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Exploring the neural correlates of visual creativity
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Although creativity has been called the most important of all human resources, its neural basis is still unclear. In the current study, we used fMRI to
measure neural activity in participants solving a visuospatial creativity problem that involves divergent thinking and has been considered a canonical
right hemisphere task. As hypothesized, both the visual creativity task and the control task as compared to rest activated a variety of areas including the
posterior parietal cortex bilaterally and motor regions, which are known to be involved in visuospatial rotation of objects. However, directly comparing
the two tasks indicated that the creative task more strongly activated left hemisphere regions including the posterior parietal cortex, the premotor
cortex, dorsolateral prefrontal cortex (DLPFC) and the medial PFC. These results demonstrate that even in a task that is specialized to the right
hemisphere, robust parallel activity in the left hemisphere supports creative processing. Furthermore, the results support the notion that higher
motor planning may be a general component of creative improvisation and that such goal-directed planning of novel solutions may be organized

top-down by the left DLPFC and by working memory processing in the medial prefrontal cortex.
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INTRODUCTION

Creativity has been defined as a behavior or product that is both novel
and useful (Sternberg and Lubart, 1996). Although creativity may be
the most important of all human resources (Edward de Bono), its
neural basis remains difficult to understand. The problem can be
approached at the level of large-scale systems using brain imaging,
but the studies carried out to date yield conflicting results. While
some have claimed that creative problem solving is driven by process-
ing in the right hemisphere (Finkelstein et al., 1991; Rotenberg, 1994;
Miller et al., 1996, 1998, 2000; Murai et al., 1998), previous thinkers
and recent studies indicate the importance of processing in both hemi-
spheres (Bogen and Bogen, 1969; Kwong et al., 1992; Atchley et al,
1999; Aziz-Zadeh et al., 2009; Lindell, 2010) in supporting the creative
process. However, the majority of these studies used language-related
tasks, which largely force a lateralization of activity to the left hemi-
sphere (e.g. word generation; anagrams). Conceivably, the finding of
activity in both hemispheres during creative tasks might be due to the
fact that the left hemisphere is necessary to complete the task and the
right hemisphere is recruited to provide creative processing. It is thus
reasonable to ask what happens when the task itself is presumed to
recruit the right hemisphere. Is the right hemisphere sufficient for
completing the creative task without further processing in the left
hemisphere? Or will the equivalent left hemisphere regions be recruited
for additional creative processing? The primary aim of the current
study was to use functional magnetic resonance imaging (fMRI) to
measure neural activity in subjects solving a visuospatial creativity
problem that has been considered a canonical right hemisphere task.

Visual creativity, the production of novel and useful visual forms
(Dake, 1991), is a primary component of fields such as painting, pho-
tography, sculpture and architecture. There have been only a handful
of fMRI studies on visual creativity. A study on product design where
novice and expert designers mentally imagined designing new pen
prototypes found that in experts, there was increased dominance of
right prefrontal regions over left prefrontal regions (Kowatari et al,
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2009). Case studies on visual creativity have suggested decreased ac-
tivity in fusiform gyrus when artists copy drawings of faces (Solso,
2001) and decreases in artistic abilities following stimulation of the
left subthalamic nucleus (Drago et al., 2009). Furthermore, electroen-
cephalography (EEG) studies of artistic creativity support a role of the
right prefrontal cortex, showing greater synchrony in the right hemi-
sphere during visual perception and visual memory, but only in artists
(Bhattacharya and Petsche, 2002). Thus, it appears that each study
yields different results depending on the task and the participant
group, leaving the overall pattern of results difficult to interpret.

In trying to understand the creative process, some studies have
focused on divergent thinking. Divergent thinking is defined as cre-
ative thinking that may follow many lines of thought and tends to
generate new and original solutions (e.g., listing creative uses for a
common object; www.merriam-webster.com; Campbell, 1960). This
is in contrast to convergent thinking tasks for which there is one cor-
rect answer and which are most commonly used in intelligence tests
(e.g., solving an anagram; Campbell, 1960). The common finding in
the majority of fMRI studies on divergent thinking indicates the im-
portance of the prefrontal cortex in both hemispheres, presumably for
its role in working memory and executive attention [for a review, see
(Dietrich and Kanso, 2010)].

With regard to visuospatial processing in general, previous data in-
dicate involvement of the inferior parietal lobule, as well as higher motor
regions [supplementary motor cortex (SMA), pre-SMA, premotor
cortex, inferior frontal gyrus] in visuospatial processing. While lesion
data indicate the importance of the right temporo-parietal cortex in
visuospatial processing (Samuelsson et al., 1997; Swan, 2001), bilateral
activation for components of visuospatial processing [e.g. mental rota-
tion (Ng et al., 2001)] has also been shown. Thus, while the right hemi-
sphere may be specialized for visuospatial processing, the left
hemisphere also may be involved. Nevertheless, in line with the lesion
data, it does appear that activity in the right inferior parietal cortex is a
stronger rate-limiting step in visuospatial processing (Ng et al., 2001). In
contrast, activity in the motor regions during visuospatial processing
has commonly been found in the left hemisphere, and it has been
speculated that participants use motor imagery of the dominant right
hand to ‘manually’ rotate and manipulate the stimulus (Vingerhoets
et al., 2002; Windischberger et al., 2003).

In the current study, we investigated the neural basis of visual cre-
ativity by comparing brain activity when participants complete two
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different tasks: a creative, divergent thinking task where they must
mentally manipulate three shapes (e.g. ‘C’, ‘0’, ‘8’) to create a recog-
nizable object (e.g. a smiley face) vs a mental rotation, convergent
thinking task where participants had to rotate three parts to create a
recognizable shape (e.g. rectangle; Figure 1 and Supplementary Data).
The creative task has been used in previous behavioral studies inves-
tigating visual creativity (Finke and Slayton, 1988), while the control
task was created and piloted for the current study (see ‘Experimental
Methods’ section). We chose these tasks because both involve visuo-
spatial processing as well as a naming component. Thus the main
difference between the two tasks is visual creative processing, while
basic visuospatial processing and verbal naming should be subtracted
out in the comparison as they are common to the two tasks.
Furthermore, the creative task requires novel responses (divergent
thinking), whereas the control task requires a single correct answer
(convergent thinking). As we hypothesized that creativity utilizes
both hemispheres as opposed to the hemisphere dominant for the
task (right parietal regions), we predicted that the visual creativity
task would show more bilateral activity in parietal regions known to
be active for visuospatial processes as compared to the control task.
Additionally, as the creative task may involve stronger motor imagery
of the dominant hand, we expected left motor regions to be more
active during the creative task. Furthermore, as divergent thinking
tasks have been reported to activate the prefrontal cortex due to the
importance of working memory and cognitive planning in this task
(for a review see Dietrich and Kanso, 2010), we also expected activity
in this region during divergent creative processing.

EXPERIMENTAL METHODS
Participants

Thirteen normal healthy adult participants (7 females, 6 males; mean
age 23.15, s.d. =3.36 years), over 18 years of age, were enrolled in the
study. All participants were recruited by posted advertisement from a
pool of architects and architect students, as pretesting showed that this
population performs well on both the creative visual task and the
control mental rotation task. Equal ability on these two tasks was
important for the current study, as we did not want to confound the
tasks by difficulty for the participant. Furthermore, all subjects were
pretested and only subjects who performed well on both tasks (>75%
accuracy on the control task, ability to complete the creative task in the
allotted time and reported the two tasks to be equally difficult) parti-
cipated in the fMRI study. At the time of the study, all participants
were architecture students and some had limited internship experience;
four had prior work experience in architecture or were currently work-
ing part time as architects.

In addition, because we were interested in laterality, all participants
were right-handed, as measured by a modified Edinburgh Handedness
Inventory (Oldfield, 1971). All participants had normal or corrected-
to-normal vision, had no neurological or psychiatric history as mea-
sured by a questionnaire and passed an MRI safety screening
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questionnaire. Written informed consent was obtained from all par-
ticipants before inclusion in the study. This study was approved by the
University of Southern California Institutional Review Board and was
performed in accordance with the 1964 Declaration of Helsinki.

Stimuli

Participants completed two different tasks, a visual creativity task and a
control task. The creative task involved presenting participants with
three distinct shapes (e.g. a circle, an ‘8’ and a ‘C’), and then asking
them to assemble the shapes into a namable composite image
(e.g. smiling face; Figure 1). The control task involved presenting par-
ticipants with an ordinary shape (square, triangle and rectangle) that
had been trisected into three pieces which were rotated apart from each
other, with the three pieces hinging around shared vertices. Participants
were asked to mentally rotate the constituent pieces around these hinge
points to reconstruct and name the original shape (see Supplementary
Data for list of all stimuli). There were a total of 20 creative stimuli and
20 control stimuli, all in black and white, at a size of 680 x 400 pixels
(W x H). Each stimulus was shown once.

The stimuli were piloted on a separate group of 20 participants to
assess equal task difficulty and length of time to complete the task
between creative and control stimuli. Both types of stimuli took
approximately the same amount of time to complete (control: 165;
creative: 17s; P=0.2116), indicating that creative and control stimuli
tasks did not differ by completion time. In addition, participants did
not report one group being more difficult than the other.

Task

Creative and control trials were randomly intermixed across four
different runs, with five of each condition per run. Each stimulus
was seen only once during the entire scanning session. Participants
were instructed to complete the creative task as quickly and cre-
atively as possible and the control task as quickly and accurately as
possible and were given practice trials outside the scanner. Inside
the scanner, participants were given two button boxes to hold and
asked to press two buttons, one with each hand, as soon as they
completed the task. Bimanual responses were used to avoid a pos-
sible confounding effect of lateralization due to using one hand
only. The onset of the first response was then used to determine
the length of that trial for later analysis. Following task completion,
there was a jittered rest with fixation cross, after which they were
shown the prompt ‘What is your answer? Participants were in-
structed to speak their answer (the name of the object that they
mentally produced either in the creative or control task) into the
MRI-compatible microphone that was placed by their mouths and
their response was digitally recorded. These responses were later
transcribed by a research assistant.

SINCBC

Fig. 1 Example of control stimuli (A) and creative stimuli (B). The answer for (A) is rectangle, and for (B), sample answers include a smiley face, Homer Simpson or a man in a Volkswagen bug.
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General procedure and design

The images were presented through a projector onto a rear-projection
screen attached to the head coil and located above the participant’s head.
The experiment utilized a single event-related design in which all con-
ditions (creative, control, rest/fixation cross, waiting and answer) were
evenly distributed across four runs. Trial order included either a creative
or control task, followed by a fixation cross presented for a jittered
interstimulus interval (2—6s), an answer period (6s) and a fixed rest
(15s). Each of the functional runs lasted 466 s (233 TRs) and included
four creative trials, four control trials and eight rests, answer periods and
waiting periods. Creative and control stimuli (30's each) were counter-
balanced and trial order was randomized across participants.

fMRI image acquisition and analysis

Scanning was performed on a Siemens 3-T Trio scanner with a standard
head coil. Thirty-seven axial slices of functional images covering the
whole brain were acquired using a gradient-echo echo-planar pulse se-
quence (64 x 64 x 37 matrix with a spatial resolution of 3.5 x 3.5 x
3.5mm, repitition time (TR) =2000 ms, echo time (TE) =30 ms, field
of view (FOV) =224 mm, flip angle=90"). Anatomical images were
obtained using a MPRAGE sequence (208 coronal slices, 256 x256 x
208 matrix with a spatial resolution of 1 x 1 x 1 mm, TR = 1950 ms,
TE =2.56 ms, FOV = 256 mm; flip angle =90°).

fMRI data processing was carried out using FEAT (FMRI Expert
Analysis Tool) Version 5.98, part of FSL (FMRIB’s Software Library,
www.fmrib.ox.ac.uk/fs]). The following prestatistics processing were
applied to individual participants: motion correction using
MCFLIRT (Jenkinson et al, 2002), slice-timing correction using
Fourier space time series phase-shifting; nonbrain removal using
FSL’s Brain Extraction Tool (BET) (Smith, 2002), spatial smoothing
using a Gaussian kernel of full with at half maximum (FWHM) 5 mm,
grand-mean intensity normalization of the entire 4D data set by a
single multiplicative factor and highpass temporal filtering
(Gaussian-weighted  least-squares  straight line fitting, with
sigma = 65.0s) (Jenkinson et al., 2002; Smith, 2002). For each partici-
pant, a time-series statistical analysis was carried out using FILM GLM
with local autocorrelation correction (Woolrich er al, 2001).
Z (Gaussianized T/F) statistic images were then thresholded at
P=0.001 (uncorrected), and registered to a high-resolution standard
space image [2 x 2 x 2mm’ Montreal Neurological Institute (MNI)
space] using FLIRT (FSL’s Linear Image Registration Tool)
(Jenkinson and Smith, 2001; Jenkinson et al., 2002).

A group-level analysis was carried out using FLAME (FMRIB’s Local
Analysis of Mixed Effects) Stage 1, which employed a mixed-effects
model that includes both fixed effects and random effects from
cross-session/participant variance (Beckmann et al., 2003; Woolrich
et al., 2004; Woolrich, 2008). Z (Gaussianised T/F) statistic images
at this level were thresholded using clusters determined by Z>2.3
and a (corrected) cluster significance threshold of P=0.05 (Worsley
et al., 2001).

RESULTS
Behavioral results

For the control task, the accuracy was 93% with an average time of task
completion at 12.63 s, with a standard deviation of 9.8s. For the cre-
ative task, participants were able to come up with a correct answer in
the time allotted in all trials. The average time for completing the
creative task was 20s with a standard deviation of 9.11s. The two
tasks did not significantly differ in reported difficulty. As we were
interested in comparing the cognitive process used in each task
rather than the accuracy of the end solution, all trials were included
in our subsequent analyses. The mean percentage of creative responses
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that were of faces/people was 14.1% £ 13%. The mean percentage of
creative responses that were of a biological category (people + animals)
was 25% = 15%. Thus, the responses in the creative task were hetero-
geneous and were not major from any given category (biological, faces,
animals, etc.).

Creative vs rest

To find brain regions that were active during the creative task, we
compared activity in this task to rest. Significantly, active regions
included the left inferior frontal gyrus (pars opercularis, pars orbitalis),
left superior frontal gyrus (SMA/pre-SMA complex) (pre-SMA), left
precentral gyrus (premotor cortex), as well as bilaterally, the lateral
prefrontal cortex, inferior parietal lobule, the superior parietal lobule,
the precuneus, the middle occipital gyrus, the anterior cingulate sulcus,
the striatum, the insula and the cerebellum.

Control vs rest

To find brain regions that were active during the control task, we
compared activity in this task to rest. Significantly, active regions
included the right middle frontal gyrus and inferior frontal gyrus
(pars opercularis), and bilaterally the inferior parietal lobule, the fusi-
form gyrus, the middle occipital gyrus, insula and the cerebellum.

Creative vs control

To find brain regions that were more active specifically during visual
creative processing, we compared activity in the creative task to activity
in the control task. Significant regions of activation were found in the
medial prefrontal cortex, the left superior frontal gyrus [with peaks in
the SMA, pars orbitalis and dorsolateral prefrontal cortex (DLPFC)],
the premotor cortex, the left lateral occipital cortex, the left inferior
parietal lobule and the left posterior middle temporal gyrus (Figure 2
and Table 1).

Control vs creative

Brain regions that were more active during the control task as com-
pared to the creative task included the bilateral postcentral gyrus, the
right inferior parietal lobule, the right precuneus and right inferior
occipital gyrus (Table 1).

DISCUSSION

As hypothesized, both the visual creativity task and the control task as
compared to rest activated a variety of areas including the posterior
parietal cortex bilaterally and motor regions, which are known to be
involved in visuospatial rotation of objects (Milivojevic et al., 2009).
Interestingly, however, directly comparing the two tasks indicated that
the creative task more strongly activated left hemisphere regions,
including the posterior parietal cortex, the superior frontal gyrus, the
premotor cortex, the inferior frontal gyrus, the DLPFC and the medial
prefrontal cortex (mPFC), while the control task more strongly acti-
vated the right postcentral gyrus, right posterior parietal cortex and
visual processing regions. Thus, while both tasks involve bilateral pro-
cessing, the creative task more strongly recruits the left hemisphere,
while the control visuospatial task more strongly recruits the right
hemisphere.

Lesion data indicate that the right hemisphere is specialized for
visuospatial processing; patients with visuospatial neglect more often
have damage to the right parietal regions, indicating that the right
parietal lobe may specialize in visuospatial abilities (Samuelsson
et al., 1997; Swan, 2001). Furthermore, an fMRI study investigating
the quantitative relationships between regional activation and behav-
ioral performance measures on a visuospatial task found significant
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Fig. 2 Activation pattern for the contrast ‘Creative > Control’. Left: SMA and left superior frontal gyrus are active. Middle: SMA and mPFC are active. Right: left IFG, left parietal cortex and left middle temporal
gyrus are active. Images were thresholded using clusters determined by Z>2.3 and a (corrected) cluster significance threshold of P =10.05.

Table 1 Activation peaks for the contrasts ‘Creative > Control’ and ‘Control > Creative’

V4 X y z  Anatomical region L/R  BA  Cluster no. No. of
voxels

Creative > control

41 =2 20 56 Superior frontal gyrus/SMA L 6 3 3590

37 =8 66 24 Superior Frontal Gyrus/mPFC L 8 3

36 —20 38 52 Superior Frontal Gyrus/DLPFC L 8 3

35 —24 46 22 Superior frontal gyrus L 8 3

31 —42 12 26 Premotor cortex L 6 2 2182

35 38 28 —20 Pars orbitalis L 47 2

35 —46 26 —6 Pars orbitalis L 47 2

44 —50 —74 26 Lateral occipital gyrus L 39 1 2122

43 —44 —68 42 Posterior parietal cortex L 39 1

38 -5 —46 2 Posterior middle temporal gyrus L 22 1

Control > creative

47 34 —36 48  Posterior parietal cortex R 40 2 7786

44 54 =20 42 Postcentral gyrus R 32

36 —40 —40 52 Postcentral gyrus L 2 2

42 24 =50 46  Precuneus R 7 1 1362

4.1 14 88 16 Inferior occipital gyrus R 18 1

Included in the table are the zstat for the peak, the MNI coordinates, anatomical region, hemisphere
(L/R), Brodmann area (BA), cluster number and number of voxels significantly active per cluster.

behavioral-physiological association more strongly in right parietal
regions, though both hemispheres were involved (Ng et al., 2001).
Our data correspond with this trend, demonstrating stronger right
parietal activation for the control visuospatial task compared to the
creative task.

While both tasks showed bilateral processing as compared to rest,
our canonical right hemisphere task, however, additionally recruited
the corresponding left hemisphere parietal regions during creative pro-
cessing as compared to during control processing. This increased
activity in the left posterior parietal cortex during the creative task
may indicate that creative processing relies not only on the right hemi-
sphere processing that is common to both tasks, but also additional left
hemisphere processing. This finding is consistent with the notion that
verbal creative processing is associated with stronger bilateral process-
ing than noncreative processing (Bogen and Bogen, 1969; Aziz-Zadeh
et al., 2009), suggesting that bilateral recruitment of regions may be a
general characteristic of creative processing, regardless of the modality
(verbal or visual). To our knowledge, this is the first report that a
visuospatial task shows robust left hemisphere activity. This result of
greater interhemispheric processing during creative processing is con-
sistent with a previous study of white matter tractography using dif-
fusion tensor imaging. In that study, it was suggested that individuals
who scored higher on a measure of creativity showed greater fiber

density in or near a number of regions including the body of the corpus
callosum, the bilateral prefrontal cortices and the right inferior parietal
lobule (Takeuchi ef al., 2010). Thus creative processing, whether verbal
or visual, may rely more on processing in both hemispheres.

In addition, we found that the creative task more strongly recruited
left motor regions including the left SMA, inferior frontal gyrus and
premotor cortex. This is consistent with previous studies on mental
rotation where it has been speculated that activity in higher motor
regions may correspond to participants engaged in motor imagery of
the dominant right hand to rotate the stimuli. Previous data indicate
that activity in the SMA is greater as motor planning increases
(Winstein et al, 1997). Activity in these higher motor regions may
be indicative of more complicated manipulations of the stimuli,
which the creative task may engage. While in the control task objects
may be manipulated along a specific axis, in the creative task they may
be manipulated in multiple directions and dimensions. Indeed, manip-
ulating information in numerous dimensions may be a component of
the creative process in general. This is consistent with literature
demonstrating that musical improvisation also engages the supple-
mentary and premotor cortices more than an equivalent control
task, and the authors also discuss the possibility of increased motor
and temporal planning as a necessary component of creative musical
improvisation (Brown et al., 2006; Bengtsson et al., 2007; Berkowitz
and Ansari, 2008; Limb and Braun, 2008). Verbal tasks involving cre-
ative generation (a divergent thinking task) have also found significant
activity in the inferior frontal gyrus, premotor cortex and SMA
(Jung-Beeman et al., 2004; Brown et al., 2006; Mashal et al., 2007;
Aziz-Zadeh et al., 2009; Fink et al., 2009). Taken together, the current
study corresponds with previous studies in suggesting that creative
generation may utilize higher planning areas in the brain, including
the SMA, premotor cortex and inferior frontal gyrus. Here, we extend
this finding beyond the musical and language domains into visual
creativity as well.

We also find that the creative task as compared to the control task
involves activity in the left DLPFC. In the current study, response times
and participant reports indicate that there is no difference in task dif-
ficulty between the creative task and the control task, and both tasks
require equal working memory loads. Thus, we do not expect this
activation to reflect higher task demands or working memory alone.
Instead, it may be attributed to the type of processing the creative task
demands: open ended, divergent processing rather than deciding be-
tween one of several possible shapes (convergent thinking). We note
that our creative task is a divergent thinking task and the control task is
a convergent thinking task; thus it is not possible for us to distinguish
between creative problem solving and divergent thinking in the current
study. However, as creative problem solving is defined as a subtype of
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divergent thinking (www.merriam-webster.com), this may be a
common difficulty in similar studies on creativity.

The DLPEC activity during the creative task may also be attributed
to its role in top-down organization of the creative process. This is in
line with previous studies indicating that the DLPFC is involved in
planning and performing novel or complicated behavioral sequences,
both motoric as well as cognitive sequences, such as language and
thought [for a review, see (Fuster, 2001)]. Previous studies also show
activity in the DLPFC during goal-related visual search (Pollmann and
von Cramon, 2000), effortful problem solving and focused attention
(Hampshire and Owen, 2006; Osaka et al., 2007; Israel et al, 2010).
The DLPFC has also been found to be active during free selection in
cognitive tasks involving high cognitive manipulation (D’Esposito
et al., 1998). Furthermore, transcranial magnetic stimulation (TMS)
experiments show that disruption of activity in the left DLPFC is
correlated with responses that are more stereotypical in tasks involving
pseudorandom generation of numbers (Jahanshahi et al., 1998) or
letters (Jahanshahi and Dirnberger, 1999). In addition, repetitive
TMS over the left DLPFC leads to longer reaction times during analo-
gic reasoning, a finding which was not true for the right DLPFC
(Boroojerdi et al., 2001). These functions of the DLPFC (planning
novel and complex cognition, guiding search, focused attention, work-
ing memory, assisting to produce novel rather than stereotypical
responses) may all be essential to visuospatial creativity.

The mPFC was also found to be more active in the creativity task.
The peak of this activity was in the left hemisphere, though activity
spreads bilaterally. Previous studies also indicate that the mPFC is a
common part of the creativity network. Spontaneous counterfactual
thinking, which is thought to be important for creativity (Kray et al.,
2006), was found to be impaired in patients with PFC lesions (Gomez
Beldarrain et al., 2005). Divergent thinking tasks commonly show ac-
tivity in the mPFC, and this has been in part attributed to the high
demand of working memory in these tasks [for a review, see (Dietrich
and Kanso, 2010)]. An fMRI study on semantic divergence and creative
story generation found activity in the right PFC and attributed it to
increased monitoring as well as higher cognitive control for stringent
monitoring for creative solutions (Howard-Jones et al, 2005).
Furthermore, right prefrontal activation has been observed for other
creative problem solving tasks, such as processing unusual semantic
relationships (Schmidt et al., 2007). Additionally, a negative correl-
ation has been found between producing original ideas and lesions
in the right mPFC (Shamay-Tsoory et al., 2011). Thus, the current
study extends previous findings that the mPFC is important to creative
problem solving not only in language-related tasks and divergent
thinking, but also in visual creativity.

Finally, we found increased activity in regions commonly associated
with language processing (middle temporal gyrus, pars orbitalis)
during the creativity task. While both tasks require a naming compo-
nent, naming the produced creative figure may require more language
processing than naming a shape. Activity in language regions may be
attributed to the possibility that naming in the control task may have
been simpler than in the creative task.

These results cannot be explained on the basis of difficulty. Pilot
testing revealed that the two conditions did not significantly differ
either in time required to complete the task or in reported difficulty.
During scanning, there were also no significant differences in reported
difficulty between the two tasks, though on average the creative task
took longer to complete than the control task. However, we note that
the analysis conducted here utilizes the time specific to each condition,
so that the mental process for each condition is divided over the time
reported to complete the task. In this way, each condition is repre-
sented per unit time; hence, the difference in overall time between the
two conditions should not affect the current analysis. Future studies
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are necessary to see whether these findings are consistent with other
types of visual creativity and visual divergent thinking tasks, as well as
generalizable outside of our limited sample population of architects.

In summary, our results demonstrate that even in a task that is
specialized to the right hemisphere (visuospatial processing), robust
parallel activity in the left hemisphere supports creative processing.
This novel finding suggests that creative processing recruits both hemi-
spheres, including the one that is less dominant for that task. In par-
ticular, while in this study we find that visual creativity more strongly
recruits left hemisphere activation despite being a right hemisphere
task, previous reports show that creative tasks involving language
also commonly find activity in the hemisphere nondominant for the
task (right hemisphere activity, when it is a left hemisphere task).
Furthermore, our results support the notion that higher motor plan-
ning may be a general component of creative improvisation (visual,
verbal or auditory) and that such goal-directed planning of novel
solutions may be organized top-down by the left DLPFC and by work-
ing memory processing in the mPFC. Thus, it may be that this pattern
of activation is not only important for visual creativity but creativity in
various domains.
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