be more creative: Brain functional and structural changes

induced by divergent thinking training. Human Brain Mapping, 37(10),
3375-3387.

Tik, M., Sladky, R., Luft, C. D. B., Willinger, D., Hoffmann, A., Banissy, M. J.,
... Windischberger, C. (2018). Ultra-high-field fMRI insights on insight:
Neural correlates of the Aha!l-moment. Human Brain Mapping, 39(8),
3241-3252.

Tong, D., Zhu, H., Li, W., Yang, W., Qiu, J., & Zhang, Q. (2013). Brain activ-
ity in using heuristic prototype to solve insightful problems. Behav-
ioural Brain Research, 253, 139-144.

Turkeltaub, P. E., Eickhoff, S. B., Laird, A. R., Fox, M., Wiener, M., & Fox, P.
(2012). Minimizing within-experiment and within-group effects in acti-
vation likelihood estimation meta-analyses. Human Brain Mapping, 33
(1), 1-13.

Villarreal, M. F., Cerquetti, D., Caruso, S., Schwarcz Lopez Aranguren, V.,
Gerschcovich, E. R, Frega, A. L., & Leiguarda, R. C. (2013). Neural cor-
relates of musical creativity: Differences between high and low crea-
tive subjects. PLoS One, 8(9), €75427. https://doi.org/10.1371/journal.
pone.0075427

Winlove, C. I, Milton, F., Ranson, J., Fulford, J., MacKisack, M.,
Macpherson, F., & Zeman, A. (2018). The neural correlates of visual
imagery: A co-ordinate-based meta-analysis. Cortex, 105, 4-25.

Winstein, C. J., Grafton, S. T., & Pohl, P. S. (1997). Motor task difficulty
and brain activity: Investigation of goal-directed reciprocal aiming
using positron emission tomography. Journal of Neurophysiology, 77(3),
1581-1594.

Wu, X, Yang, W., Tong, D., Sun, J., Chen, Q., Wei, D, ... Qiu, J. (2015). A
meta-analysis of neuroimaging studies on divergent thinking using acti-
vation likelihood estimation. Human Brain Mapping, 36(7), 2703-2718.

Zatorre, R. J., Chen, J. L., & Penhune, V. B. (2007). When the brain plays
music: Auditory-motor interactions in music perception and produc-
tion. Nature Reviews Neuroscience, 8(7), 547-558.

Zhu, F., Zhang, Q., & Qiu, J. (2013). Relating inter-individual differences in
verbal creative thinking to cerebral structures: An optimal voxel-based
morphometry study. PLoS One, 8(11), €79272.

Zhu, W., Chen, Q., Xia, L., Beaty, R. E., Yang, W., Tian, F., ... Chen, X.
(2017). Common and distinct brain networks underlying verbal and
visual creativity. Human Brain Mapping, 38(4), 2094-2111.

How to cite this article: Chen Q, Beaty RE, Qiu J. Mapping the
artistic brain: Common and distinct neural activations
associated with musical, drawing, and literary creativity. Hum
Brain Mapp. 2020;41:3403-3419. https://doi.org/10.1002/
hbm.25025



https://doi.org/10.1093/cercor/bhv130
https://doi.org/10.1016/j.neuroimage.2019.116395
https://doi.org/10.1038/srep10894
http://dx.doi.org/10.1093/cercor/bhw171
https://doi.org/10.1002/hbm.21493
https://doi.org/10.1371/journal.pone.0075427
https://doi.org/10.1371/journal.pone.0075427
https://doi.org/10.1002/hbm.25025
https://doi.org/10.1002/hbm.25025

	Mapping the artistic brain: Common and distinct neural activations associated with musical, drawing, and literary creativity
	1  INTRODUCTION
	1.1  Artistic creativity
	1.1.1  Musical creativity
	1.1.2  Drawing creativity
	1.1.3  Literary creativity

	1.2  The present study

	2  METHODS
	2.1  Literature selection and exclusion criteria
	2.2  Activation likelihood estimation
	2.3  Results visualization

	3  RESULTS
	3.1  Regions of activation in music creativity
	3.2  Regions of activation in drawing creativity
	3.3  Regions of activation in literary creativity
	3.4  Domain-general regions across three domains of artistic creativity
	3.5  Domain-specific regions across three domains of artistic creativity

	4  DISCUSSION
	4.1  Neuroscience mechanisms of commonality in artistic creativity
	4.1.1  Pre-SMA
	4.1.2  Left DLPFC
	4.1.3  Right IFG

	4.2  Neuroscience mechanisms of differentiation in artistic creativity
	4.3  Limitations and future directions

	5  CONCLUSION
	ACKNOWLEDGMENTS
	  CONFLICT OF INTERESTS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


