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Contemporary understanding of brain functions provides a way to probe into the mystery
of creativity. However, the prior evidence regarding the relationship between creativity and
brain wave patterns reveals inconsistent conclusions. One possible reason might be that
the means of selecting creative individuals in the past has varied in each study. By
distinguishing creative potential as open-ended versus closed-ended based on theoretical
views, this study examined different brain wave patterns and cortical control abilities in
relation to different creative potentials by using electroencephalogram (EEG) biofeedback
equipment. The results demonstrated that participants’ performance on the open-ended
creative problem was positively related to EEG alpha frequencies, whereas performance on
the closed-ended creative problem was related to larger variability in EEG dynamics
between alpha and beta waves when performing either open-ended or closed-ended
creativity tasks. Further, better control in changing states of brain wave activities accord-
ing to the EEG biofeedback signals could predict closed-ended creativity performance.
Open-ended creativity was related only to the enhancement of alpha signals. These results
help clarify previous inconsistent findings, reveal different natures of distinct creativities,
and further suggest ways to improve different aspects of creativity with modified biofeed-
back procedures.

Research has been conducted through various means and
sought to understand the mysterious concept of creativ-
ity for many decades. With the advantages of neurocog-
nitive techniques, it is pointed out that any cognitive
theories should cooperate with neurocognitive evidence,
including creativity (Dietrich, 2004; Pfenninger &
Shubik, 2001). A variety of psychophysiological mea-
surement methods have therefore been employed,
including  electroencephalogram  (EEG), positron
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emission tomography (PET), near-infrared spectroscopy
(NIRS), and functional magnetic resonance imaging
(fMRI; for a review, see Dietrich & Kanso, 2010).

One of the interesting issues is to determine the
relationship between creativity and brain wave patterns
by using EEG equipment. However, past research has
shown incongruent results. Many found the link between
creativity and alpha (o) brain wave activation (e.g., Fink
et al., 2009a), but others did not (e.g., Razumnikova,
2007). In addition, Martindale (1999) has proposed that
creative individuals might exhibit higher variation of
brain wave patterns and, hence, cortical control abilities.
However, the notion has not gained empirical support
(Martindale & Armstrong, 1974). One possibility of the
inconsistency might stem from researchers’ methods of
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selecting creative individuals, which varied in each
study. Theories and accumulated evidence have shown
that different creativity measures involve distinct mental
processes and correlate with different psychological fac-
tors (e.g., Lin & Lien, 2013; Lin, Hsu, Chen, & Wang,
2012). Therefore, this study distinguished two types of
creative potential: open-ended and closed-ended. Their
different relationships with brain wave patterns and cor-
tical control abilities were then explored.

CREATIVITY AND CORTICAL ACTIVITY

Kris (1952) proposed that creative individuals have easier
access to a freely associative, unconscious, and imaginative
primary thinking mode, which can enable them to produce
more novel ideas. This thinking mode is more likely to
occur in hypnogogic or reverie states and is related to
alpha brain wave activation (Lindsley, 1960; von Stein &
Sarnthein, 2000). Thereafter, Martindale (1999) developed
the low-arousal hypothesis, suggesting the link between
creativity and low cortical arousal (i.e., high alpha power).
Recent neurological studies have also demonstrated that
slower brain wave rhythms carry information over long-
distance, distributed connections (e.g., Varela, Lachaux,
Rodriguez, & Martinerie, 2001), which allows remote and
creative associations (Gruzelier et al., 2014).

Accordingly, many studies have investigated the relation-
ship between creativity and alpha waves and have gained
some support (Fink & Neubauer, 2006; Fink, Grabner,
Benedek, & Neubauer, 2006; Grabner, Fink, & Neubauer,
2007; Jausovec, 2000; Martindale, 1999; Molle et al.,
1996). For example, higher increases in alpha power were
discovered in the prefrontal lobes of professional dancers
during a dance improvisation (Fink, Graif, & Neubauer,
2009b). Participants significantly revealed elevated alpha
activation when they were doing free-association creative
tasks (Fink et al., 2009a) or were generating original
responses for alternate-use tasks (Jauk, Benedek, &
Neubauer, 2012). In addition, participants showed increas-
ing creativity when they had received relaxation-response
training in alpha brain wave production (Foster, 1990);
moreover, participants were able to increase alpha wave
activation in their frontal cortexes after 2 weeks’ training
in divergent thinking (Fink et al., 2006). Furthermore, self-
administered high-dose alcohol consumption was found to
decrease prefrontal activity (i.e., low cortical arousal), facil-
itate regression to primary thinking mode, and increase
original responses (for a review, see Svensson, Archer, &
Norlander, 2006). This evidence strengthens the link
between creativity and alpha waves.

However, some inconsistencies exist (for a review, see
Dietrich & Kanso, 2010). When comparing high- and low-
creativity participants, some researchers found no correla-
tion between creativity performance and EEG alpha-band

activation (Martindale & Hasenfus, 1978). Razumnikova
(2007) further found that participants doing the remote
association test (RAT; Mednick & Mednick, 1967) exhibited
increasing beta (B) power compared with those who com-
pleted the simple association test, in which beta wave acti-
vation is considered to reflect an abstract, logical, and
reality-oriented secondary thinking mode (Kris, 1952;
Martindale, 1999).

CREATIVITY, VARIATION IN BRAIN WAVE
PATTERNS, AND CORTICAL CONTROL

Past studies have found that each stage of the creative
process has featured dissimilar patterns of brain wave acti-
vation (e.g., Jausovec, 1997; Martindale & Hasenfus, 1978;
Norlander & Gustafson, 1998). For example, more alpha
wave activation was found and alcohol intake better facili-
tated creativity during the incubation and illumination
phases than during the preparation and verification phases
when participants were solving creative problems (Jausovec,
1997; Norlander & Gustafson, 1998). In addition, the result
—highly creative individuals exhibited more alpha indices
during creative inspiration—could occur only when these
participants were asked to be creative (Martindale &
Hasenfus, 1978). It was thus proposed that creative indivi-
duals exhibit higher variation of brain wave patterns or
frontal flexibility to switch between different processing
modes (Jauk et al., 2012). This might be attributed to their
cortical control abilities (Martindale, 1999).

Martindale and Armstrong (1974) tested this operant
control hypothesis with an EEG biofeedback device.
They asked selected high- and low-creativity participants
to control their own mental status to make a signal tone
appear or disappear, which corresponds to the detection
of alpha wave activation. However, supportive evidence
was not obtained, and it was concluded that high-
creativity individuals did not exhibit better cortical con-
trol abilities than low-creativity individuals (Martindale,
1999; Martindale & Armstrong, 1974).

DISTINCTION BETWEEN OPEN-ENDED
CREATIVITY AND CLOSED-ENDED CREATIVITY

As reviewed previously, past studies compared different
brain wave patterns or cortical control abilities between
high- and low-creativity individuals, but achieved inconsis-
tent results. Importantly, past studies rarely considered the
ways in which differentiation between high- and low-crea-
tivity individuals varies; for instance, in Martindale and
Armstrong’s study (1974), the researchers averaged the
participants’ scores on divergent thinking test and RAT
measures even though the two measures were not correlated
in their own report. It has been pointed out that creativity
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measures should be further distinguished because they
might involve distinct brain circuits (Dietrich, 2004). In
particular, an open-ended creative problem (such as a diver-
gent thinking problem, which requires participants to list as
many uses of an object as possible) and a closed-ended
creative problem (such as the RAT, which asks for a correct
answer to find a common concept of three presented items)
included different task demands (Wakefield, 1989), and they
might involve different processes (Lin & Lien, 2013; Lin
et al,, 2012). The two measures should be separately
addressed.

The dual process account of creativity (Lin & Lien,
2013; Lin et al., 2012) has recently been proposed; it refers
to the different processes in each kind of creativity.
Incorporated with primary-secondary thinking mode theory
(Kris, 1952; Noy, 1969; Suler, 1980) and dual process
theories (e.g., Evans, 2003, 2007; Sloman, 1996;
Stanovich & West, 2000), where associative System 1 is
analogous to the primary thinking mode and evaluative
System 2 is analogous to the secondary thinking mode,
Lin et al. (2012, 2013) inferred that an open-ended creativity
task mainly relies on System 1 processing when the task is
to generate as many diverse ideas as possible. On the other
hand, a closed-ended creativity task requires processing in
both systems 1 and 2 to generate novel ideas and alterna-
tively evaluate their appropriateness when a correct final
answer is requested. Empirical evidence indicates that indi-
viduals’ performance on open-ended and closed-ended tasks
did not correlate with each other (e.g., Lin & Lien, 2013)
and that various psychological factors, such as working
memory (Lin & Lien, 2013), personality traits and gender
(Lin et al., 2012), and emotional state (Lin, Tsai, Lin, &
Chen, 2014) correlated differently with these two measures.
In view of this, whether different brain wave patterns or
cortical control abilities are requested for open-ended and
closed-ended creative problem solving is an interesting issue
to explore.

RESEARCH PURPOSES AND HYPOTHESES

In this study, the brain wave patterns of participants who
were performing either open-ended or closed-ended creativ-
ity tasks were investigated in Study 1A. The abilities of
cortical control in relation to different creative performances
were afterwards examined in Study 1B. Based on the dual
process account of creativity (Lin & Lien, 2013; Lin et al.,
2012) and the notions of Lindsley (1960) and Martindale
(1999), better performance on the open-ended creativity task
was expected to be more strongly related to alpha waves, as
a good performance on this task relies mainly on associative
System 1 processing, which is related to low cortical activa-
tion, to generate diverse ideas. On the other hand, better
performance on the closed-ended creativity task would
demonstrate a transformation between alpha and beta

waves, as the task demands shifts between Systems 1 and
2 to achieve a novel and appropriate correct answer.
Accordingly, individuals with high closed-ended creativity
potential might exhibit better cortical control abilities to
transform their brain wave patterns.

STUDY 1A

Method
Screening Procedure

To expend the variance of creative performances and
increase representativeness of participants with different
creative potentials, participants in Study 1A were first
screened from 111 Fo Guang University students (M age
= 19.03, SD = 0.98, age range = 18-22; 45% women; to
earn course credit). These 111 participants performed both
an open-ended divergent thinking test (The Chinese
Version of Creative Thinking Test [CVCTT], Wu, 1998)
and a closed-ended insight problem task (10 pure insight
problems, Lin et al., 2012). The CVCTT consists of
typical divergent thinking problems (i.e., unusual uses
and figure completion) designed from subtests of the
Torrance Test of Creative Thinking (TTCT, Torrance,
1974) with culturally familiar materials. The instrument
was developed from a large-sample norm in Taiwan that
included elementary to graduate students and has estab-
lished stable reliability and validity results. The 10 pure-
insight problems that necessarily require a reconstructing
process, as suggested by Weisberg (1995), consist of five
verbal and five figural problems. Cronbach’s alpha coeffi-
cient for the task was .68.

According to their performances, participants in the top
one-third and the bottom one-third on the CVCTT (both verbal
and figural subtests), in addition to average performance on the
insight problem task, were selected as an open-ended creativity
group (n = 16). The screening criterion for the closed-ended
creativity group (n = 19) was analogous, except the former test
performance was according to the insight problem-solving task
and the latter was according to the CVCTT.

Participants and Design

Thirty-five participants (M age = 19.71, SD = 1.23, age
range = 18-22; 43% women) were paid to participate in Study
1A. All were healthy and right-handed. The open-ended crea-
tivity group was asked to solve an open-ended Chinese ver-
sion of free association tests (CFAT) and the closed-ended
creativity group was asked to solve the closed-ended Chinese
Remote Association Test (CRAT; Jen, Chen, Lien, & Cho,
2004) while the physiological measurement was underway.
The study was approved by the Ethics Committee of
Department of Psychology, Fo Guang University. All partici-
pants signed an informed consent form before the experiment.
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Two Types of Creativity Measures

The CFAT and CRAT were short formed and suitable for
measuring EEG data. The two tasks were also displayed by
a similar stimulus representation and procedure.

Open-ended CFAT. In CFAT, participants were
given a target word of two Chinese characters, such as the
ocean, to freely associate between the connected concepts as
much as they were able to. A total of 15 target words were
selected from the associative norming lists established by
Chen (1999). According to the norm, the originality index
for each problem was scored and summed. Responses that
occurred in less than 2% of the norm scored 2. Responses
between 2% and 4.99% of the norm scored 1. Finally,
responses that occurred more than 5% of the norm scored 0.

Closed-ended CRAT. Fifteen CRAT problems from
Jen et al. (2004) were used. Based on Mednick’s (1962)
original RAT, the CRAT problems required solvers to iden-
tify a target Chinese character that could, respectively, link
the three presented Chinese characters to make three two-
character Chinese words. The total correctness of the 15
problems was counted as the index.

Apparatus and Procedure

This study adopted the EEG biofeedback apparatus with
the ProComp Infiniti System (2003), developed by
Thought Technology Ltd., Canada. The use of EEG bio-
feedback equipment allows for the measurement of brain
wave patterns and other physiological indices (only the
brain wave data were reported in the present study). In
addition, biofeedback signals were provided by the equip-
ment in Study 1B.

All signals were delivered to a personal computer and
analyzed with Biofeedback Multimedia Software (BioGraph
Infiniti 5.0), which was designed to set up the program.
According to the International 10-20 System, the monopo-
lar EEG electrodes were placed at prefrontal Fpl and Fp2
because previous work demonstrated a close link between
brain wave differences in the frontal lobe and creativity
(e.g., Fink et al, 2009b), and the frontal lobe was

Stimulus onset

!

considered an important base of creativity (e.g., Dietrich,
2004). The EEG signals of Fpl and Fp2 were sampled at
2048 Hz. In addition, eye-induced artefacts were recorded
bipolarly by two eye channels (vertical VEOG and horizon-
tal HEOG), and the EEG signals were sampled at 256 Hz.
All of the EEG channels above were measured with the
ipsilateral ear (A1l or A2) as the reference.

Participants were tested alone in a small room and sat
down in a comfortable chair in front of a screen. Participants
were first given 3 min to relax and were instructed to refrain
from eye or other movements until the end of the experi-
ment. They then received a total of 15 trials, each of which
included a 4-sec blank screen, a 3-sec fixation cross, and a
following problem presentation with 1 min to solve the
problem. Participants who were assigned to solve the
CFAT (the open-ended creativity group) viewed a two-char-
acter word, whereas participants assigned to solve the
CRAT (the closed-ended creativity group) viewed three
characters. Participants could only report their answer after
the time limit of each trial; in the meantime, their answers
were recorded and the EEG recording was paused until the
next trial. The one-trial procedure is presented in Figure 1.
The whole procedure took approximately 40 min.

Analysis of EEG Cortical Oscillatory Changes

In this study, the preprocessing of each participant’s data
was performed by using the scripting and EEGLAB com-
mand line functions (Delorme & Makeig, 2004). Signals
were filtered by using a finite impulse response (FIR) filter
(eegfilt;, EEGLAB) with a band pass from 1 to 50 Hz. Data
epochs were extracted from 5.0 to 35 sec after problem-
solving onsets to exclude the transient responses to the
stimulus onset. Individuals” EEG activity during the middle
two seconds of each blank screen phase was assessed as the
baseline of each trial (see also Figure 1). The extended
infomax independent component analysis (ICA) algorithm
(Jung et al., 2001; Lee, Girolami, & Sejnowski, 1999) was
then applied to all four scalp-channel signals across 15
concatenated epochs. Independent components accounting
for eye-movement artifacts were identified and removed for
the further calculation of indices of frequencies.

Report the answer

!

| I I + | To solve a problem of CRAT or CFAT
— | | . L1
! U | ] L
Is-3sas 5s — 35s brain
the baseline wave recorded 1
Fixation G ioni i
eneration interval 60s Next item
Blank 4s .5 3¢

FIGURE 1 Schematic time course and analysis procedures of the experimental tasks in Study 1A.
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The single-trial event-related spectral perturbation
(ERSP; Makeig, 1993) of the rest of the components
was then analyzed. Three indices were extracted: the alpha
(7-13 Hz) and the beta (13—-30 Hz) oscillations were ana-
lyzed by detecting their appearances at levels above 5 pV
with a time of 0.25 ms. The third index—the number of
transformations between alpha and beta waves—was con-
ducted by the summed frequencies detected in two situa-
tions: a decrease in alpha accompanies an increase in beta,
and a decrease in beta accompanies an increase in alpha.

Results

To investigate whether the three brain wave indices contrib-
uted differently to different creativity measures, two correla-
tional and two regression analyses were computed
separately on the performances of the open-ended and
closed-ended creativity groups. The results showed that the
Pearson’s rs of alpha, beta, and transformation between
alpha and beta frequencies to open-ended CFAT perfor-
mances were .49 (p = .027), .13 (p = .32), and .40
(p = .006). The correlations between the above three indices
with closed-ended CRAT performances were .26 (p = .15),
.30 (p = .10), and .36 (p = .06). The alpha frequencies most
significantly correlated to open-ended creativity perfor-
mance, and the transformation between alpha and beta
most correlated to closed-ended creativity performance at a
marginally significant level.

In simultaneous-entry regression analyses, three brain
wave indices were computed as predictive variables and
the performances on the two creativity measures were con-
sidered dependent variables. The results demonstrated that
the S values of alpha and beta, as well as the transformation
between alpha and beta on the open-ended CFAT perfor-
mances were .40, —.18, and .19. The S values of the three
indices on closed-ended CRAT performances were —.24,
.14, and .50. Although these results revealed trends compa-
tible with predictions, the ps did not reach a significant
level.

These trends highlighted some further analyses. Similar
to previous studies (e.g., Mdlle, Marshall, Wolf, Fehm, &
Born, 1999), the median splits according to participants’
performance on the open-ended CFAT and the closed-
ended CRAT were computed separately for the two groups.
Participants scored higher on the CFAT (M = 25.96,
SD = 0.63) denoted as OP (open-ended problem)-high sub-
group (n = 8), as compared to the OP-low subgroup (n = 8),
which scored lower on the task (M = 22.76, SD = 14,
#(14) = 5.88, p < .001, d = 2.94). Participants scored higher
on the CRAT (M = 9.9, SD = 0.99), denoted as CP (closed-
ended problem)-high subgroup (n = 10), as compared to CP-
low subgroup (n = 9), which scored lower on the task
(M = 6.67, SD = 1.22, (17) = 6.35, p < .001, d = 2.92).
Independent #-tests (all one-tailed tests) were respectively
conducted with the three brain wave indices for OP-high

versus OP-low subgroups and CP-high versus CP-low sub-
groups. The results showed that participants in the OP-high
subgroup only had significantly more « frequencies
(M =27.56, SD = 4.07) than those in the OP-low subgroup
(M =229, 8D =5.28), (14) =198, p = .034, d = 0.99. On
the other hand, the CP-high subgroup not only exhibited
more o frequencies than the CP-low subgroup (M = 24.27,
SD =516 vs. M=19.84, SD = 4.24, 1(17) = 2.03, p = .025,
d = 0.93), but it additionally transformed more between o
and f than the CP-low subgroup (M = 19.78, SD = 4.18 vs.
M =15.74, SD = 3.58, #(17) = 2.25, p = .019, d = 1.03).

Discussion

The results of Study 1A showed that good performances on
the open-ended creativity measure related more to alpha
brain wave activation and good performances on the
closed-ended creativity measure related more to transforma-
tions between alpha and beta. Given that open-ended and
closed-ended creative problem solving include different task
demands (Wakefield, 1989) and involve distinct processes
(Lin & Lien, 2013; Lin et al., 2012), says, the former
involves mainly System 1 processing and the latter involves
alternating use of System 1 and 2 processing, the differences
in brain wave activities were demonstrated when these two
measures were separated.

Some criticisms might arise because the CFAT and the
CRAT adopted in this study were simply distinguished as
open-ended and closed-ended. RAT was associative in nat-
ure and creativity tasks represent a continuum ranging from
open to closed-ended (Acar & Runco, 2014; Benedek,
Konen, & Neubauer, 2012). However, empirical evidence
found that RAT is more strongly correlated to convergent
thinking and it was referred to as a convergent creative
problem-solving task by Jones, Caulfield, Wilkinson, and
Weller (2011). Given its task demands that participants find
the only correct answer, CRAT was considered more char-
acteristic of a closed-ended task in the present study, com-
pared to the CFAT, in which correct answers were not
requested.

Probably because of a small sample size in each group,
the regression analyses did not show significant results in
Study 1A. In addition, there was a marginal correlation
between open-ended CFAT performances and transforma-
tion between alpha and beta (although the relationship did
not show in the follow-up regression and #-test analyses). If
individuals with different creative potential exhibit distinct
brain wave patterns while they are performing creativity
tasks, it is possible that they have different cortical control
abilities. Individuals who are good at closed-ended creativ-
ity might have better cortical control to switch between
alpha and beta, while individuals good at open-ended crea-
tivity might not. If these results can be found, they can
strengthen the findings in Study 1A. In Study 1B, partici-
pants were asked to proceed to a different procedure: a
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cortical control experiment using the EEG biofeedback
equipment, which was based on Martindale and
Armstrong’s method (1974) but distinguished between dif-
ferent creativities.

STUDY 1B

Method
Participants

The same 35 participants in Study 1A were recruited to
perform the cortical control task in Study 1B.

Apparatus and Procedures

The same EEG biofeedback equipment in Study 1A was
used; however, it presented a biofeedback signal in Study
1B. The experiment started with an adaptation trial. For
180 seconds, participants were asked to relax and were
instructed to refrain from unnecessary movements until the
end of the experiment. The following baseline recording
lasted 250 sec. The third habituation trial, lasting 50 sec,
allowed participants to get acquainted with the biofeedback
400 Hz signal tone. Participants then proceeded to a 150-sec
practice trial in which they were told that the tone would
come on when they were in certain mental states, and they
were asked to practice making the tone turn on or off. The
signal tone would be given when alpha activation was
detected with levels above 5 pV and lasted for 0.25 ms.
After that, two of the alpha enhancement trials and the other
two of alpha suppression trials followed, each of which
lasted 150 sec. During the alpha enhancement trial, partici-
pants were asked to make the sound occur as often as
possible. They were asked to prevent the sound as much
as possible, however, during the alpha suppression trial. The
frequencies of the signal tones (and, hence, the alpha wave
frequencies) were recorded during the alpha enhancement
and suppression trials. The whole procedure is presented in
Figure 2, and it took approximately 30 min.

Analysis of Dependent Variables

Three indices were computed as dependent variables.
The first two were the mean ratio of alpha during the two
enhancement trials and two suppression trials. The ratio of
alpha was computed from the alpha frequency during the
test phase divided by the baseline alpha frequency. The third
index, cortical control ability, subtracted the suppression
trial’s mean ratio of alpha from the enhancement trial’s
mean ratio of alpha. It indicates the degree to which an
individual can increase or decrease his or her alpha activity
in accordance with the instructions. The larger the extent,
the better his/her cortical control ability.

Results

As in Study 1A, two correlational and two regression ana-
lyses were computed separately on the three indices of
cortical control task and participants’ former performances
of open-ended or closed-ended creativity tasks. The results
showed that the Pearson’s rs of the ratio of alpha on the
enhancement trial, the suppression trial, and cortical control
index to open-ended CFAT performances were .35 (p = .09),
29 (p = .13), and —.05 (p = .42). The correlations between
the above three indices with closed-ended CRAT perfor-
mances were .31 (p = .10), -.01 (p = .49), and .52
(»p = .01). The ratio of alpha on the enhancement trial
marginally correlated to the open-ended creativity perfor-
mance, while the cortical control ability was significantly
correlated to the closed-ended creativity performance.

In simultaneous-entry regression analyses, three indices
of the cortical control task were computed as predictive
variables and performances on two creativity measures
were computed as dependent variables. The results demon-
strated that the f values of the ratio of alpha on the enhance-
ment trial and the cortical control index on open-ended
CFAT performances were .36 and —07 (the ratio of alpha
on the suppression trial was excluded from the model). No f
values were statistically significant. On the other hand, the £
values of the ratio of alpha on the suppression trial and the
cortical control index (the ratio of alpha on the enhancement
trial was excluded from the model) on closed-ended CRAT
performances were —02 and .52, #(16) = 2.43, p = .03.

Alpha enhancement  Alpha suppression
i Baseline . " "
Adaptation . Habituation Practice
recording trail 1 trail 2 trail 1 trail 2
180s 250s 50s 150s 150s 150s 150s 150s
L 1 1 1 1 1 1 ]
J
Y
Test phase

FIGURE 2 The cortical control procedure in Study 1B.
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These results indicated that better performance on the
closed-ended creativity task was predicted by better cortical
control ability, while performance on the open-ended crea-
tivity task did not.

As in Martindale and Armstrong (1974), the analyses
comparing high and low creatives were also computed.
With the same median split as in Study 1A, the results
showed that the OP-high subgroup exhibited significantly
more alpha ratio (M = 1.64, SD = 0.63) on the enhance-
ment trial compared to the OP-low subgroup (M = 1.13,
SD = 0.45), «(14) = 1.83, p = .044, d = 0.92. Although not
significant, there was a trend of more alpha frequency for
the OP-high subgroup (1.55 = 1.06 vs. 1.01 £ 0.35,
p = .09) on the alpha suppression trial. The two subgroups
did not differ in the cortical control index. On the other
hand, the CP-high subgroup (M = 0.47, SD = 0.47) exhib-
ited a significantly higher cortical control index than the
contrasted CP-low subgroup (M = 0.1, SD = 0.25), ¢
(17) = 2.12, p = .025, d = 0.97. The other two indices
were not different.

Discussion

The results of Study 1B showed that individuals’ higher
cortical control abilities predicted their better perfor-
mances on the closed-ended creativity task. They could
flexibly make the EEG biofeedback signals present or
absent, which indicated the appearance or disappearance
of alpha brain waves and, supposedly, System 1 or
System 2 processing. On the other hand, individuals’
open-ended creativity performances were more related to
alpha appearance on the enhancement trial. Interestingly,
those who performed well on the open-ended creativity
task even exhibited more alpha activation than their own
baseline conditions under the suppression condition
(mean ratio of the alpha equals 1.55 for the OP-high
subgroup). They might be only capable of increasing
alpha activities. These results could lend support to the
findings in Study 1A that different creativities were
related to different brain wave activation patterns and
help explain why individual performances on the open-
ended versus closed-ended creative problem solving were
not correlated (Lin & Lien, 2013).

GENERAL DISCUSSION AND CONCLUSION

Although previous researchers have suggested that differ-
ent creativity measures include different task demands
(Wakefield, 1989) and might involve distinct brain circuits
(Dietrich, 2004), past studies rarely compared, say, open-
ended versus closed-ended creativity, in one study in the
domain of EEG research. In addition, the frontal flexibility
index of brainwave transformation between alpha and beta,
based on the theoretical accounts of creative processes

(Jauk et al., 2012; Kris, 1952; Lin & Lien, 2013; Lin
et al., 2012), was first developed in this study, and the
controllability of this flexibility was also examined. The
results of this study demonstrate that different brain wave
patterns and cortical control abilities correlated with dif-
ferent creativity performances. Open-ended creativity was
related to more alpha activation, whereas closed-ended
creativity involved more transformations between alpha
and beta, which the participants could voluntarily control.
These findings may offer the dual process account of
creativity (Lin & Lien, 2013; Lin et al., 2012) a physiolo-
gical support that different types of creativity involve dif-
ferent processes. Open-ended creative problem solving
relies mainly on System 1 processing or primary thinking
mode, as indicated by cortical deactivation; and, hence,
alpha wave activation (Martindale, 1999; Pfurtscheller,
Stancak, & Neuper, 1996). Closed-ended creative problem
solving involves both System 1 and 2 processing and
entails a higher variation of brain wave patterns and frontal
flexibility (Jauk et al., 2012).

Recent studies have revealed more functions of alpha
synchronization, such as inhibition of task-irrelevant pro-
cesses and retention of relevant information in working
memory (for a review, see Klimesch, Sauseng, &
Hanslmayr, 2007). Beta rhythm was also proposed as a
binding mechanism that integrates various sources of infor-
mation (Schnitzler & Gross, 2005). These processes might
also contribute to creative cognition, respectively. Because
idea generation is needed for both open- and closed-ended
creative problem solving, the internal retention of informa-
tion and inhibition of irrelevant stimuli that allow represen-
tations of associations or ideas are important for both kinds
of creativity. However, it might be more crucial to integrate
or select proper answers from various associates for a
closed-ended problem.

This distinction between open-ended and closed-ended
creativities can help clarify the various and inconsistent
results obtained in previous studies. For example, the
findings that performing RAT tasks revealed higher beta
power might be attributable to the greater involvement of
System 2 or integration processing (and hence beta
waves) in a closed-ended RAT task, rather than in an
open-ended free association task (Razumnikova, 2007).
Furthermore, reexamining the operant control hypothesis
(Martindale & Armstrong, 1974; Martindale, 1999) under
this distinction showed that highly creative individuals
did exhibit better cortical control abilities, but only if
they were superior at closed-ended creativity. Thus, the
previous low-arousal-hypothesis (Martindale, 1999) that
proposed the simple link between creativity and low
cortical arousal should be extended according to distinct
creativity measures.

The EEG-biofeedback training has recently been
applied to increase individuals’ abilities in various
domains, such as attention (Egner & Gruzelier, 2004),



Downloaded by [University of California, San Diego] at 06:09 25 July 2016

96  Y-H.LIETAL.

memory (Vernon et al., 2003), music (Gruzelier et al.,
2014), and dance performance (Raymond, Sajid,
Parkinson, & Gruzelier, 2005). With respect to creativity,
a few studies explored EEG-biofeedback training on
divergent thinking abilities but obtained inconsistent
results (Boynton, 2001; Doppelmayr & Weber, 2011).
No published study has tried to increase closed-ended
creative performance with EEG-biofeedback equipment.
The results of this study, which showed that open-ended
creativity was related only to alpha enhancement feed-
back whereas closed-ended creativity was related to both
alpha enhancement and suppression, suggest ways to
improve different aspects of creativity with distinct
EEG-biofeedback procedures. In addition, previous
research has indicated differences between artistic and
scientific creativity (e.g., Simonton, 2008; Stent, 2001)
and has suggested that open-ended and closed-ended
creativity were analogues for the fundamental distinction
between them (Lin & Lien, 2013; Lin et al., 2012).
Whether artists and scientists exhibit different brain
wave patterns or distinct cortical control abilities, and
how to improve different creative achievements through
EEG-biofeedback training, are interesting issues worth
further investigation.

There are some limitations in this study. The first con-
cerns the sample size; further research with a larger sample
size might be needed. However, the participants in this
study were screened from a large sample and could be
considered representative. In addition, the magnitudes of
the statistical results were of medium to large effect size,
as defined by Cohen (1992). Second, with the restriction to
a few EEG electrodes of biofeedback equipment, some
issues such as hemispheric lateralization, different alpha
bands, and different cortical areas in relation to different
creativity measures were not explored in the present study.
Some previous studies have found that creativity is more
related to right hemisphere activation (e.g., Gibson, Folley,
& Park, 2009; Jung et al., 2009), but others failed to observe
the phenomena (e.g., Fink et al., 2009a; Goel & Vartanian,
2005). The different relationships of the upper alpha band
(10.1-12.9 Hz) and lower alpha band (7.9-10.1 Hz) to
creativity were investigated, but obtained inconsistent
results (e.g., Fink, Schwab, & Papousek, 2011; Grabner
et al.,, 2007; Jauk et al., 2012; Razumnikova, Volf, &
Tarasova, 2009). Furthermore, more alpha activation has
also been found in different cortical areas, such as parietal
cortical areas (Jauk et al., 2012) and temporal and occipital
areas (Fink et al., 2011). Further research could explore
these issues while distinguishing different creativity
measures.

In sum, this exploratory study demonstrates distinct brain
wave patterns and cortical control abilities in relation to
different creativities. It helps to understand previous incon-
sistent results, reveals distinct natures of different creativ-
ities, and suggests issues for future exploration.
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