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Abstract—Novel information selection is a crucial process in creativity and was found to be associated with fron-
tal-temporal functional connectivity in the right brain in closed-ended creativity. Since it has distinct cognitive
processing from closed-ended creativity, the information selection in open-ended creativity might be underlain
by different neural activity. To address this issue, a creative generation task of Chinese two-part allegorical say-
ings was adopted, and the trials were classified into novel and normal solutions according to participants’ self-
ratings. The results showed that (1) novel solutions induced a higher lower alpha power in the temporal area,
which might be associated with the automatic, unconscious mental process of retrieving extensive semantic
information, and (2) upper alpha power in both frontal and temporal areas and frontal-temporal alpha coherence
were higher in novel solutions than in normal solutions, which might reflect the selective inhibition of semantic
information. Furthermore, lower alpha power in the temporal area showed a reduction with time, while the frontal-
temporal and temporal-temporal coherence in the upper alpha band appeared to increase from the early to
the middle phase. These dynamic changes in neural activity might reflect the transformation from divergent think-
ing to convergent thinking in the creative progress. The advantage of the right brain in frontal-temporal connec-
tivity was not found in the present work, which might result from the diversity of solutions in open-ended creativity.
© 2017 IBRO. Published by Elsevier Ltd. All rights reserved.
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INTRODUCTION Finke et al. (1992) indicated that creative cognition
consisted of two key processes that generated some
incomplete mental representations and then refined or
regenerated them to meet the requirements of problem
solving. Furthermore, Bink and Marsh (2000) suggested
a more integrated theoretical framework for creative cog-
nition. In the beginning, creators retrieve the relevant
information from long-term memory over an extensive
range and then combine the information pieces with dis-
tant or implicit associations into some subsets of informa-
tion. Then, these combinations of information are
selected according to their availability for the task. Crea-
tive cognition shares similar common cognitive processes

Research on creativity has attracted great attention in
psychology, education and management, which mainly
focus on the characteristics of creative persons, the
mental processes of creating ideas, the ecological press
on the person and his mental processes, and the
products of recording creative thoughts (Rhodes, 1961).
Among them, the creative process is the core, without
which all the others cannot work by themselves.
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resonance imaging (fMRI) to figure out the mental
processes of creative cognition. Studies have
concentrated mainly on insight problem solving and
divergent thinking.

Compound remote associate problems have been
frequently used to explore the cognitive and neural
mechanisms of insight (Bowden et al., 2005). Studies
have revealed that the anterior superior temporal gyrus
in the right brain was more activated for insight than
non-insight solutions (Jung-Beeman et al., 2004). Due
to its role in coarse semantic coding (Jung-Beeman,
2005), the right temporal cortex was regarded as the
key area for establishing distant semantic associations.
The crucial role of the right cortex in insight was also sup-
ported by the electrophysiological findings that the
gamma wave suddenly increased over right temporal
sites 0.3 s prior to insight solutions (Jung-Beeman et al.,
2004). Furthermore, compared with the trials in which
problems were unsolved throughout, a larger upper alpha
activity was detected over the temporal sites for the trials
in which problems were solved after hint presentation
(Sandkuhler and Bhattacharya, 2008).

In addition, research using riddles and logogriphs also
revealed several key brain areas involved in insight
solution. The anterior cingulate cortex was proposed to
detect and monitor cognitive conflicts in insight (Mai
et al., 2004; Qiu et al., 2008a,b; Zhao et al., 2014b), the
lateral prefrontal cortices might be responsible for resolv-
ing conflict (Luo, 2004; Qiu et al., 2010), the bilateral tem-
poral areas were activated to retrieve semantic
information over an extensive range (Luo and Niki,
2003; Zhao et al., 2013), and the hippocampus might
underlie the formation of novel semantic associations
(Luo and Niki, 2003; Qiu and Zhang, 2008; Zhao et al.,
2013). Through the analysis of functional connectivity,
Zhao et al. (2014b) suggested that the right lateral pre-
frontal cortex and right temporal area as well as their
interaction might underlie the selection of novel
information.

However, the process detected in the above studies
was solving insight problems rather than solving general
problems in an insightful way, because the experimental
materials used were all the insight problems, which
were some special artificial problems whose solutions
involve insightful processes for ordinary beings
(Ohlsson, 2011). Generally, the insight problem has a
unique solution, and the solution of these problems
belongs to closed-ended creativity. Comparatively, the
general problem might have several solutions, even more
than one novel solution. Therefore, solving general prob-
lems in a creative way is more likely open-ended creativ-
ity. Although both of these problems are creative problem
solving, they might have distinct cognitive processing.
According to the dual process account (Allen and
Thomas, 2011), creative thinking includes automatic
thinking and effortful thinking, which may play crucial roles
in different phases of the creative process. Open-ended
creativity is considered to mainly depend on automatic,
intuitive thinking, while closed-ended creativity involves
both automatic, intuitive thinking and effortful, analytical
thinking (Lin and Shih, 2016). Therefore, it is hypothe-

sized that the processes of information selection in
open- and closed-ended creativity might be distinct from
each other.

Divergent thinking is a typical open-ended creativity,
and studies usually employ tasks such as the alternative
uses test or creative sentence or story generation to
explore the cognitive process (Wu et al., 2015). In the
alternative uses test, fMRI results showed that the left
frontal cortex was associated with divergent thinking
(Fink et al., 2009; Abraham et al., 2012), and EEG record-
ings further revealed the alpha synchronization over the
frontal scalp was associated with the generation of origi-
nal uses, which might reflect a selective top-down inhibi-
tion process in creative thinking (Fink et al., 2009; Fink
and Benedek, 2014; Benedek et al., 2014c). Different
from these studies in which the originality of the uses
was rated by others rather than the participants,
Benedek et al. (2014b) distinguished the generation of
genuinely new creative ideas and the mere recollection
of old ideas from memory according to participants’ self-
report. The results showed brain activation in the orbital
part of the inferior frontal cortex increased as a function
of the creativity, which might be associated with executive
processes for overcoming dominant but uncreative
responses.

The role of the lateral frontal cortex in divergent
thinking was also supported by the studies on creative
sentence or story generation. It was found that the right
prefrontal cortex acted critically in retrieving divergent
semantic information when generating creative stories
(Howard-Jones et al., 2005). Moreover, Benedek et al.
(2014a) found that brain activation in the left anterior dor-
somedial prefrontal cortex and the right middle temporal
gyrus was linearly correlated with the creativity rating of
generated metaphors, which might reflect executive con-
trol and the activation of novel semantic information,
respectively.

Although the previous studies came to an agreement
about the key brain area in divergent thinking, that is the
frontal cortex playing a crucial role in open-ended
creativity, there were some issues to solve yet. On the
one hand, the above studies treated the creative
process as a unitary construct and did not subdivide it
into detailed mental components or stages through the
experimental design or data analysis. Therefore, the
dynamic neural activity of the key mental subprocesses,
such as information selection in creativity, was not
revealed. Although Schwab et al. (2014) and Wang
et al. (2017) reported investigations of the temporal
course of alpha power/synchronization during generation
of creative ideas, the time window they chose was the
whole duration of generating multiple uses of an object,
which included several complete processes of creativity.
Therefore, what they subdivided into different stages
was one task rather than a single trial of creativity. On
the other hand, the brain areas associated with creative
thinking do not work independently but cooperate with
each other to support creativity (Zhao et al., 2014b;
Beaty et al., 2015, 2016). Nevertheless, the studies on
divergent thinking did not take into account the interaction
between the brain areas of executive control and visual or
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semantic information activation, although they had identi-
fied these areas as associated with information selection.

The current study was conducted to figure out the
temporal and spatial patterns of neural activity
associated with information selection in open-ended
creativity. According to the previous studies, it was
hypothesized that the neural activity of the frontal and
temporal cortices as well as their interaction would
underlie information selection in creativity.

METHOD
Participants

Twenty-three adults (12 females and 11 males; mean age:
21.1 years, ranging from 19 to 26 years) participated in
this experiment. All were healthy, right-handed, native
Chinese speakers and had normal or correct-to-normal
vision and no report of neurological disease. All
participants were asked to sign an informed consent to
meet the ethics requirements of Institutional Review
Board of Central China Normal University. Three
participants were excluded due to too many EEG artifacts.

Materials and experimental paradigm

In the current study, we adopted a creative generation task
of Chinese two-part allegorical sayings, which is a type of
Chinese proverb consisting of two parts. The first
segment is the descriptive part, consisting of a short
phrase that portrays a novel scenario, and the second
segment is the explanatory part made of a few words,
providing the rationale. The two parts are implicitly
associated with each other, usually in way of semantic
pun or homophonic pun. For example, ‘kuang feng zhong
de la zhu, nan dian’ (J1X\Graqsgis, M) is a semantic
pun Chinese two-part allegorical saying. The first part
means a candle in a wild wind, while the second part
means a difficult point. They seem mismatched.
However, if decomposing the ‘nan dian’ (M) into two
separate characters—‘nan’ (M, means difficult) and ‘dian’
(%, one meaning is igniting), the first and second parts
would be matched. Another example is a homophonic
pun Chinese two-part allegorical saying, such as ‘xia yu
tian dai shou biao, lin shi’ (FRRK&F K, I&0Y). The first
part means wearing a watch on a rainy day, while the
second part means temporary. The key is to replace the
character “I§” with “¥#t” which means pouring. Then, the
second part would be ‘lin shi’ (##H¥, which means pouring
some water on time (watch)) and is associated with the
meaning of the first segment.

In conversation, people often only state the first part,
expecting the listener to know the second. Therefore,
Chinese two-part allegorical sayings are also called
Xiehouyu (&8X/518, means a saying with the latter-part
suspended). However, in the creation of a Chinese two-
part allegorical saying, the second part is generated at
first because it is what people want to say, and then the
second part is created as a semantic pun or
homophonic pun. For example, for the second part, ‘gao

zhao' (=#i, means brilliant idea) may be decomposed
into ‘gao’ (&, means high) and ‘zhao’ (#H, means
beckoning), and then create a short phrase to describe
a corresponding scenario, such as ‘shan ding shang hui
shou’ (IUJR E3%F, means waving the hand on the top
of mountain). Alternatively, people may replace the
character ‘zhao (#§)’ with ‘zhao (#H)’, which means
lighting, and create the first part of ‘fei ji shang de deng
guang’ ("§HL_EAIXTFE, means lamplight on flying plane).
Another possibility is that people may produce the first
part with a similar meaning to the second part, such as
‘wan li tiao yi de dian zi' (FE#—HI=F, means a
good idea that is one in a million). This process shows
that the generation of a Chinese two-part allegorical
saying can be completed in different ways and lead to
more than one solution. Therefore, the creation of
Chinese two-part allegorical sayings is open-ended
creativity.

A pre-experiment was conducted to choose the
materials for the formal experiment. Ninety-second
segments with two characters were derived from a corpus
of existing Chinese two-part allegorical sayings, and none
of the materials overlapped in character with the others.
Thirty-eight participants were required to generate a
novel and appropriate first segment to each second
segment. Since the task was difficult, worked examples
(a second segment with both a novel first segment and a
normal first segment) were provided at the beginning of
the pre-experiment to help participants learn some
strategies. After that, participants generated a solution to
each item within 3 min and rated each solution as ‘novel’
or ‘normal’ by themselves. The results of the pre-
experiment showed that the mean generating time was
26.37 s, and the mean rate of novel solutions was
49.26%. To ensure that the novel and normal solutions
would be comparable in number in the formal experiment,
thirty-two items were chosen, and the rate of novel
solutions was in the range of 40-60%.

The formal experiment consisted of the practice stage
and the experiment stage. The practice included two trials
in which participants were asked to generate a novel and
appropriate first segment to each second segment. No
matter what the participants worked out, a novel and a
normal solution were presented as worked examples to
help them learn the strategies. The procedure of each
trial in the experimental stage is shown in Fig. 1. First, a
cross sign was presented at the center of the screen for
1s. Subsequently, a second segment was presented at
the same position, and participants were asked to
generate a novel and appropriate first segment for the
presented second segment within 40 s. Once they came
out with an optimal solution, they pressed the “ENTER”
key and spoke it out loudly within 10s. Then,
participants were instructed to rate their solution as
‘normal’ or ‘novel’ by pressing the ‘1’ key or 2’ key,
respectively. Note that the appropriateness of the
solutions was not rated here because all the solutions
generated should make sense first to be an answer.
The next trial came after a —4 s blank. During the entire
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Fig. 1. The procedure of a trial in the formal experiment.

experiment, participants were asked to stay still in order to
minimize the interruption of EEG signals.

EEG recording and analysis

The EEGs were recorded using a 64-channel elastic cap
by Brain Product, Gilching, Germany, according to the
International 10-20 system. The reference and ground
electrode were located at FCz and a site between AF3
and AF4, respectively. The electrooculogram (EOG)
consisted of the vertical EOG and horizontal EOG,
which were recorded by electrodes placed above the left
eye and at the outer corner of the right eye. The
impedance of all electrodes was below 5kQ over the
whole period of the experiment. The EEG signals were
amplified and bandpass filtered between 0.05 and 100
Hz, and the continuously sampled frequency was 500
Hz/channel.

EEG data were analyzed offline using Analyzer 2.0
software (Brain Product, Gilching, Germany). EEG data
were re-referenced by the average signals of Tp9 and
Tp10, which were located at left and right ear mastoids.
A filter was adopted with a bandpass of 0.1-35 Hz. Eye
movement artifacts were rejected using Independent
Component Analysis (ICA), and other artifacts (voltage
exceeds +100 pV in any channel) were also eliminated.
The trials were classified into novel and normal
solutions according to participants’ self-rating. Because
the solution times for different trials were very different,
ranging from 3.82s to 39.95s, we could not average
the neural signals of different trials in accurate time
segmentation like ERPs. Moreover, the calculation of
EEG power and coherence required data with a long
enough time epoch, which was 2 s in the current study.
To make sure that most trials were usable, three
epochs in each trial were extracted to display a rough
changing trend of neural activity: (1) early phase, which
was 0 to 2 s after the second segment was presented,
(2) middle phase, which was —1 to 1s centered at the

midpoint of the whole generation period, and (3) late
phase, which was —2 to 0 s before participants pressed
the key to report. The trials with solving time lower than
6 s were excluded.

For EEG analysis, a fast Fourier transformation was
adopted on time-domain signals of all selected epochs
to obtain the frequency-domain signals of EEG activity.
The lower alpha (8-10 Hz) band and the upper alpha
(10-12 Hz) band were chosen for analysis (Fink et al.,
2009). As mentioned in the Introduction, the lateral frontal
cortex and temporal areas played a crucial role in informa-
tion selection, and then frontal area electrodes (AF3, AF7,
F3, F5, F7, AF4, AF8, F4, F6, and F8) and temporal area
electrodes (FT7, T7, TP7, FT8, T8, and TP8) were
selected for the following analysis. The power value of
each electrode in each band was calculated using Ana-
lyze r2.0 software, and then was log-transformed for
inclusion in an ANOVA. In EEG coherence analysis,
EEG coherence between all pairs of electrodes was cal-
culated by cross-spectrum analysis in Analyzer 2.0 soft-
ware for both lower and upper alpha bands, and then
four groups of electrode pairs were selected, as shown
in Fig. 2, including 15 frontal-temporal pairs in each hemi-
sphere, 5 interhemispheric frontal-frontal pairs and 3
interhemispheric temporal—temporal pairs. Then, the fron-
tal-temporal coherence in each hemisphere and the inter-
hemispheric frontal-frontal and temporal-temporal
coherence for each participant were obtained by averag-
ing the coherence values in each group. All the coherence
values were Fisher-Z transformed for ANOVA, and p val-
ues were corrected using the Greenhouse-Geisser cor-
rection for all repeated-measures ANOVAs.

RESULTS
Behavioral results

The average solution rate of all participants was (90.62
+ 7.45)%. The mean percentage of novel solutions was
(39.96 + 12.56)% according to participants’ self-rating.
Paired-samples t-test showed that the mean solving
time for novel solutions (19.23 £ 4.60s) was
significantly shorter than that for normal solutions (21.0
6 £ 4.00s) [t (19) = 2.11, p < 0.05].

EEG power results

Alpha power in the frontal area. Both the lower and
upper alpha power over the frontal scalp were analyzed
using a 2 (novelty: novel, normal) x 2 (hemisphere: left
[AF3, AF7, F3, F5, F7], right [AF4, AF8, F4, F6, F8]) x
3 (time epoch: early phase, middle phase, late phase)
repeated-measures ANOVA.

For lower alpha power, none of the main effects or
interactions was significant.

For upper alpha power, a significant main effect of
novelty [F(1, 19) = 2.59, p < 0.05, nﬁa,ﬁa, = 0.23] was
found, in which the upper alpha power induced by the
novel solution (0.13 + 0.08 pV2) was significantly higher
than that by the normal solution (0.11 £ 0.07 uV?). As
shown in Fig. 3, there was also a significant interaction
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Fig. 2. The sketch map of the selected electrodes for EEG power
analysis and electrode pairs for coherence analysis.

between novelty and hemisphere in the upper alpha band
[F(2, 38) = 5.54, p < 0.05, nAamias = 0.23]. The simple
effects test showed that the upper alpha power induced
by the novel solution (0.14 + 0.08 uV?) was marginally
significant higher than that by the normal solution (0.12
+ 0.07 pV?) in the left hemisphere [p = 0.072], while
the difference in the right hemisphere was not significant
[p > 0.05].

Alpha power in the temporal area. A 2 (novelty: novel,
normal) x 2 (hemisphere: left [FT7, T7, TP7], right [FT8,
T8, TP8]) x 3 (time epoch: early phase, middle phase,
late phase) repeated-measures ANOVA was conducted
in analysis of the lower and upper alpha power over the
temporal scalp.

For the lower alpha power, the ANOVA showed a
significant main effect of novelty [F(1, 19) = 5.98, p <
0.05, nga,f,-a, = 0.24], in which the lower alpha power
induced by the novel solution (0.11 + 0.13 uV?) was
higher than that induced by the normal solution (0.09 +
0.09 uV3). The significant main effect of time epoch was
also found [F(2, 38) = 6.52, p < 0.01, Vlgarﬁal = 0.26] as
shown in Fig. 4A. Post-hoc analyses showed that the
lower alpha power in the early phase (0.12 + 0.13 pV?)
was significantly higher than that in the middle (0.10 +
0.11 uV?) and late phase (0.09 + 0.09 pVv?) [p < 0.05],
while no difference was found between middle and late
phases [p > 0.05].

For the upper alpha power, there was a significant
main effect of novelty [F(1, 19) = 2.59, p < 0.05, n2aiar
= 0.23], in which the upper alpha power induced by the
novel solution (0.10 + 0.08 uV?) was higher than that
induced by the normal solution (0.09 + 0.06 uV?).

EEG coherence results

Frontal-temporal coherence. The frontal-temporal
coherence in both lower and upper alpha band were

0.175 1 mNovel Solution
g * ONormal Solution
=
w
g 0.15
m© O
to
Se
Lo
< 0.125
—_
(0]
%
o
)
0.1 '

Left Hemisphere Right Hemisphere

Fig. 3. The comparison of the frontal upper alpha power between the
novel and normal solution in each hemisphere. Error bars were
standard error of the mean (p = 0.072).

analyzed using a 2 (novelty: novel, normal) x 2
(hemisphere: left, right) x 3 (time epoch: early phase,
middle phase, late phase) repeated-measures ANOVA.

For the lower alpha coherence, the ANOVA showed a
significant main effect of novelty [F(1, 19) = 7.29, p <
0.05, ﬂgan‘ia/ = 0.28], in which the lower alpha frontal—
temporal coherence in the novel solution (0.30 + 0.07)
was higher than that in the normal solution (0.26 + 0.05).

For the upper alpha coherence, the main effect of
novelty was significant [F(1, 19) = 4.79, p < 0.05,
nf,a,ﬁa, = 0.20], in which the upper alpha frontal-
temporal coherence in the novel solution (0.30 + 0.08)
was higher than that in the normal solution (0.26 + 0.05).
As shown in Fig. 4B, there was a significant main effect
of time epoch [F(2, 38) = 5.47, p < 0.01, nﬁa,ﬁa, =
0.22]. Post-hoc analyses revealed that the upper alpha
frontal-temporal coherence in the middle phase (0.30
+ 0.07) was significantly higher than that in the early
phase (0.26 + 0.05) [p < 0.05].

Interhemispheric ~ coherence. The  frontal—frontal
coherence and temporal-temporal coherence were
separately analyzed using a 2 (novelty: novel, normal)
x 3 (time epoch: early phase, middle phase, late phase)
repeated-measures ANOVA.

For frontal-frontal coherence, none of the main effects
or interactions were found to be significant in either the
lower or upper alpha band.

For temporal-temporal coherence in the lower alpha
band, the main effect of novelty was significant [F(1,
19) = 5.45, p < 0.05, nf,a,ﬁa, = 0.22], in which the lower
alpha bilateral temporal coherence in the novel solution
(0.20 + 0.07) was higher than that in the normal
solution (0.16 + 0.07). For temporal—temporal
coherence in the upper alpha band, the main effect of
time epoch was significant [F(2, 38) = 5.11, p < 0.05,
VISartia/ = 0.21] as shown in Fig. 4C. Post-hoc analyses
showed that the upper alpha bilateral temporal
coherence in the middle phase (0.20 + 0.08) was
significantly higher than that in the early phase (0.15 +
0.06) [p < 0.05].
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Fig. 4. (A) The dynamic change of lower alpha power in temporal
area in which the power value in early phase was significantly higher
than that in middle and late phase. (B) The dynamic change of
frontal-temporal coherence in upper alpha band in which the
coherence value in middle phase was significantly higher than that
in early phase. (C) The dynamic change of temporal-temporal
coherence in upper alpha band where the coherence value in middle
phase was significantly higher than that in early phase. Error bars
were standard error of the mean.

DISCUSSION

The current study focused on the cognitive and neural
processing of information selection in open-ended

creativity. Generally, when engaging in open-ended
creativity, people retrieved extensive information closely
and remotely related to the question, and then inhibited
the common information and activated the novel
information to produce the novel solution. These
processes might be reflected by the alpha activity of
the frontal and temporal cortex as well as their
interaction.

Possible integrations of alpha activity in creativity

In the previous studies, the findings of alpha activity for
creativity did not agree. Some researchers found lower
alpha activity increased in creativity (Fink et al., 2006;
Razumnikova, 2007; Razumnikova et al., 2009), while
some other studies reported an increase in upper alpha
activity (Sandkuhler and Bhattacharya, 2008; Fink et al.,
2011). In addition, there were some studies that found
increased activity of both lower and upper alpha band or
did not discriminate the two types of alpha waves
(Jausovec, 2000; Fink et al., 2009; Benedek et al.,
2014c). Although the previous studies provided no clear
evidence of the specific roles of lower and upper alpha
activity in creative cognition (Fink and Benedek, 2014),
the lower and upper alpha activity might still reflect differ-
ent cognitive processing in creativity.

Generally, the increase in alpha power or synchrony in
creativity had two interpretations. One was defocused
attention (Dietrich and Kanso, 2010), which meant a state
of automatic processing that facilitated the sorts of asso-
ciative processes (Zabelina and Robinson, 2010). Since
lower alpha activity was found to be more likely to be
associated with general cognitive process such as arou-
sal or alertness (Fink and Benedek, 2014), it might reflect
automatic, intuitive or unconscious processing in creativ-
ity. The other was selective inhibition (Fink et al., 2009),
which suggested an active top-down control of brain activ-
ity. Given that more activity during cognitive processes
was associated with specific task demands (Klimesch
et al., 2000; Doppelmayr et al., 2005), the upper alpha
activity might be involved in the process of information
selection in creativity.

Alpha power in the frontal and temporal cortex

In the current study, the results showed that compared
with that of the normal solution, the lower alpha activity
of the creative solution was increased over the bilateral
temporal sites. Due to the typical function of the
temporal cortex in language, the increased lower alpha
activity might be associated with the automatic,
unconscious mental process of retrieving extensive
semantic information. Furthermore, the lower alpha
activity showed a reduction with time. This result might
reflect the dynamic change from divergent thinking to
convergent thinking in the creative process, in which the
automatic and unconscious semantic retrieval
decreased and the problem space was compressed.

To come to a novel solution, semantic information
that is closely related and information that is unrelated
to the problem should be abandoned. As discussed
above, the upper alpha activity in temporal areas might
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be involved in the inhibition of the common or unrelated
information. Additionally, selective inhibition was also
underlain by the increased upper activity over the
frontal scalp. The current results indicated a dominance
of upper alpha activity in the left frontal area. This result
might reflect stronger inhibition of common semantic
information since the left brain was responsible for the
fine and close semantic processing (Jung-Beeman,
2005). Thinking from another perspective, stronger inhibi-
tion suggested more activation of semantic information,
which meant a larger problem space for open-ended
creativity.

Alpha coherence between frontal and temporal area

Information selection in creativity was not supported by
the frontal or temporal area separately. Studies on
closed-ended creativity showed that it was the functional
connectivity between the frontal and temporal areas in
the right brain that underlay the selection of novel
information (Zhao et al., 2014b). Similar results were
found in the current study compared with that in the nor-
mal solution, EEG coherence of both lower and upper
alpha bands between the frontal and temporal area was
higher in the creative solution. According to the different
functions of the left and right brain in fine and coarse
semantic processing (Jung-Beeman, 2005), it was sug-
gested that alpha coherence in left brain might reflect inhi-
bition of common semantic processing, while that in the
right brain might be associated with the selection of novel
semantic information.

Additionally, the frontal-temporal upper alpha
coherence was lowest in the early phase of problem
solving and then increased to the top of the middle
phase. Since the neural interaction between the frontal
and temporal area underlies the selection of information,
this result might indicate that creative cognition took
automatic and unconscious information retrieval as the
principal thing in the beginning, and the selective
inhibition increased afterward. This result was consistent
with the interpretation of the dynamic change in lower
alpha activity in the temporal area. Furthermore, upper
alpha coherence between the bilateral temporal areas
showed a similar change curve with the bottom at the
beginning and the top in the middle. Given that neural
coherence meant the functional cooperation between
two areas, this result meant that the various semantic
information was retrieved randomly and uncontrollably
at the beginning, and then came into integration gradually.

Note that because there was no significant interaction
between novelty and time epoch, the normal solution had
similar curves as the novel solution. According to the
model by Bink and Marsh (2000), creative cognition
shared similar processes with non-creative cognition,
and the crucial difference between them is the selection
of novel information. Therefore, the similar change curves
might reflect the common dynamic processes of open-
ended problem solving, while the higher alpha power in
frontal and temporal areas as well as the stronger fron-
tal-temporal alpha coherence underlay the selection of
normal information in the creative solution.

Difference between open-ended and closed-ended
creativity

The advantage of the right brain in frontal-temporal
connectivity was reported by a study on closed-ended
creativity (Zhao et al., 2014b), while the current study
on open-ended creativity did not find a hemispheric differ-
ence in frontal-temporal coherence. This difference might
be due to the differences in cognitive processes between
closed-ended and open-ended creativity.

Previous studies on closed-ended creativity mainly
concentrated on insight problem solving, which included
a stage of unconscious processing that emerged into
consciousness in an all-or-nothing fashion (Salvi et al.,
2016). Generally, the insight problem had a unique solu-
tion. Once the insight solution is clarified, novel informa-
tion would be activated and common information would
be inhibited. Accordingly, the neural activity of the right
brain increased and that of the left brain decreased. The
neuroimaging studies provided support for the idea that
the right brain dominance in insight problem solving
occurred in the time before the solution (Jung-Beeman
et al., 2004; Zhang et al., 2011).

In comparison, in open-ended creativity, even though
participants had generated an idea, there might be other
solutions that were more in line with the problem.
Therefore, the search and evaluation of ideas lasted
until participants decided to report the solution. The
behavioral result was that the solving time for the
normal solution was longer than that in the novel
solution, which might result from the continuous search
process. Even when participants had come to a novel
idea, the search might still continue to get a better one.
This result meant the retrieval of both the novel and
common information would continue until participants
made a decision. In other words, compared with closed-
ended creativity, open-ended creativity might be more
dependent on the cooperation of the two hemispheres.
In the current study, the higher coherence of lower
alpha activity between the bilateral temporal areas in the
novel solution might reflect more effective integration of
close and remote semantic information in open-ended
creativity.

CONCLUSION

Our results indicated that the alpha activities in frontal and
temporal areas as well as their coherence were
associated with information selection in open-ended
creativity. Furthermore, the dynamic change in alpha
power and coherence reflected the transformation from
the divergent thinking to convergent thinking in creative
progress. Finally, the result did not show a hemispheric
difference in frontal-temporal alpha coherence, which
might result from the non-uniqueness of the solution in
open-ended creativity.
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